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[bookmark: _Toc79478134]Introduction
This email thread discusses the phase continuity and power consistency across PUSCH/PUCCH transmissions and the corresponding UE RF requirements for NR coverage enhancements WI in AI 6.18.1 and 6.18.2, including the following sub-topics:
· Sub-topic #1: Phase continuity and power consistency tolerance
· Sub-topic #2: Maximum duration for DMRS bundling
· Sub-topic #3: Definition and testing of phase/power requirements
· Sub-topic #4: Requirements for non-zero gap in-between PUSCH/PUCCH transmissions
· Sub-topic #5: Other issues
· Sub-topic #6: Requirement text proposal and work plan

List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to review the recommended WF and provide comments directly under each issue in section 1.2.
· 1st round comments & responses by 8:00 UTC Wednesday
· 2nd round: Prepare the WF and reply LS to RAN1.
· 1 sub-thread on the reply LS, with email title ‘[101-bis-e][130] NR_cov_enh - reply LS’ (led by QC) 
· Cover Sub-topic #2 on Maximum duration for DMRS bundling. 
· 1 sub-thread on the WF, with email title ‘[101-bis-e][130] NR_cov_enh - WF’ (led by HW)
· Cover Sub-topic #1, 3, 4, 5.
Note: For quick turnaround in responding to comments, it is recommended to send company comments in email body of each sub-thread instead of adding them in the summary document. Moderator will add all the email comments into the summary document.

[bookmark: _Toc79478135]Phase continuity and power consistency for PUSCH and PUCCH transmissions
[bookmark: _Toc79478136]Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200020
	China Telecom
	Title: Updated RAN4 RF work plan for NR coverage enhancements WI

	R4-2200021
	China Telecom
	Title: RF requirements for the non-zero gap in between PUSCH/PUCCH transmissions
Proposal 1: On OFF power during the un-scheduled gap, option 2 with -50dBm OFF power level is preferred.
Proposal 2: On OFF power during the un-scheduled gap, if option 1 with no requirements is considered, we need to understand what is the expected UE output power during the gap, and we don’t hope the UE output power can be at an arbitrary level.

	R4-2200022
	China Telecom
	Title: On phase continuity and power consistency tolerance
For the phase variation model and phase continuity tolerance:
Observation 1: When option 1 phase offset model is used, the tolerable phase offset is [20, 30] degrees, in scenario of FR1 15 & 30 kHz, FR2 60 kHz, and with 16 and 32 repetitions.
Observation 2: When option 2 phase offset model is used, the tolerable phase offset is [10, 15] degrees, in scenario of FR1 15 & 30 kHz with 16 and 32 repetitions, and FR2 60Hz with 16 repetitions.
Proposal 1: Define the phase continuity tolerance as [20, 30] degrees if using option 1 phase offset model, and as [10, 15] degrees if using option 2 phase offset model.
For the power consistency tolerance:
Observation 3: When 3.5dB power offset is modeled, the JCE performance degradation is very small compared to no power offset, in scenario of FR1 15 & 30 kHz, FR2 60 kHz with 16 and 32 repetitions.
Observation 4: According to sub-clause 6.3.4.4 of TS 38.101-1 and TS 38.101-2, the aggregate power tolerance is defined as ±2.5 dB and ± 3.5 dB for FR1 PUCCH and PUSCH respectively, and is defined as ± 3.5 dB for FR2 PUCCH and PUSCH when the power is not smaller than intermediate power point 'Pint'.
Proposal 2: Reuse the existing power tolerance requirements defined in sub-clause 6.3.4.4 of TS 38.101-1/2, i.e., no new power tolerance requirements for JCE to be defined.
For the definition of RF requirements:
Observation 5: For option 2 of defining UE requirement as EVM value, when around 3dB power offset is considered, the power offset will dominate the EVM and the impact of different phase offsets is not obvious.
For the DMRS for channel estimation in the test:
Observation 6: The discussion on DMRS for channel estimation should be separated for the purpose of BS demodulation and the testing. For the testing of UE RF requirements, if JCE gain is counted, the measured phase offset will be smaller than the real phase offset caused by transmitter.
Proposal 3: For the test implementation, the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots in a bundle.

	R4-2200023
	China Telecom
	Title: On maximum duration for joint channel estimation
Proposal 1: The phase and power tolerance within the duration is the factor which determines the length of the maximum duration.
Proposal 2: The maximum duration is 16 or larger slots for different SCSs.
Proposal 3: The maximum duration should not be band specific, and it is FR specific.
Proposal 4: Define a single maximum duration for a given set of factors.

	R4-2200024
	China Telecom
	Title: On UE autonomous adjustment and DL reception in-between transmission
Observation 1: Typically the UE autonomous adjustment applies when the DL received timing (i.e., the propagation delay between the BS and UE) is changed. From this sense, option 1 and option 2 are identical.
Observation 2: For option 1 (i.e., up to UE implementation, while maintaining the power consistency and phase continuity tolerance), it can be interpreted by either: 1) not adjusting timing, or 2) UE compensation on phase offset in case timing is adjusted. With either interpretation, the power consistency and phase continuity tolerance can be maintained, and there is no issue identified.
Observation 3: The possible maximum change of propagation delay within a JCE bundle is very small compared to the Te.
Proposal 1: Option 1 for UE autonomous adjustment (i.e., up to UE implementation, while maintaining the power consistency and phase continuity tolerance) is preferred.
Observation 4: The “with DL reception” scenario is not supported in RAN1.
Proposal 2: RAN4 not further discuss the scenario of “with DL reception” in-between transmission in Rel-17.

	R4-2200338
	Qualcomm Incorporated
	Title: Discussion on UE requirement for JCE
For the discussion on the JCE process:
Proposal 1: Use all DMRSs in the bundle for the channel estimate for the JCE test for the UE
Observation 1: Frequency correction in the JCE test can be either slot by slot basis or one correction applied to the whole bundle. 
Observation 2: Sample timing offset correction can be either slot by slot basis as currently in EVM test or then one correction based on estimate of the whole bundle can be applied. 
For link simulation results:
Observation 3: With longer bundles with same phase variation in UE, more CINR is needed to achieve the same throughput
Observation 4: UE can be allowed for 20 degree phase variation from slot to an other without much degrading the JCE benefit
Observation 5: Phase model option 1 (no phase accumulation) and 2 (phase allowed to accumulate) have small impact on the JCE performance and can be left undefined
Observation 6: Amplitude variation has small impact on the throughput with JCE
For a summary of DMRS bundling requirements setting:
Observation 7: EVM requirement provides a way to set the JCE requirement for phase and amplitude variation for DMRS bundling
Observation 8: with 20 deg of phase variation and 2 dB amplitude variation, the EVM requirement for the JCE process could be set to 9 dB
Proposal 2: Define UE requirement as EVM using JCE process 
Proposal 3: In DMRS bundling test for the UE, assume UE does not change the frequency or adjust its timing during the bundle  

	R4-2200339
	Qualcomm Incorporated
	Title: draft CR for EVM based requriements

	R4-2200343
	Qualcomm Incorporated
	Title: OFF power requirement for the gap in TX on case
Proposal 1: If OFF power measurement period is made shorter, the dBm value for OFF power should be relaxed. 
Observation: defining OFF power for the gap between the slots in the same bundle is conflicting with the premise of DMRS bundling work where the assumption was to keep the TX in ON state between the slots in the same bundle
Proposal 2: No new OFF power requirement is defined from this WI. 

	R4-2200344
	Qualcomm Incorporated
	Title: Maximum duration handling for JCE
Observation: Setting one fixed performance criteria for DMRS bundling independent of number of bundled slots will define how many slots UE can support in one bundle  
Proposal: Maximum duration for the UE is determined by UE meeting the requirements set for DMRS bundling 

	R4-2200471
	Sony
	Title: Views on phase continuity and power consistency for PUSCH and PUCCH repetition
Observation 1: A phase variation within 40 degrees with joint channel estimation can outperform single slot channel estimation under the proposed simulation model. 
Observation 2: The performance of joint channel estimation (e.g., simply truncate the joint CE to a few surrounding slots or estimate the phase jump) can be further improved with optimized estimator design, in other words, allow larger phase tolerance. 
Observation 3: the impact of power inconsistencies across UL slots is neglectable at least with a uniformly distributed power variation of 2 dB no matter the phase inconsistency.
Observation 4: for PUSCH, large PRB allocations with high number of DMRS renders JCE not beneficial.
Observation 5: for PUSCH and small PRB allocations, JCE is beneficial for phase inconsistencies up to, around,  . 
Observation 6: PUCCH is more likely to be the bottleneck of JCE gain, and it might be sufficient for RAN4 to focus on PUCCH and define the requirement for phase and power consistency.
Observation 7: More scenarios and use cases can potentially be feasible for JCE operation once the phase and amplitude tolerances are concluded. 

	R4-2200926
	ROHDE & SCHWARZ
	Title: Discussion on testability of coverage enhancement requirements
Proposal 1: RAN4 agrees to Option 1b from the Way Forward.
· For definition of RF requirements, the following options will be further discussed in the future meetings.
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
Proposal 2: The maximum time window should be defined as 10 ms, to be aligned with the existing definitions in TS 38.521-1.
Proposal 3: RAN4 agrees to Proposal 3 from the Way Forward for the purpose of UE testing. There is no need to differentiate between FDD and TDD bands.
Impact from frequency offset
· Proposal 3: 
· Test equipment shall estimate the CFO based on individual time slot and not estimated the CFO from best fit on all bundled time slot.

	R4-2201703
	Ericsson
	Title: On measurement of the TX coherent transmission
Observation 1 EVM metric can be used as an alternative to measure the JCE phase/amplitude tolerance, but EVM only works when the correct decision is made for targeted constellation point.
Observation 2 Only DMRS is used to guarantee the correct constellation point for EVM calculation for accumulated phase model when CFO is estimated based on 1st time slot. 
Observation 3 Using the RF method 1b on accumulated phase model may lead to large phase offsets and big EVM values.
Observation 4 For the phase model of option 1 (random uniform distribution), the EVM curve is similar between option 4b and option 2 
Observation 5 CFO across the time slots could compensate the phase offset to some extent; this is more apparent for the phase model of the option 2 (accumulated uniform distribution)
Observation 6 Channel estimation over the joint time slots can compensate the phase offset to some extent and it is more apparent for the phase model of the option 2 (accumulated uniform distribution)
Observation 7 Proposal 1 in issue 1-3-6 is the assumption for the BS JCE receiver or test equipment when estimating the CFO and correcting the CFO error. For the UE, it would mean there is no frequency adjustment within the bundled time slots.
Proposal-1: Discuss below technique to be used in the measurement.
1. Cross time slots CFO estimation over the bundled time slots
2. Channel estimation over the bundled time slots
3. EVM averaging over the bundled time slots
Proposal-2: To discuss EVM simulation to set the EVM limit taking account of both phase model option 1 and option 2.
Proposal-3: Whether estimating the CFO based on individual time slot or cross time slot in test equipment may depend on the EVM requirement discussion.
Proposal-4: For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result.
Proposal-5: LS to RAN5 on CFO estimation and post equalization test for phase/amplitude discontinuity tolerance requirements pending on the RAN4 consensus.

	R4-2201704
	Ericsson
	Title: On JCE phase continuity and power consistency tolerance for PUCCH and PUSCH
Observation 1 There is minimum functional impact on UE if the power consistency requirement would be +/- 3.5 dB and UE report the 21 ms as its maximum duration capability.
Observation 2 TPC command does not violate the power consistency and phase continuity so the aggregate power requirement could be used to maintain the power consistency requirement for JCE within the maximum duration.
Observation 3 UE could report more than 21ms based on current RAN4 discussion.
Proposal-1: Use the more relaxed power consistency requirement of the +/- 3.5 dB to minimize the UE impact.
Observation 4 The UL coherent transmission assumes that phase and amplitude variation of UE transmitter frequency response in different time slots within the bundled time slots should not exceed a predefined magnitude.
Proposal-2: Follow the RAN1 agreement and make these events as side conditions for UE RF requirement as below:
1. UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
2. There is no TA command from network
3. UE should not perform autonomous time adjustment
Proposal-3: Focus on the channel estimation method discussion for Hardware impairment test and not the JCE receiver design for option 2.
Proposal-4: RAN4 discuss the above requirement text based on consensus of the channel estimation method in option 1 or 2.
Table 6.4x-1: the maximum allowable difference 
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	z msec



Table 6.4x-1: EVM requirement
	Modulation
	EVM
	Time window

	QPSK
	x
	z msec




	R4-2201705
	Ericsson
	Title: RF impact on non-scheduled gap
Proposal-1: For option 2, considering to allow the LO leakage power for best spectrum efficiency. 
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms. 

	R4-2201706
	Ericsson
	Title: simulation updated results for phase tolerance for PUSCH  repetition
Observation 1 Phase model of option 1 has worse JCE performance compared with phase offset modeling of option 2 for the same phase offset range.
Observation 2 With power variation model and phase offset model, phase model of option 1 has worse JCE performance compared with phase offset model of option 2 for the same phase offset range and power variation range.
Proposal-1: Use the 3.5 dB power error and 20-degree standard deviation phase error (uniform [-35, 35]) as the JCE tolerance to the TX coherence transmission.  

	R4-2201707
	Ericsson
	Title: LS reply On maximum duration of phase continuity and power consistency for PUCCH and PUSCH repetition
Regarding the maximum duration, we have below observations and proposals.:
Observation 1	No need to consider the temperature impact on the phase/power tolerance within 32 time slots.
Observation 2	The maximum time duration for the UE not adjusting its frequency/time should be one factor
Observation 3	Power/phase consistency tolerance is not a factor impacting the maximum duration considering the 32 ms as upper limit for RAN4 investigation.
Proposal-1:	Frequency/time stability of UE is one factor to determine the maximum time duration.
Proposal-2:	There is no issue for UE to support 32 ms as maximum duration.

For the LS reply, we propose the following:
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
[answer] The maximum duration could be 32ms and other number than 32ms is not discussed in RAN4.
· What factors determine the maximum duration?
[answer] The maximum time during which the UE does not adjust its frequency.
Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
[answer] As the factors are not related to the modulated signal, the conclusion should be the same for both PUSCH and PUCCH.
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
[answer] RAN4 focuses on QPSK only as no JCE gain was seen for higher modulations (16QAM and 64QAM).
Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
[answer] No.
· Whether the maximum duration is band specific?
[answer] Yes. As to meet RF requirement on phase and power consistency tolerance may be band specific.
Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
[answer] No; Subject to a single maximum duration value, a minimum maximum time duration should be specified for all UEs that meet the RF phase/amplitude discontinuity tolerance requirement (that may associated with capability per band).

	R4-2201840
	Anritsu Limited
	Title: Feasibility of proposed test methods for phase continuity and power consistency tolerance measurements
We discussed both options 1 and 2 and made the following observations:
Observation 1: Option 1a is not possible as DMRS for slot #N is different from DMRS for slot #N-1. Option 1b is possible as DMRS for slot#0 and slot#0 in the next frame (10ms later) is the same.
Observation 2: For Option 1, to determine the phase error correctly the same data for PUSCH would need to be used with a periodicity of 10ms, which is contradiction with actual deployments where data are expected to be different, conformance testing should be performed in realistic conditions.
Observation 3: For Option 1, DMRS periodicity is 10ms whatever the SCS so 120kHz SCS would mean that the 2nd slot used for measurement would happen 80 slots after the 1st slot used for measurement, which is not acceptable as the periodicity in number of slots should be much smaller to be in the spirit of JCE.
Observation 4: For Option 1, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
Observation 5: For Option 2, there are no requirements on the data that shall be loaded on DMRS and PUSCH in the slots contrary to Option 1. This flexibility allows a flexible time window duration and a reasonable number of slots is required even for high subcarrier spacing.
Observation 6: For Option 2, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
Based on the discussion above, we propose the following:
Proposal: Study Option 2 in more details but also look at implementation improvements of Option 1b.

	R4-2201958
	Huawei, HiSilicon
	Title: On phase continuity for multiple transmissions
Observation 1: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.3dB due to non-accumulated phase error U(-30o, 30o),
· ~0.6dB due to non-accumulated phase error U(-40o, 40o).
Observation 2: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.2dB due to accumulated phase error U(-15o, 15o),
· ~0.5dB due to accumulated phase error U(-20o, 20o).
Observation 3: Phase shift has greater impacts than the power shift to the JCE performance.
Proposal 1: Reuse the aggregate power tolerance for the power tolerance within the max duration, i.e. ± 2.5 dB for PUCCH and ± 3.5 dB for PUSCH.
Proposal 2: The phase tolerance within the max duration should be ± 30 degree.
Proposal 3: The upper bound of max duration should be 20ms.
Proposal 4: Judging from the comparison results in Table 1, we feel separated definition (x degree phase tolerance + y dB power tolerance) is a suitable way rather than EVM-like definition (-%).

	R4-2201986
	MediaTek (Chengdu) Inc.
	Title: Some remaining open issues on coverage enhancements
Proposal 1: Agree Option 1 - RAN4 do not introduce new transmit off power, i.e. no requirement applies during the gap. 
Observation 1: Restricting the ability to perform autonomous timing adjustment at the UE may lead to other adverse performance effects that counteract the benefit of JCE.
Observation 2: While we agree with the recommendation from RAN4#101-e, putting restrictions on CFO adjustment at the UE may lead to other adverse performance effects that counteract the benefit of JCE. If the UE CFO adjustment were to be restricted, then the Base Station may need to compensate for higher frequency error being present at some point during JCE.
Observation 3: Phase continuity may be impacted due to Tx power changes due to changes in path loss estimates by the UE. The need for autonomous power changes when requiring coverage enhancement may be unlikely but the scenario needs to be addressed.
Observation 4: A need to adapt P-MPR could occur during the JCE time window and the corresponding change to UE Tx power, may impact the UE’s ability to maintain phase continuity. However, if the UE were to be restricted from doing this, it may not adhere to SAR requirements which are important for health and safety.
Proposal 2: To not restrict the UE’s freedom to perform existing autonomous time/frequency/power adjustments during JCE window. In practice in field conditions, we believe that the BS would need a mechanism to fall back to non-JCE as necessary for scenarios where JCE performance is degraded or offers no gain. 
Proposal 3: Maximum JCE window duration for all frequency bands is 8 slots.



[bookmark: _Toc79478137]Open issues summary
[bookmark: _Toc79478141]Sub-topic #1: Phase continuity and power consistency tolerance
Issue 1-1: Model of phase variation
· [bookmark: OLE_LINK125][bookmark: OLE_LINK123]RAN4 #101e agreement (in WF R4-2120003)
· For the model of explicit phase offset, uniform distribution is agreed.
· To evaluate the phase offset tolerance for coverage enhancement (simulation assumption):
· BS reference receiver:
· Used all the DMRS within the repetition duration for channel estimation.
· It is encouraged for companies to provide the equalization algorithms used in the simulation.
· This is just the assumption for evaluation and does not imply mandating any implementation for BS.
· NOTE: try to reuse RAN1 simulation assumption.
· Provide the performance evaluation:
· Provide the tolerable phase offset by using both Option 1 simulation setup and Option 2 simulation setup.
· Compare the performance between with and without random phase offsets.
· Option 1 means that for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Option 2 means that for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
· Moderator’s observations
· In this meeting, 4 companies (QC, E///, HW, CTC) compared the tolerable phase offset with phase model option 1 and 2, and no companies showed preference on which option should be used. 
· Recommended WF
· Since all the 4 companies simulated both options do not have a preference on one of the two options, moderator recommends to discuss the phase tolerance in Issue 1-2 firstly. 
	Company
	Comments

	China Telecom
	We agree to focus on the numbers in Issue 1-2. No matter which option is used, the key point is the numbers to be agreed.

	Ericsson
	In our simulated updated paper, we simulate 8 repetition and does not observe the phase model option 2 has worse tolerance performance than phase model option 1. We also simulated 32 repetition but observe phase model option 2 has worse performance than phase model 1. This is aligned with other companies’ observations.  
This observation mean RAN4 needs discuss how we treat phase model (option 2) which is accumulated phase model.  This accumulated phase model makes the phase offset exhibit a linear change with time which is not bounded and even technique of phase offset compensation does not help when repetition number is big. Thus, phase model of option 2 gives difficulty for the measurement and also the requirement setting.
For TDD band, the TX chain will be OFF and from WCDMA PA characteristics of 10 PA (R4-114212), it seems the “white” phase offset model is ok.
For FDD band, as majority UE vendors want to keep TX chain ON as preferred implementation (referring to un-scheduled gap scenario) and from early LS responses, it does not seem phase continuity is issue when RAN4 side conditions are kept.
Based on above, it seems phase model of option 2 could be deprioritized in Rel-17 Cov-Enh work as it has “testability” issue.  

	Huawei
	In general we agree with Ericsson. As we have discussed in the last meeting, the relative phase shift comparing to the first slot could be large under option 2, but the intention of introducing such requirement to JCE bundle is to make sure that the phase shift of each transmission will not exceed a certain level.

	Qualcomm
	We agree with the moderator finding and China telecom comment, model does not seem to be important so both can be considered in future.
We agree with Ericsson comment that with longer bundles option 2 maybe show a bigger problem but then UE that exhibits this option 2 like behavior will still meet the requirement. We would like to hear comments how option 1 or option 2 reflects the requirements? And why is option 2 untestable? What part?

	
	



Issue 1-2: Phase continuity tolerance
· RAN4 #101e agreement (in WF R4-2120003)
· Criterion to derive the tolerance:
· The degradation of performance for case with phase offset over case without phase offset.
· The performance gain of using joint channel estimation over not using joint channel estimation when phase offset is modeled.
· Run the simulations for the following cases:
· For Option 1 phase offset, consider offset [-X, X].
· X is in the range of 10 to 40.
· Option 1 phase offset means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· For Option 2 phase offset, consider offset [-X, X].
· X is in the range of 5 to 20.
· Option 2 phase offset means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate) 
· Duration of transmission repetition n.
· n = 8,
· other values, e.g., 12, 16, 32, are not precluded.
· Proposals on phase continuity tolerance for option 1 phase offset model 
· Option 1: [-20, 20] degrees (China Telecom, QC)
· Option 2: [-30, 30] degrees (China Telecom, Huawei)
· Option 3: [-35, 35] degrees (E///)
· Option 4: [-40, 40] degrees (Sony)
· Proposals on phase continuity tolerance for option 2 phase offset model 
· Option 1: [-10, 10] degrees (China Telecom)
· Option 2: [-15, 15] degrees (China Telecom, [HW])
· Option 3: [-20, 20] degrees (QC)
· Option 4: [-35, 35] degrees (E///)
· Option 5: [-40, 40] degrees (Sony)
· Recommended WF
· Agree to adopt [-30, 30] degrees with option 1 phase offset model?
	Company
	Comments

	China Telecom
	Support the recommended WF. 
The proposed numbers for Phase offset Option 1 are more converged compared to that for Phase offset Option 2. For Phase offset Option 1, [-30, 30] degrees is the option in the middle of different options. 
We should first to agree on the numbers, then we can decide which type of requirements to use.

	Ericsson
	The phase tolerance also relating to the repetition number relating to phase model of option 2. We donot see option 2 phase model is issue with repetition # 8 (in our paper R4-2201706) but the phase tolerance for option 2 will be less when repetition is 32 (not in the our paper).  If possible, RAN4 should discuss to deprio the phase model option 2 ( “colored” phase offset) as it gives difficulty on testing.
Agree with the recommended WF.

	Huawei
	Support the recommended WF.

	MediaTek
	If it was only considering pure phase offset and assuming that things like Frequency Error are removed by the Base Station before measurement, then 30 degrees may be reasonable to consider at least for FR1. However more clarity is required.

	Sony
	In general, we are fine with the recommended WF, though larger tolerance is observed from our simulations. However, we also support the comments from MTK for more clarifications. 

	Qualcomm
	It seems both options work well up to 8 slots and 20 deg phase. Not sure why option 2 needs to be ruled out since results are not shown as Ericsson comments. We also see it is a bit preliminary to choose the phase deg spec without having agreement on how this is specified. 

	Apple
	Our concern with the option 1 model is that it links phase offset to slot0, which could influence how we define the requirement if option 1 is agreed. As was discussed last meeting, the base station receiver can, by implementation, aggregate consecutive UL slots in a weighed average, thereby optimizing and reducing the impact of phase error in slot N vs. slot 0. We recommend focusing on identifying what slot-to-slot phase error is reasonable for base station receivers to tolerate, when aggregating N slots for joint channel estimation.



Issue 1-3: Power consistency tolerance
· RAN4 #101e agreement (in WF R4-2120003)
· Model of power variation
· For model of explicit power offset for the evaluation, Option 1 (uniform distribution) is agreed.
· For definition of the power offset, the following is agreed.
· For each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Power consistency tolerance
· Considering power offset [-X, X] dB in the evaluation.
· X is in the range of [1, 2 and 3.5]
· FFS on the time relate to this, e.g., whether it can assume max duration no longer than 21ms. 
· Proposals 
· Option 1: Reuse the existing power tolerance requirements defined in sub-clause 6.3.4.4 of TS 38.101-1/2, i.e., no new power tolerance requirements for JCE to be defined. (China Telecom, [E///], HW)
· CTC: 
· When 3.5dB power offset is modeled, the JCE performance degradation is very small compared to no power offset, in scenario of FR1 15 & 30 kHz, FR2 60 kHz with 16 and 32 repetitions.
· According to sub-clause 6.3.4.4 of TS 38.101-1 and TS 38.101-2, the aggregate power tolerance is defined as ±2.5 dB and ± 3.5 dB for FR1 PUCCH and PUSCH respectively, and is defined as ± 3.5 dB for FR2 PUCCH and PUSCH when the power is not smaller than intermediate power point 'Pint'.
· E///:
· 错误!未找到引用源。
· 错误!未找到引用源。
· QC: Amplitude variation has small impact on the throughput with JCE. 
· HW: Phase shift has greater impacts than the power shift to the JCE performance.
· Recommended WF
· No dedicated requirements for power consistency tolerance to be defined, if the maximum duration is no more than 21 ms. FFS the power consistency requirements if the maximum duration is more than 21 ms.
· Meanwhile, testing phase and power tolerances together by EVM method is not precluded pending on the discussion in sub-topic #3. 
	Company
	Comments

	China Telecom
	Companies’ simulation observations on the impact of power offset are quite aligned.
We support the recommended WF.

	Ericsson
	 In simulation ,the amplitude is modeled with the uniform distribution but in reality, the amplitude could follow the power control behavior and relating to the amplitude requriement to power control make sense. this at least could reduce the testing/design effort in one dimension.  There is no magic “21ms” from time period, though using any number below this gives the benefits of the maximum reusing the legacy design. 
We present the tolerance is limited by amplitude if it is modelled with “fix” change, so in worst case, it should not be interpreted that there is no power consistency tolerance but refer to existing power consistency tolerance.
The recommended WF could be modified with:

· for power consistency tolerance to be defined,  refer to power consistency tolerance, if the maximum duration is no more than [21] ms. FFS the power consistency requirements if the maximum duration is more than 21 ms.


	Huawei
	We prefer the recommended WF.

	Sony
	Our simulation also suggests the impact from power vacation is relatively small, so we are fine with no dedicated requirements for power consistency tolerance.

	Apple
	We agree with the moderator's proposal

	
	

	
	



Sub-topic #2: Maximum duration for DMRS bundling
Issue 2-1: How long is the maximum duration?
· Proposals based on simulation results for JCE performance impact by the phase/power offset
· Option 1A: 16 or larger slots for different SCSs, with a single maximum duration value (CTC)
· Option 1B: the upper bound of max duration should be 20ms (HW)
· HW: also considers the time window size for the existing power tolerance requirements
· Option 1C: determined by UE meeting the requirements set for DMRS bundling and up to UE capability reporting (QC)
· QC: With longer bundles with same phase variation in UE, more CINR is needed to achieve the same throughput. UE can report [4, 8, or 16] slots as maximum duration.
· Proposals based on frequency/time stability of UE
· Option 2: 32 ms, with a single maximum duration value, by considering the frequency/time stability of UE (i.e., the maximum time duration for the UE not adjusting its frequency/time) (E///)
· Proposals based on target application scenario for JCE
· Option 3: 8 slots for all frequency bands (MTK)
· MTK: Necessity of >8 UL slots for practical TDD and FDD operation questioned.
· Recommended WF
· Different numbers are proposed after the simulations and discussions in 3 meetings. 
· To progress, it is proposed to allow UE to report one supported value from the set of {8, 12, 16, [32]} slots, and the granularity of UE capability reporting is being discussed in Issue 2-2.
· Comments on the above recommended WF as well as the factor impacting the max duration are encouraged.
	Company
	Comments

	China Telecom
	Support the 2nd bullet in the recommended WF. We have no strong view on whether to include 32 slots as one candidate vlaue.

	Ericsson
	In test and requirement discussion, most likely the DUT will be tested with repeating on some bundles. Currently the phase offset is modeled with random nature over certain period of time and the statistical characteristic is only meaningful over a number of repetition slots. If one hardware design report 8-time-slots capability and be tested/measured with a rms phase offset X degree over 8 time slots, more bundles measurement repeating will make the measurement approach its “true” rms value in statistical sense. From statistical measurement perspective, the different reported number does not play much role in measurements and single number reporting seems more appropriated. 
To allow the reporting from a set of number {8, 12, 16, [32]}, some understanding of the factors to impact the maximum duration is needed.  The clock stability is one key factor to drive the selection of the maximum duration. But other factors like reusing the design and other also on the table.
To reporting the maximum duration with different SNR operating points makes things complex. It is better to separate the hardware characteristic test and performance of a certain phase/amplitude tolerance at base station. 

	Huawei
	We think that “allow UE to report one supported value from the set” is acceptable at least. 

	MediaTek
	We don’t see any value from a system level of > 8 slots. I believe the Sony document suggested that beyond 4 slots was not really useful even if we ignore all of the other things like changes in beam setting, insertion of DL slots, these “side events” that we keep discussing. Longer JCE bundles also increase the likelihood of gaps which will impact on UE battery consumption. We believe that going beyond 8 slots needs to be well justified before it can be agreed. 

	Sony
	Our simulation shows that the relation between JCE gain and the number of slots also depends on the bandwidth and number of DMRS. Larger number of RBs and DMRS tend to render the gain from the JCE (less gain from more slots), and vice versa. We are fine to further discuss if this can be defined as a UE capability.  

	Qualcomm
	Agree with Huawei, it should be based on UE capability. Maybe we can look more data and agree the way requirements re written to see what values are feasible.  
We should also align [319] where the proposals are 2 and 4 consecutive slots so if BS is not tested for 8, why UE has to support min 8 slots? 

	Apple
	We agree with the proposals to define a UE capability for the Maximum duration for DMRS bundling, and our proposal is to take the set of {2, 4, 8, 16, 32} as a starting point.

	
	

	
	

	
	



Issue 2-2: Whether the length of maximum duration is band specific or FR specific
· Proposals
· Option 1: Band specific
· Option 2: FR specific (CTC)
· Recommended WF
· As compromise, agree the following:
· The support of DMRS bundling feature is band specific, and the length of maximum duration for the band(s) supporting DMRS bundling is FR specific. 
	Company
	Comments

	China Telecom
	Support the recommended WF.

	Ericsson
	Seems the question itself relating the factors deciding the maximum duration. If the factors not band specific or not. To discuss this, we feel we need focus on the factors of deciding the maximum duration. The answer should be straightforward once the factors would be agreed.

	MediaTek
	I think we are still missing clarity on some concrete assumptions, but as a minimum it seems to make sense to have an FR specific duration. 
So far it seems the only thing we are discussing is whether it is possible to setup a test configuration in such a way to allow the UE performance to be verified with a certain capability in an ideal test condition. We are still unsure whether the same reported capability would be relevant in a field situation, given all of the real-world things that may impact phase continuity, and given that it is unclear what is expected in the end. 

	Apple
	Option 1

	
	

	
	

	
	

	
	

	
	

	
	



Sub-topic #3: Definition and testing of phase/power requirements
Issue 3-1: Definition of RF requirements
· RAN4 #101e agreement (in WF R4-2120003)
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value using JCE process.
· FFS EVM simulation assumptions.
· Option 3. Other options not excluded
· Encourage the test equipment vendor to provide the feedback on the testability of option 1 and option2.
· Proposals from satisfying the test purpose perspective
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets (HW, [CTC], Ericsson)
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value [using JCE process]. (QC, [E///])
· Note: whether to use JCE process in the test is discussed separately in Issue 3-3.
· QC: with 20 deg of phase variation and 2 dB amplitude variation, the EVM requirement for the JCE process could be set to 9 dB.
Table: EVM with 2 dB amplitude variation for DFT-s, X = phase variation (QC R4-2200338)
	Bundle length (number of slots)
	X=10 ⁰
	X=20 ⁰

	
	Option 1
	Option 2
	Option 1
	Option 2

	1
	-16.3
	-16.3
	-16.3
	-16.3

	2
	-12.1
	-12.2
	-11.1
	-11.7

	4
	-10.7
	-10.8
	-9.6
	-9.8

	8
	-10.2
	-9.9
	-9.0
	-8.4

	16
	-9.8
	-8.9
	-8.6
	-6.6


· E///: Discussion on EVM simulation are needed to set the EVM limit 
· CTC: For option 2 of defining UE requirement as EVM value, when around 3dB power offset is considered, the power offset will dominate the EVM and the impact of different phase offsets is not obvious.
· Proposals from the testability perspective
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offset (Rohde & Schwarz - option 1b, Anritsu - option 1b)
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly. (Rohde & Schwarz, Anritsu)
· Option 2: Define UE requirement as EVM value [using JCE process]. (Anritsu)
Summary of analysis from TE perspective
	
	Rohde & Schwarz
	Anritsu

	Option 1a
	
	Cons: Equation (1) can be simply used when transmitted signal s(𝑡_ref) and s(𝑡_meas) are the same. Besides, UE sends DMRS which is unique to time slot index in frame. For example, DMRS for slot #N is different from DMRS for slot #N-1. Therefore, Option 1a cannot use (1) simply, and then is not feasible.


	Option 1b
	Pros: The power and phase of the signal under test can be measured for each slot independently, with individual channel estimations for each slot.
	Pros: DMRS for slot#0 and slot#0 in the next frame (10ms later) is same. Option 1b is then feasible but under following conditions:
· UE sends the same data on DMRS and PUSCH on the same time slot index.
· not done in Test mode on UE side currently.
· Time window is 10/20/…ms which is equivalent to frame period.
· …

	Option 2
	Cons: The usage of a joint channel estimation across the whole duration goes against the currently defined process from TS 38.521-1.
	Pros: there are no requirements on the data that shall be loaded on DMRS and PUSCH in the slots contrary to Option 1. This flexibility allows a flexible time window duration and a reasonable number of slots is required even for high subcarrier spacing.



Assumption/possible implementation of the two options (Anritsu)
[image: ]
Figure 1 – Assumption/possible implementation of Option 1 (Anritsu, R4-2201840)

[image: ]
Figure 2 – Assumption/possible implementation of Option 2 (Anritsu, R4-2201840)

· Recommended WF
· Encourage comments on the above analysis.
	Company
	Comments

	China Telecom
	Our preference is option 1b, and probably we only need to define the phase offset requirements.
The implementation of Option 1 by Anritsu (R4-2201840) seems good, excepting that joint channel estimation among different slots is not needed. Regarding the issue that transmitted signal s(𝑡_ref) and s(𝑡_meas) are not the same for DMRS in different slots within a frame (raised by Anritsu), maybe we can consider only to derive the phase delta in the data symbols. It is no problem to transmit the same data in different slots for testing purpose, and the scrambling sequence for data is not related to the slot number.

	Ericsson
	These options differ how the channel estimation is done and whether the CFO is estimated over cross time slots or single time slots. Using the option 2 of cross time slots channel estimation and cross-time-slot CFO estimation will compensate the phase offset to some extent which is good for accumulated phase model. This is to help to modified to “colored” accumulated phase offset to a certain “white”. However, this investigation is done on 8 repetition, we have done 32 repetition case and found that the accumulated phase model still exhibits “colored” characteristic and thus the phase offset will be difficult to measure. Thus we suggest to depio the accumulate phase model.
The EVM metric will be questioned if considering the BS sensitivity on phase offset more than amplitude error. This perhaps mean the separately measurement on phase offset would be needed. 
For phase model of option 1, we did not observe too much difference on different way of channel estimation or cross/single time slot estimation. But maybe some weighting factors from test vendors. 

	Huawei
	We prefer Option 1b.
As analyzed in our paper and also pointed out by Ericsson, the EVM metric, which will mix up the phase continuity and power consistency level, cannot differ two UEs with different phase continuity behaviors. 

	MediaTek
	We think that an EVM approach is more suitable so prefer Option 2.
If we use another approach then it seems we would need to discuss many more details about how the test is setup before we agree on any value for power and phase consistency.
@Ericsson please see our comments in the other section about CFO across slots.

	Rohde & Schwarz
	From our point of view, the restriction posted by Anritsu that the DMRS need to be the same and thus only slot 0 and the same slot in a later frame can be used, does not apply, since the values for amplitude and phase can be taken directly from the channel estimation. The channel estimation can be done for each slot individually (as is already the case for “traditional” EVM), even when DMRS differs for each slot. From this channel estimation you can directly take the amplitude and phase value for each slot. There is no need for an IFFT as depicted by Anritsu. The values for each slot can then be further processed as proposed per Option 1a or Option 1b. 
For Option 2: The errors estimated by the channel estimation will translate into an EVM error, however this translation is not necessary since these values can directly be taken from the channel estimation for each slot. Also using a joint channel estimation across all slots is complicated and not aligned with current in-channel Tx procedures, requiring new procedures.
To keep it simple and be able to specify and test the requirement in time, defining an amplitude/phase error is preferable.

	Sony
	Similar concern as Huawei and Ericsson if EVM could distinguish the different impact from the phase and amplitude tolerance. Given the comments from R&S, it seems option 1B is a more proper solution. 

	Qualcomm
	EVM is our preference but we are open for other means as long as there is conclusive understanding how to set the requirement and test. To R&S and Anritsu, what is the phase testing accuracy 3GPP can agree for a test given that MU and TT needs a discussion and requirement seems to converge to +/- 20 deg without any amplitude accuracy requirement, see issue 1-2 and 1-3 
Out of the options here, we prefer option 2, and Option 1a. 

	Apple
	Our concern with Option 1b is that it links the requirement on phase offset to slot0, which could unnecessarily tie the requirement definition to one particular (and, potentially, sub-optimal, base station receiver implementation). As was discussed last meeting, the base station receiver can, by implementation, aggregate consecutive UL slots in a weighed average, thereby optimizing and reducing the impact of phase error in slot N vs. slot 0. Thus, the requirement should be defined on the slot-to-slot phase error over an aggregation window of N slots (where N could potentially be signaled by the UE as a capability). Based on this reasoning, Option 1b can be descoped.
We are fine to further discuss both options 1a and 2. 

	Anritsu
	Need a clarification regarding the proposal from Ericsson (Option 1)
As for the Ericsson’s proposal, our understanding is that the requirements will be defined in the time domain based on our understanding of the simulations shared from different companies including Ericsson.
But we suppose R&S is thinking about it in the frequency domain.
In a case the requirements are to be defined by time domain, then the previous indication from R&S does not apply. (We disagree with the R&S comments.)
If we can define the requirements by frequency domain, then we agree with the comments from R&S.



Issue 3-2: Reference point for phase/amplitude tolerance test
· RAN4 #101e agreement (in WF R4-2120003)
· The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1.
· FFS on the remaining details.
· Proposals
· Option 1: Define the reference point for phase/amplitude tolerance requirement in Figure 1 for both options of defining RF requirements in Issue 3-1. (E///, [Anritsu])


Figure 3: measurement point definition for the UE coherence transmission
· Recommended WF
· Encourage feedback.
	Company
	Comments

	China Telecom
	In Figure 1, there are two reference points. In our understanding, one is for DFT-S-OFDM, and the other one is for CP-OFDM. If so, option 1 looks fine to us.

	Huawei
	One more thing we would like to ask is the meaning of ‘H=Ae^jθ’? Does it stand for the phase & power shift generated by UE RF chain?

	Rohde & Schwarz
	In our understanding, if we define the requirement based on amplitude and phase, there is no need for equalization or IDFT, since the values can be taken directly from the channel estimation. So the reference point would be between “Channel estimation” and “equalization”.

	Anritsu
	Reference point may vary depending on the choice of options (1 or 2).
Our understanding is as follows.
Option 1: Reference point to calculate the phase continuity and power consistency is after IDFT (time domain).
Option 2: Before IDFT for CP-OFDM case. After IDFT for DFT-s-OFDM case.

	
	

	
	

	
	



Issue 3-3: DMRS for channel estimation in the test
· RAN4 #101e agreement (in WF R4-2120003)
· For the test implementation: 
· Option 1: Whether use all DMRS’s from all the bundled slots equally for JCE channel estimation?
· Option 1: Yes.
· Option 2: No.
· Option 2: Whether the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots?
· Option 1: Yes.
· Option 2: No.
· Option 3: To be further discussed based on issue 1-3-7.
· Proposals for test implementation
· Option 1: Use all DMRS’s from all the bundled slots equally for JCE channel estimation (QC)
· QC: receiver will be able to make more informed estimate of channel for better reception
· Rohde & Schwarz: The usage of a joint channel estimation across the whole duration goes against the currently defined process from TS 38.521-1.
· Option 2: The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots (CTC)
· CTC: The discussion on DMRS for channel estimation should be separated for the purpose of BS demodulation and the testing. For the testing of UE RF requirements, if JCE gain is counted, the measured phase offset will be smaller than the real phase offset caused by transmitter.
· E///: Focus on the channel estimation method discussion for Hardware impairment test and not the JCE receiver design.
· Option 3: If the basic assumption is that the channel is constant over the bundled time slots, in practice these two methods should not deviate too much in performance. (E///)
· Recommended WF
· Encourage further discussion, including the test feasibility for the two options.
	Company
	Comments

	China Telecom
	Option 2. 
In our understanding, the difference by the two options is also depending on the phase offset model used (as anayzed in E///’s paper R4-2201703) and type of requiremetns (EVM or phase/power tolearnce) defined.

	Ericsson
	We did not see too much difference in EVM using option 1 /2 for the phase model of option 1. This issue could be combined with discussion on the preference of the phase model option for Rel-17. We suggest to deprio the phase model of option 2 in Rel-17.  Thus we prefer the option 2 for test simplicity. 

	Huawei
	In general we are OK with Option 2. 
We think the purpose of the test is to measure the capability of a UE’s Tx chain maintaining a certain phase/power level among the repetition UL trans within a bundle. By using all the DMRS, JCE gain will be introduced at receiver. Then the test results will not reflect the real capability. Besides, we think the JCE algorithm will be handled in the BS demodulation thread (#319 NR_cov_enh_Demod_NWM) properly. 

	MediaTek
	Given that we hope that frequency error will be removed on a per slot basis, then I would assume that DMRS in all slots need to be used. 

	Rohde & Schwarz
	As explained above, we think using an amplitude/phase error requirement is preferred compared to an EVM requirement and channel estimation should be done for each slot. 

	Sony
	Similar understanding as Huawei that the test is to measure the capability of a UE’s Tx chain maintaining a certain phase/power level among the repetition UL trans within a bundle.

	Qualcomm
	With option 2, are the DMRSs in the consecutive slots then redundant and will not be scheduled? And RMC for DMRS bundling will be updated accordingly. It is difficult to understand why receiver and test would not use the information from all DMRSs since the intention was to improve the channel estimate by bundling DMRSs. 
So we prefer the option 1.  And it seems in [319] it says: “Define BS PUSCH demodulation requirements with JCE, while the detailed parameters should be set following RAN1 and RAN4 RF agreements..”
We would prefer to have one place to agree the requirements. 


	Apple
	Option 1. We are concerned that Option 2 oversimplifies the test case to a configuration which would never be deployed in the field, since expecting UL slot N to have X degree phase difference from slot 0 implies that the base station receiver only uses slot 0 for demodulating the entire bundle.



Issue 3-4: Impact of CFO in the test
· RAN4 #101e agreement (in WF R4-2120003)
· Assuming full compensation of CFO at the BS receiver.
· Further discussion needed on what is feasible in general here.
· Proposals for the testing: UE side
· Option 1: In DMRS bundling test for the UE, assume UE does not change the frequency during the bundle  (QC)
· MTK: Option 1 needs to be broader and the underlying test conditions for that assumption need to be discussed as well, and what “assumed not to change” actually means for a UE that has a frequency error requirement of+/- 0.1ppm.
· Proposals for the testing: BS/TE side
· Option 1: Frequency correction in the JCE test is slot by slot basis. (QC, Rohde & Schwarz)
· Option 2: Frequency correction in the JCE test is applied to the whole bundle. (QC, [E///])
· Recommended WF
· For UE side, agree on option 1?
· For BS/TE side, agree on option 1?
	Company
	Comments

	China Telecom
	· For UE side, option 1 is ok
· For BS/TE side, option 1 is ok. With option 1 considered in the receiver/BS/TE side, it seems the impact of the model in transmitter side is not significant.

	Ericsson
	For UE side, this is relating to the factor of the maximum time duration discussion. Option 1 seems fine if the DL signal SNR is high in test environment and thus the frequency error is kept small during the test. 
For BS, we think it should be implementation specific. 
For TE, This may relate to the EVM testing and phase model selection discussion. Both option 1 and 2 is fine but RAN4 need decide one for requirement setting. The option 2 compensate the phase offset in some extent and thus further simulation may be needed to decide the number in requirement. 

	Huawei
	Option 1 for UE/BS/TE side.

	MediaTek
	I would like to give my understanding here and then others can hopefully tell me where I am misunderstanding something. In the current EVM test I understand that frequency error (which could be as much as +/-0.1ppm) is supposed to be removed by the test equipment (BS receiver). So frequency correction at the UE is keeping the Tx signal within the 0.1ppm limits, and the BS receiver corrects that signal. This tolerance means that the BS receiver cannot make any assumptions about what actual frequency it will receive within this tolerance in my understanding in any slot, so would need to be detecting and removing frequency error in every slot I assume. Bearing in mind these points:
Can we assume that in the JCE test the BS receiver will still compensate for the 0.1ppm frequency error?
Given the above assumptions, what does Option 1 mean by “The UE does not change frequency during the bundle”? 
Also, if the UE stops trying to keep the frequency error within the +/-0.1ppm limits then it would mean that it may drift outside of those limits. Can we assume that the Base Station and test equipment will handle this?   

	Apple
	We agree with the MediaTek comment that we should not overlook the existing requirement on UE frequency error, and when we use the term "UE does not change frequency," we should mean "UE frequency remains within existing frequency error limits."  We don't believe that it is in the scope of the coverage enhancement feature to change this existing requirement.

	
	

	
	



Issue 3-5: Maximum time window for testing
· Proposals 
· Option 1: The maximum time window should be defined as 10 ms, to be aligned with the existing definitions in TS 38.521-1. (Rohde & Schwarz)
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	≤ 10 msec


· Recommended WF
· Related to the length of maximum duration in Issue 2-1. Maybe further explanation/elaboration would be needed for the above option 1. 
	Company
	Comments

	China Telecom
	We’d like to understand what’s the challenge to test >10ms Time window.
In the exisiting Aggregate power tolerance test, the time window is 21ms.

	Ericsson
	This time window for test need to be further clarified. Is this a measurement inverval relating to the maximum duration reported number or repeated measurement over # of bundles?

	Huawei
	Same questions as CTC and Ericsson.

	Rohde & Schwarz
	We can further discuss the time window. As currently defined in 38.521-1 Annex E, the signal is currently processed in chunks of 1 slot. Thus it would be easiest to keep the requirements within this timeframe.

	Apple
	It would be helpful to have a clearer definition of "time window," since joint channel estimation is discussed in the context of time windows of multiple slots in length.

	
	

	
	

	
	



Issue 3-6: Side conditions for UE RF requirement
· RAN1 #106-e-bis Agreement (in WI SR RP-213684)
· The action of gNB indicated TA commands constitutes an event that violates power consistency and phase continuity.
· RAN1 #107-e Agreement (in WI SR RP-213684)
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
· UE should not perform UE autonomous TA adjustment during the actual time domain window.
· Proposals 
· Option 1: 错误!未找到引用源。
· UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
· There is no TA command from network
· UE should not perform autonomous time adjustment
· Option 2: To not restrict the UE’s freedom to perform existing time/power adjustments during JCE window. (MTK)
· On autonomous timing adjustment: 
· Restricting the ability to perform autonomous timing adjustment at the UE may lead to other adverse performance effects that counteract the benefit of JCE.
· On power adjustment: 
· Phase continuity may be impacted due to Tx power changes due to changes in path loss estimates by the UE. The need for autonomous power changes when requiring coverage enhancement may be unlikely but the scenario needs to be addressed.
· A need to adapt P-MPR could occur during the JCE time window and the corresponding change to UE Tx power, may impact the UE’s ability to maintain phase continuity. However, if the UE were to be restricted from doing this, it may not adhere to SAR requirements which are important for health and safety.
· Recommended WF
· For other uplink transmission and TA command, encourage feedback or wording refinement on the proposals in option 1. 
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment, encourage feedback. 
	Company
	Comments

	China Telecom
	–	For other uplink transmission and TA command, in general, we support to reflect the RAN1 agreements in RAN4 requirements. 
For the bullet on TA, we suggest to update the wording as follows, considering the time for UE to take action for the TA command. 
· No network commanded TA takes effect

–	For autonomous timing adjustment, we support to follow RAN1 agreements to avoid additional discussion. Moreover, we don’s see much difference between the two options we discussed before, considering the following:
Typically the UE autonomous adjustment applies when the DL received timing (i.e., the propagation delay between the BS and UE) is changed. From this sense, option 1 (i.e., up to UE implementation, while maintaining the power consistency and phase continuity tolerance) and option 2 (The autonomous adjustment is not expected if DL timing is not changed) are identical.
The possible maximum change of propagation delay within a JCE bundle is very small compared to the Te.

	Ericsson
	There could be an overlap between RAN1 agreement and RAN4 requriement side condition, one place seems good enough and no need to repeat on RAN1 and RAN4 spec. 
For power adjustment, except the P-MPR, could rely on the power control requirement? For P-MPR, this is a system even from UE side which is similar with the TA event from network side, according to 38.101-1
“The UE shall apply P-MPRc for serving cell c only for the above cases. For UE conducted conformance testing P-MPRc shall be 0 dB”
So seems not a issue for testing, for system event discussion, may be better to refer to RAN1?

	Huawei
	For TA adjustment, we also think the existing RAN1 agreements should be considered and no more RAN4 discussion on this issue is needed.
For power adjustment, we feel it can be up to UE implementation, as long as the phase & power consistency can be guaranteed within the JCE bundle. 

	MediaTek
	So from the responses above, I understand then that the DL power from the network during the test case would be fixed to a consistent value, and then the JCE phase and power consistency would only be verified under this condition. 
Then in the field if the DL power level change or if some proximity detector detects a need for lower output power warranting an UL power level change, then it would be up to the UE whether to apply such a change or not and whether then the phase continuity is not maintained. 

	Apple
	Regarding Option 1, we are not certain how to prevent the UE from performing autonomous time adjustment, and we agree with the observation in Option 2 that restricting UE behavior in relation to this can lead to other consequences.
In general, Option 2 seems to be the practical starting point for developing the side conditions.

	
	

	
	

	
	


		
[bookmark: _Toc79478138][bookmark: _Toc79478142]Sub-topic #4: Requirements for non-zero gap in-between PUSCH/PUCCH transmissions
Issue 4-1: RF requirements for the non-zero gap in-between PUSCH/PUCCH transmissions
· RAN4 #101e agreement (in WF R4-2120003)
· On off power less than 1ms gap, down select  
· Option 1: RAN4 do not introduce new transmit off power. 
· i.e. no requirement applies during the gap.
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms. 
· FFS whether to and how to introduce measurement uncertainty.
· Proposals on OFF power for less than 1ms gap
· Option 1: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap. (QC, MTK, [China Telecom])
China Telecom: for option 1, we need to understand what is the expected UE output power during the gap, and we don’t hope the UE output power can be at an arbitrary level.
Qualcomm: Defining OFF power for the gap between the slots in the same bundle is conflicting with the premise of DMRS bundling work where the assumption was to keep the TX in ON state between the slots in the same bundle.
MediaTek: Clear majority view for this option provided at RAN4#101-e after discussion on alternatives.
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms, and FFS whether to and how to introduce measurement uncertainty. (China Telecom, E///)
· Option 2a: For option 2, considering to allow the LO leakage power for best spectrum efficiency. (E///)
QC: If OFF power measurement period is made shorter, the dBm value for OFF power should be relaxed.
· Option 3: The power for un-scheduled gap between slots in the same bundle can be either minimum output power (e.g., -40 dBm for small CBW) or then some value in between the OFF power and minimum power. (QC) 
· Note: FFS whether the option 3 implies that the existing minimum output power applies, or new OFF requirements are needed to be defined, for the gap.
· Recommended WF
· Encourage comments on the option 3, would it a compromise among different options?
· Also, discuss for option 2 that: 
· If the option 2a to allow the LO leakage power acceptable? 
· If the proposal to relax the OFF power due to shorter measurement period acceptable?
	Company
	Comments

	China Telecom
	We are fine with option 3 as a compromise. 
To our understanding, opiton 3 is not to define new OFF requirements and just clarifies that the minimum ON power applies.
Meanwhile, considering that the coverage limited UEs are in poor channel condition and with large path-loss to the BS, it is fine if some relaxation compared to the existing OFF power requirements is needed.

	Ericsson
	If to meet the OFF power, only the LO leakage would be except, this would be preferred solution at network side. Otherwise, it may need to discuss whether FDD band or TDD band. For TDD band, the OFF power more serious as it impact the other UE receiving, considering the low SNR for other UE receiving, relaxing the OFF power equally means allowing the system interference to other UE at cell edge. 

	MediaTek
	MediaTek provided analysis on this for a number of meetings that received some support but no other feedback. In the WF at R4#101-e that was proposed (not by MediaTek) to be taken off the table and to narrow down to agree either no requirement or the -50dBm requirement. In line with that WF, our preference would be to agree Option 1 above. It seems unreasonable now to start discussing new options. Otherwise what is the value of agreeing WF documents?

	Qualcomm
	If UE can not maintain phase continuity in any situation where there are flexible or DL symbols, how will the TDD work at all? So OFF power in a non-scheduled gap for TDD is not a concern here. 
Referring to R&S papers about the testing timeline, is there a proposals for detailed test conditions for OFF power for less than 1 msec? Would it be symbol level requirement? 
At this stage since we have not been able to agree any details but we are still in principle discussion and in next meeting we should only discuss about the cat-B CR language, we prefer not to introduce OFF power requirement. How else will rapporteur come up with all the text for CR for next meeting.  

	Apple
	Option 1

	
	

	
	

	
	

	
	

	
	



[bookmark: _Toc79478143]Sub-topic #5: Other issues
Issue 5-1: For UE autonomous timing adjustment
· RAN4 #101e agreement (in WF R4-2120003)
· Option 1: Up to UE implementation, while maintaining the power consistency and phase continuity tolerance.
· Option 2: The autonomous adjustment is not expected if DL timing is not changed. It is up to UE implementation if DL timing is changed. FFS how to capture this in RF requirement/test. 
· RAN1 #107-e Agreement (in WI SR RP-213684)
· UE should not perform UE autonomous TA adjustment during the actual time domain window.
· Proposal
· Proposal 1: Option 1 for UE autonomous adjustment (i.e., up to UE implementation, while maintaining the power consistency and phase continuity tolerance) is preferred. (China Telecom)
· Proposal 2: To not restrict the freedom of the UE to perform autonomous timing adjustment. (MTK)
· Recommended WF
· Follow RAN1 agreements.
	Company
	Comments, if any

	China Telecom
	We support the reommeneded WF, as commented under Issue 3-6.

	Ericsson
	Currently in simulation of phase tolerance, the autonomous adjustment is not considered. If it would be considered, the BS tolerance simulation assumption need to be updated. This phase offset caused by autonomous adjustment is different (linear increasing with increased subcarrier index).

	Huawei
	OK with recommended WF.

	MediaTek
	In order to understand if Proposal 1 would be acceptable, we need to understand if the DL timing transmitted by the TE would remain static or not during the test case. Also it should be noted that in the field the BS may need a wider timing window to cope with the fact that the UE timing is not being corrected during this time.

	Apple
	We recommend simply stating that UE autonomous timing adjustments are up to UE implementation, since field conditions cannot assume totally static DL timing over the entire duration of the bundled transmission.  We recommend that we should define the phase tolerance taking this into account.



Issue 5-2: DL slot(s) in-between repetition
· RAN4 #101e agreement (in WF R4-2120003)
· For the case of “with DL reception (including monitoring and/or measurements)”:
· FFS: Whether this case will be discussed in RAN4 anymore in Rel-17.
· RAN1 #106e-bis Agreement (in WI SR RP-213684)
· Support at least the following events that violate power consistency and phase continuity.
· ….
· DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
· ….
· RAN1 #107e Agreement (in WI SR RP-213684)
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
· Recommended WF
· Since the “with DL reception” scenario is not supported in RAN1, RAN4 shall not further discuss the scenario of “with DL reception” in-between transmission in Rel-17.
	Company
	Comments, if any

	China Telecom
	We support the reommeneded WF.

	Ericsson
	This scenario is for TDD where it would be meaningful for FR2 case. However, if there is no consensus on the tolerance requirement in this meeting, it may be difficult to discuss it in Rel-17 practically. But deciding in this meeting not to consider it may be still too “early”.  

	Huawei
	OK with the recommended WF.

	Qualcomm
	To Ericsson, this is second to last meeting of this WI, see R4-2200020. In this meeting we should make final agreements and next meeting look at CRs. Is it your plan to introduce new proposals in next meeting for this DL case even after we agreed last meeting that even special slots can not be allowed?
Agree with WF from moderator. 

	MediaTek
	Agree with the recommended WF.

	Apple
	We agree with the Moderator's recommendation



[bookmark: _Toc79478144]Sub-topic #6: Requirement text proposal and work plan
Issue 6-1: Requirement text proposal 
· Proposals on phase & power tolerance based requirements:
· Option 1: (E///, R4-2201704)
For the DMRS bundling in uplink coverage enhancement and for the same [reference] signal transmitted repeatedly in time slots during a time window defined in Table 6.4x-1, the maximum allowable difference between the phase and amplitude of the complex received signal in first time slot in one DMRS port and those in any other time slots is listed in Table 6.4x.-1 for the parameters defined in Table 6.4.2.1-2. The channel estimation is according to joint channel estimation  [Annex F in TS 38.101-1]
Table 6.4x-1: the maximum allowable difference
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	z msec



Table 6.4.x-2: Parameters for the maximum allowable difference
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	PCMAX,f,c in clause 6.2.4

	Operating conditions
	
	Normal conditions



The above requirements when all the following conditions are met within the specified time window:
- UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
- There is no TA command from network
· Proposals on EVM based requirements:
· Option 1: draft CR in R4-2200339. (QC)
6.4.2.1b	Error Vector Magnitude for [DMRS bundling]
EVM for [DMRS bundling] is calculated with a basic measurement interval defined by the UE’s capability [nSlotsBundledPUSCH]. Unless otherwise specified, the measurement conditions of 6.4.2.1 apply.
The RMS average of the basic EVM measurements over [all applicable symbols in] 10 [bundles] for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1b-1 for the parameters defined in Table 6.4.2.1-2. 
Table 6.4.2.1b-1: Requirements for Error Vector Magnitude for [DMRS bundling]
	
Parameter
	Unit
	Average EVM Level by number of slots [bundled together]:

	
	
	2
	4
	8

	Pi/2-BPSK 
	%
	30
	?
	?

	QPSK
	%
	17.5
	
	

	16 QAM 
	%
	12.5
	
	

	64 QAM 
	%
	8
	
	

	256 QAM
	%
	3.5
	
	


<Editors note, check w ran1 about other modualtions>
· Option 2: (E///, R4-2201704)
For the DMRS bundling in uplink coverage enhancement and for the same [reference] signal transmitted repeatedly in time slots during a time window defined in Table 6.4x-1, the maximum allowable EVM for the DMRS and data symbol in bundled time slots is listed in Table 6.4x.-1. The channel estimation is according to [Annex F in TS 38.101-1]
The basic EVM measurement interval in the time domain is across multiple bundled time slots for PUCCH and PUSCH in the time domain. 
Table 6.4x-1: EVM requirement
	Modulation
	EVM
	Time window

	QPSK
	x
	z msec



Table 6.4.x-2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	PCMAX,f,c in clause 6.2.4

	Operating conditions
	
	Normal conditions



The above requirements when all the following conditions are met within the specified time window:
-  UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
-  There is no TA command from network
· Recommended WF
· Encourage comment
	Company
	Comments

	China Telecom
	In case we cannot reach consensu on the type of requirement to be defined in this meeting, we need to bring CRs for both options in the next meeting.

	Ericsson
	1. EVM metric vs separate metric for phase /power; 
2. phase model of option 1 vs phase model of option 2; 
maybe we needs focus on these discussions first before the requirement text. 

	Huawei
	Little early to discuss on this point since we are against the EVM-like definition.

	Qualcomm
	Some modifications:
For the DMRS bundling in uplink coverage enhancement and for the reference signal transmitted repeatedly in consecutive slots during a time window defined in Table 6.4x-1, the maximum allowable difference between the phase and amplitude of the complex received signal in first slot in one DMRS port and those in any other time slots is listed in Table 6.4x.-1 for the parameters defined in Table 6.4.2.1-2. The channel estimation is according to joint channel estimation  [Annex F in TS 38.101-1]
And then where is the annex F text. It seems all the discussions are related to the JCE so it would be good to see that. If the spec is written this way, what is the meaning for “joint channel estimation” if phase and amplitude comes out the slot by slot channel estimation? 

	Apple
	With the number of open issues still under discussion, we believe it is premature to discuss CRs this meeting.

	
	

	
	



Issue 6-2: Work plan
· Proposals
· Updated RAN4 RF work plan for NR coverage enhancements WI in R4-2200020. (CTC)
· The work plan has been updated to capture the content of the RAN1/4 LS and RAN4 WF approved in the recent meetings.
· Recommended WF
· Any comments?
	Company
	Comments

	Qualcomm
	Agree with the schedule. 

	Apple
	We recommend postponing CRs related to the RF requirements until the next meeting to avoid introducing confusion into the open issues that are still under discussion.

	
	

	
	



[bookmark: _Toc79478145]Companies views’ collection for 1st round
Provided under each issue in section 1.2
[bookmark: _Toc79478146]Summary for 1st round
Sub-topic #1: Phase continuity and power consistency tolerance
Issue 1-1: Model of phase variation
Candidate options:
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
Tentative agreements:
Discuss the phase tolerance in Issue 1-2 directly.

Issue 1-2: Phase continuity tolerance
Candidate options:
· Phase continuity tolerance if option 1 phase offset model is agreed
· Option 1A: [-30, 30] degrees (China Telecom, Ericsson, Huawei, MTK, Sony)
· MTK: Clarify that this is pure phase offset and frequency error has been removed
· Phase continuity tolerance if option 2 phase offset model is agreed (QC, Apple)
· Option 2A: [-15, 15] degrees
· Option 2B: [-20, 20] degrees
Recommendations for 2nd round:
· Comfirm it is common understanding that: this is pure phase offset and frequency error has been removed.
· Further dicuss and down-select based on the candidate options in the WF sub-thread. 

Issue 1-3: Power consistency tolerance
Summary of round 1 discussion:
The recommended WF is agreeable to all companies, and E/// provided wording suggestion. Moderator suggest to make the following updates (changes are in red):
Tentative agreements:
· No dedicated new requirements for power consistency tolerance to be defined (i.e., the existing aggregate power tolerance applies), if the maximum duration is no more than 21 ms. FFS the power consistency requirements if the maximum duration is more than 21 ms.
· Meanwhile, testing phase and power tolerances together by EVM method is not precluded pending on the discussion in sub-topic #3. 
Recommendations for 2nd round:
Capture the tentative agreements in WF.

Sub-topic #2: Maximum duration for DMRS bundling
Issue 2-1: How long is the maximum duration?
Summary of round 1 discussion:
Majority companies support to allow UE to report one supported value from a set, and companies have different views on the numbers in the set. One company prefers single number reporting.
Options on the numbers in the set:
· Option 1: {8, 12, 16, [32]} (CTC)
· Option 2: beyond 8 slots not justified (MTK)
· Option 3: Also consider 2 and 4 (QC)
· Option 4: {2, 4, 8, 16, 32} (Apple)
Recommendations for 2nd round:
Further discuss in the LS sub-thread.
Issue 2-2: Whether the length of maximum duration is band specific or FR specific
Candidate options:
· Option 1: Band specific (Apple)
· Option 2: FR specific ([MTK], CTC)
· Option 3: The support of DMRS bundling feature is band specific, and the length of maximum duration for the band(s) supporting DMRS bundling is FR specific. (CTC)
Recommendations for 2nd round:
Further discuss in the LS sub-thread.

Sub-topic #3: Definition and testing of phase/power requirements
Issue 3-1: Definition of RF requirements
Candidate options:
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets (HW, CTC, Ericsson, QC, Apple, Rohde & Schwarz)
· Option 1a: relative to slot #n-1. (QC, Apple, Rohde & Schwarz)
· Option 1b: relative to slot #0 and define maximum duration explicitly. (HW, Rohde & Schwarz)
· Option 2: Define UE requirement as EVM value [using JCE process]. (QC, MediaTek, Apple)
· Note: whether to use JCE process in the test is discussed separately in Issue 3-3.
· Technical issues/questions raised by companies:
· Issues/questions for option 1:
· Rohde & Schwarz: We can directly take the amplitude and phase value from channel estimation for each slot. 
· Anritsu: the requirements will be defined in the time domain or frequency domain? Only if we can define the requirements by frequency domain, then we agree with the comments from R&S.
· QC: what is the phase testing accuracy 3GPP can agree for a test given that MU and TT needs a discussion
· Issues/questions for option 2:
· HW, E///, Sony, CTC: EVM could not distinguish the different impact from the phase and amplitude tolerances
Recommendations for 2nd round:
· Further discuss if option 1 is testable. If testable, go with option 1, and whether option 1a or 1b will be used is depending on the outcome of Issue 1-2 (Phase continuity tolerance).
· Capture the agreements (if any) in the WF.
Issue 3-2: Reference point for phase/amplitude tolerance test
Candidate options:
· Option 1: Define the reference point for phase/amplitude tolerance requirement in Figure 1 for both options of defining RF requirements in Issue 3-1. (E///)


· Option 2: The reference point would be between “Channel estimation” and “equalization”, since the amplitude and phase values can be taken directly from the channel estimation (Rohde & Schwarz)
· Option 3: (Anritsu)
· For testing phase and power offset: Reference point to calculate the phase continuity and power consistency is after IDFT (time domain).
· For testing EVM: Before IDFT for CP-OFDM case. After IDFT for DFT-s-OFDM case.
Recommendations for 2nd round:
· Further discuss and capture the agreements in the WF.
Issue 3-3: DMRS for channel estimation in the test
Candidate options:
· Option 1: Use all DMRS’s from all the bundled slots equally for JCE channel estimation (QC, Apple)
· Option 2: The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots (CTC, E///, HW, Sony)
· Option 3: Channel estimation should be done for each slot. (Rohde & Schwarz, [MTK])
· MTK: frequency error will be removed on a per slot basis
Recommendations for 2nd round:
· Further discuss and capture the agreements in the WF.
Issue 3-4: Impact of CFO in the test
· Proposals for the testing: UE side
· Option 1: In DMRS bundling test for the UE, assume UE does not change the frequency during the bundle  (QC, CTC, HW)
· Option 2: UE frequency remains within existing frequency error limits (MTK, Apple)
· A UE that has a frequency error requirement of+/- 0.1ppm
· Proposals for the testing: BS/TE side
· Option 1: Frequency correction in the JCE test is slot by slot basis. (QC, Rohde & Schwarz, CTC, E///, HW)
· Option 2: Frequency correction in the JCE test is applied to the whole bundle. (QC, E///)
Recommendations for 2nd round:
· Further discuss in WF sub-thread
· For UE side, check if Option 2 is agreeable.
· For BS/TE side, check if Option 1 is agreeable.
Issue 3-5: Maximum time window for testing
Candidate options:
· Option 1: The maximum time window for testing should be defined as 10 ms, to be aligned with the existing definitions in TS 38.521-1. (Rohde & Schwarz)
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	≤ 10 msec


· Comment to Option 1: what’s the challenge to test >10ms Time window?
Recommendations for 2nd round:
· Further discuss in the WF sub-thread
Issue 3-6: Side conditions for UE RF requirement
Tentative agreements:
· For other uplink transmission and TA command
· UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
· No network commanded TA takes effect
Candidate options:
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment
· Option 1: To not restrict the UE’s freedom to perform existing power adjustments during JCE window (MTK, Apple)
· Option 2: up to UE implementation, as long as the phase & power consistency can be guaranteed within the JCE bundle (HW)
· Option 3: Up to RAN1 design (E///)
Recommendations for 2nd round:
· Further discuss in the WF sub-thread

Sub-topic #4: Requirements for non-zero gap in-between PUSCH/PUCCH transmissions
Issue 4-1: RF requirements for the non-zero gap in-between PUSCH/PUCCH transmissions
Candidate options:
· Option 1: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap. (QC, MTK, Apple)
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms, and FFS whether to and how to introduce measurement uncertainty. (E///)
· Option 2a: For option 2, considering to allow the LO leakage power for best spectrum efficiency. (E///)
· Option 3: The power for un-scheduled gap between slots in the same bundle can be either minimum output power (e.g., -40 dBm for small CBW) or then some value in between the OFF power and minimum power. (CTC) 
· CTC: opiton 3 is not to define new OFF requirements and just clarifies that the minimum ON power applies.
Recommendations for 2nd round:
· Further discuss in the WF sub-thread

Sub-topic #5: Other issues
Issue 5-1: For UE autonomous timing adjustment
Summary of round 1 discussion:
· 3 companies (CTC, HW, E///) suggested to follow RAN1 agreements that: UE should not perform UE autonomous TA adjustment during the actual time domain window.
· 1 company (Apple) prefers to let it up to UE implementation, while maintaining the power consistency and phase continuity tolerance.
· 1 company asks if the DL timing transmitted by the TE would remain static or not during the test case.
Recommendations for 2nd round:
· Further discuss in WF sub-thread
Issue 5-2: DL slot(s) in-between repetition
Summary of round 1 discussion:
· 5 companies (CTC, HW, QC, MTK, Apple) support the following WF, while 1 company thinks it is too early to make decision. 
· Since the “with DL reception” scenario is not supported in RAN1, RAN4 shall not further discuss the scenario of “with DL reception” in-between transmission in Rel-17.
Recommendations for 2nd round:
· Further check if the following is agreeable in the WF sub-thread
· Since the “with DL reception” scenario is not supported in RAN1, RAN4 shall not further discuss the scenario of “with DL reception” in-between transmission in Rel-17.

Sub-topic #6: Requirement text proposal and work plan
Issue 6-1: Requirement text proposal
Moderator’s recommendation:
Thanks QC and E/// for the detailed text proposal for both options. Given the tight time for round 2 discussion, it is proposed to not further discuss the CR text in this meeting. 
Could QC or E/// experts help to prepare the formal CR to the next meeting?

Issue 6-2: Work plan
Summary of round 1 discussion:
Apple commented to postpone CRs related to the RF requirements until the next meeting, which is aligned with the work plan in R4-2200020. 
Tentative agreements:
The work plan in R4-2200020 is agreeable. 

[bookmark: _Toc79478148]Discussion on 2nd round
Reply LS
R4-2202368	Reply LS on Maximum duration for DMRS bundling
					Source: Qualcomm
Abstract: 	
to RAN1, RAN2.
Discussion: 
QC: The draft LS reply is in here. Since opinions are diverse, I have included two options. These represent some form compromises.
There are two open issues, maximum duration number and the options are
· Option 1: {8, 12, 16, [32]} (CTC)
· Option 2: beyond 8 slots not justified (MTK)
· Option 3: Also consider 2 and 4 (QC)
· Option 4: {2, 4, 8, 16, 32} (Apple)

For the number, if the maximum duration is a capability and all values are optional, as long the value is in the list, UE can choose what it supports. Hope with this MTK can compromise included values up to 32 but with 8 in the list. We could narrow down to 4, 8 and 32. 

For the feature level, band, FR or UE. Our preference is that max duration is per band but we can compromise to having max duration as per FR but the feature capability is per band what was CTC proposal.   

Please try not to make revisions on improving language too much, it just degrades the readability. We should primary agree the two big issues above and if the language contains some information, then address that information before making your revision in the language and possibly burying the essential information you wished to change behind the language barrier.   
MTK: 
Apologies I missed this email and proposed an update, essentially proposing that we agree values of 2, 4, 8, and indicate that we are still considering applicability of 16 and 32 slots.
The rationale is that we still really question the relevance in practical deployments of going to 16 or even 32 slots. In a practical TDD deployment it seems highly unlikely that you would configure 16 slots in UL with no DL in between. And in FDD bands the coverage compensation required in UL seems to be lower than for TDD in my understanding. Then also the longer the bundle the more these “events” are going to cause other performance impacts in a practical deployment, so just increases the overall uncertainty of the JCE performance in our view. And finally, it is questionable whether going to such large bundle sizes is justified by the gains.
Also, we are still discussing the impact of different imperfections to phase tolerance, so from a complexity perspective it seems too early to really understand the typical operating point of this feature vs phase tolerance.
So for now we would prefer to leave 16 and 32 FFS. Hopefully things become clearer even in the remainder of this meeting and our view may change then.
China Telecom:
I uploaded an revision in R4-220xxx Reply LS on Maximum duration for DMRS bundling_MTK_CTC.docx, which added back 16 slots and still leave open for 32 slots.
Regarding the JCE gain with 16-slot bundle size, QC provided results in the last meeting, HW and CTC provided results in this meeting. All the results show obvious gain, so we don’t need to worry about it. 
We also simulated 32 slots, but we can leave 32 slots open as a compromise.
In addition, I agree with Ville that as long the value is in the list, UE can choose what it supports. 
Hope we can go with this version.

MTK:
These simulations were all assuming 0.0ppm frequency error from the device in my understanding. 
The UE has a frequency error tolerance of 0.1ppm, and we have 1) no idea whatsoever at this stage that the Test Equipment is going to correct for this frequency error in the JCE test, and 2) if it does so, we do not know how often will it make an estimation and using what method. Until those questions are answered and we understand the resulting impact on the actual phase error (or whatever measurement we define in the end), then feasibility still seems to be in question from our perspective.
Please also consider the “relevance” part of my previous email.
Based on these aspects, we would propose to keep to a max of 8 slots.
China Telecom:
For the CFO, I remember that we agreed to use 0.1 ppm in the simulation in previous meeting.
For the “relevance” part, I did not reply since I feel it is RAN1’s responsibility. In this week, RAN1 has made the following agreement. Although the [32] is in bracket and pending on RAN4 feedback, I assume RAN1 think it is relevant.
[image: cid:image001.png@01D80F17.89748950]

E///:
I am wondering why we would make a big set to support the maximum duration? Would it be simpler for the BS schedular considering only a limited set? For example, why number 2 is listed here while it has already been out /agreed in previous LS response to RAN1? The more reported value, the more complex to design the scheduler and increasing the complexity at BS side.
I understand there is uncertainty at UE side so seems more choice is sweet but considering the BS complexity, suggest to lower the numbers in set, our preference is single number 8.  If not, alternative is [4, 8], no more.
MTK:
I don’t think that CFO of 0.1ppm was considered without it being fully compensated by the Base Station in simulations. Maybe others can confirm.
MTK:
Just to follow up. In our simulations, with uniform distribution and assuming full compensation of CFO at the receiver, we found that JCE performance up to approx. 30 degrees was working
Other companies seem to be getting similar results to that.
China Telecom:
The following was agreed in RAN4 #99e, and we modelled CFO in our simulation. 
[image: 说明: 幻灯片5]

Nokia:
Just to ensure we are all on the same page, are we aiming at selecting one of the two options before finalizing the LS?
If yes, then from our perspective we should consider what RAN1 has agreed so far to maximize the relevance of RAN4’s input on this important aspect:

· First, following the concept of nominal and actual time domain windows (TDWs) determination in RAN1, the nominal TDW length cannot be greater than maximum duration. 
· Second, in TDD, with a small nominal TDW length, e.g., 2 slots, the actual TDWs will be unnecessarily fragmented. Indeed, as illustrated in Case 1 of the following figure, with maximum duration = 2 slots, the actual TDW are fragmented into single-slot actual TDWs, i.e., no DMRS bundling can be applied, which leads to no enhancement as compared to legacy operations. In contrast, no actual TDW fragmentation in Case 2 with larger maximum duration occurs. It is worth noting that, although the maximum duration is 8 slots in Case 2, the maximum slots for DMRS bundling (i.e., the maximum actual TDW length) is only 2 slots in this example.
[image: cid:image003.jpg@01D80EEA.B05DC0E0]

· Third, we are not sure the argument brought by Mediatek is relevant in this context. While of course technically sound, it seems not practically relevant. Setting a maximum time duration larger then 8 slots allow NW to configure a TDW larger than 8 slots to ensure that some U slots can indeed be bundled together. Please remember that RAN1 applies the TDW over a number of consecutive slots starting from a lot that could be transmitted or not (depending on some rules). Hence, if some of the U slots are not transmitted (e.g., due to collisions), and considering the presence of D and S slots in the sequence of consecutive slots inside a TDW, then UE may never find at least two consecutive slots to bundle if we have max duration equal to 8! Consider for instance the following sequence 
U D D S U U D D S U U D D S U U,
where the first U slot is the first available slot for PUSCH. Assume that the second U slot is not transmitted due to collisions with other UL channels/signals, e.g., PUCCH. The TDW would start from the first U slot nonetheless, and would include the following slots (where X means collision) 
U D D S X U D D.
As you can easily see, no bundling would ever occur in this case, because there would not be any back-to-back U slots to this end. This shows why the maximum time duration must be (much) larger than 8 in most cases to allow JCE to be performed at least once or twice within TDW. 
· The above is considered TDD. However, if we switch the focus to FDD and consider the likelihood of observing 8 consecutive and available U slots in such case, we can safely state that it is extremely low, if not zero, in practice. Hence all concerns related to possible uncompensated impairments, and their impact overtime, seem not relevant in this case as well.

For all the above reasons, we think that Option 2 should be picked and, in this context, In addition, the word “slots” should be added in the sentence “…, maximum duration can be 8, 16 or 32 slots”, for clarity.

QC:
So here is what I read. 
1. I can not find any comments if this max duration is per band or per UE with the DMRS bundling as band dependent capability. Nokia seems to prefer option 2 but not for this reason
1. Chunhui, where we have ruled out 2 slots? I don’t think we have any LS explicitly stating what max duration can be over all corner implementations and cases
1. There seems to be discussions about simulations in this LS thread and looking at the WF discussion and options in it for simulations and how to even set the requirements for the UE, this issue is still open in ran4
So as conclusion, if we have to send LS on this maximum duration in this meeting, we need to have flexibility i.e. many values and then the value needs to be band dependent. For example if the CFO is part of UE requirements and not compensated in the TE, then the 0.1ppm represents significantly different phase slope at higher frequencies so I do not see how UE can be expected to meet the same number of slots with over almost decade of frequencies (600 MHz to 6 GHz). If that flexibility is not ok for Ericsson, then we should wait until we have concluded a proper requirement and done simulations that we can compare. 

To that point, when we will gather the simulation data together for proper comparison? Normally we do that and even have templates for shared data. Now the discussion seems to be “we  simulated this and it was ok”. It is hard to agree anything like that.  

And not sure what to say to Nokia about the DL and special slots in between UL slots that are part of the same bundle after so explicitly precluding this case. 

So final draft v01 is here. 

E///:
Oops, you are correct. in one of LS version near the end we have agreed the candidate set is [8 32] but I lost track of final version by some reason. But I think we need also consider the BS scheduler complexity and should not allow too many flexibility value due to UE performance uncertainty.

Maybe a question on the CFO estimation and compensation on TE side, I am not sure I understand, TE will do RF correction like the legacy. In legacy , UE perhaps will not make freq adjustment during one time slot and best fit for CFO estimation per time slot;  the same here, freq adjustment is not expected during the bundle, but what we can do if one UE want to do it? Fail a “good” UE may be the only result which is not necessary.  The timing adjustment /frequency adjustment only takes out the tolerance budget and I am not sure I understand the rationale that UE makes these event happen during test and at the same time could declare the maximum duration.  0.1ppm is considered in system simulation, but not freq adjustment, neither timing adjustment in system simulation.  
MTK:
The LS saying that we have concluded seems to stretch things a bit. It seems instead that we are agreeing some values into the spec based on the fact that we don’t know what the relevant range of values would be. I do not particularly like this approach as it means we may pick values that are not relevant, but I acknowledge that RAN2 need to finalise the ASN.1 coding. 
Maybe some alternatives that can help to avoid RAN2 delays:
1. We stick to values of {2,4,6,8} slots in Rel-17, based on the lack of evidence (at least nobody has convinced MediaTek yet) that going beyond that has much practical benefit. Note that in the Nokia explanation below it seems that, based on RAN4 agreements, max 4 slot duration would be of benefit.
1. We agree {2,4} slots, and ask them to reserve 2 more spare values and, if we agree to go beyond 4, then we confirm what the additional values are as soon as possible.
Chunhui, if the frequency correction is done over N slots instead of 1 slot, then I assume that the level of accuracy of the frequency correction will not be as good as in the current EVM test, so we would need to take that into account. I also think that if the DL signal is stable, then the UE will not have a need to do its own attempted frequency correction anyway. So from test case perspective fine, but then in the field the longer the bundle the more potential correction the UE would ideally do (so another reason to keep to a conservative max value).
China Telecom:
We are ok with the current version of LS, and one minor editorial comment (to add “slots” below):
4, 8, 16 or 32 slots

For the CFO part, by reading the comments in WF thread and also in this thread, if I understand correctly, Chunhui and Tim’s proposals (below) do not conflict with each other. 
· UE not to do frequency adjustment
· The frequency error still exists, and will be corrected by TE at per slot basis (similar to the legacy way). 

For the “relevance” of the target scenario, I still think it is RAN1’s job. If needed, we can also say that: In RAN4, company asks the usage of larger numbers beyond 8 slots in practical networks. And then let RAN1 to decide whether to consider > 8 slots. 

China Telecom: I am sorry that we are a late comment, and would like to change the candidate number of “4” to “5”, considering the use of JCE in TDD scenario.

The figure below illustrates the situation for TDD “DDSUU”, it can be seen that when maximum duration equals to 4, there will be a break point which break the bundle of two UL slots. However, when maximum duration equals to 5, there will be no such break point. 
[image: ]
Illustration for DDSUU

Please check the revision R4-220xxx Reply LS on Maximum duration for DMRS bundling_Final_Draft_v01_CTC.docx with the above update, which also added “slots” and clarified the single value is by UE reporting.
Sorry for the late update, and thanks very much for your consideration!

QC: I am ok with this but see the LS we have sent last meeting R4-2120002

Question 1: In additional to scenario 1 and 2, does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3?  
In RAN1 understanding, regarding to the “downlink reception”, there are actually three scenarios: 
· Scenario 1: downlink or flexible symbols with actual DL transmission from gNB to UE, with/without DL monitoring occasion configured
· Scenario 2: downlink or flexible symbols without actual DL transmission from gNB to UE, but with DL monitoring occasion configured
· Scenario 3: downlink or flexible symbols without DL monitoring occasion configured

Besides the above, RAN1 also like to clarify that any DL measurement that a UE needs to perform is also included in “downlink reception”. 
RAN4 answer: For scenario 3, UE needs to prepare for the reception of DCI triggered DL for flexible symbols therefore it needs to retune the RF for reception and therefore loses phase continuity. Therefore scenario 3 is included in the “downlink reception”. 
So in your picture, the “D” and “S” can not be in between the two “U” that part of same bundle. 
In the frame structure DDSUU maximum bundle size is 2. So I don’t really understand why does this 4 or 5 here matter for this case. 

China Telecom:
There are two methods defined in RAN1 to count the slots for PUSCH.
You are right the max duration can be 2 slots, if “available” slot based counting is applied.
Meanwhile, if “physical” slot based counting is applied, as in the figure below, when the UE max duration and “configured” time domain window is 5 slots, the “actual” time domain window (i.e., actual duration for JCE) is 2 slots. This is because the “D” slots will be an event that violates power consistency and phase continuity, and breaks the TDW.

MTK:
Please can you then tell me why 4 or 5 slots is relevant here? 
What we are defining requirements for is the UE capability to maintain phase over a certain number of consecutive UL time slots from the start to the end of a transmission bundle and without events occurring that would break the phase continuity during that period. If the network configuration is such that there will always be a systematic event after 2 slots, if one UE reports a capability of 2 slots, and another reports a capability of 4-5 slots, what would the difference be there?

China Telecom:
Thanks for the question.
It seems not easy for us RAN4 people to closely follow the RAN1 design (at least not easy for me).
In the 2nd figure below, we added the case when one UE reports a capability of 2 slots as you suggested. And in that 2-slot capability case, the actual TDW for JCE is 1 or 2 slots, with more breaking points compared to 4-slot duration capability. 

[image: ]
When configured TDW = max duration = 4, actual TDW =  1 or 2
When configured TDW = max duration = 5, actual TDW =  2 (no breaking point)

[image: ]
When configured TDW = max duration = 2, actual TDW =  1 or 2

Dicussion in 24th Jan GTW 
Discussions:
Mediatek: we are not completely clear on 16 and 32. We are not sure if we concluded. We need discussing further to ensure that RAN1 and RAN4 have consistent understanding. This discussion on the reflector seems that people want to have downlink slots in-between by asking for longer length.
China Telecom: we can put 32 in []. We would like to keep 16. This is phase offset without CFO impacts. We can further discuss the CFO issue to address Mediatek concern. Should we show the justification in the next meeting or just make decision?
Ericsson: Now the situation is like fish market. If we do not know what the factors impact the maximum duration, UE can report everything. In this case RAN4 won’t discuss the factor impacting maximum duration, we can choose the highest number to reduce the BS complexity. We propose the highest number of 32.
ZTE: Tend to agree with China Telecom. It is UE capability. RAN4 just provides possible configuration value and it is up to UE to report.
Mediatek: Cannot agree just one value 32 only, which is even worse.
Qualcomm: We can agree with LS context originally. We can tend to agree that there is fish market right now.
InterDigital: we can say a number of bits which should be reserved to RAN2 and RAN4 will further discuss the feasible values.

Agreement in 24th Jan GTW:
· The maximum duration will be reported per band
· Ran4 will further discussed the feasible value(s) for maximum duration, considering the following 
· 5, 8, 16 or 32 slots.
· Send LS to RAN2 to indicate that UE reports the single value from a set of up to 4 values, and RAN4 does not consider the value more than 32 slots for the capability for maximum duration.

Email discussion after GTW
QC: 
I did not upload the final since I suspect some of the agreements we made during the GTW may have gone unnoticed. Here is the agreement and hope you can read the color coding below. 
Agreement:
· The maximum duration will be reported per band
· Ran4 will further discussed the feasible value(s) for maximum duration, considering the following 
· 5, 8, 16 or 32 slots.
· Send LS to RAN2 to indicate that UE reports the single value from a set of up to 4 values, and RAN4 does not consider the value more than 32 slots for the capability for maximum duration.

Cyan: So this is for RAN2. I added Ran1 as CC. I am not sure if the plan was to make a statement from RAN4 to RAN1 about physical/available slot counting issue(?)

Purple: There is an future and imperfect following each other and last part is in present. I do not want to complain about English in principle but I do not know what was the intention. Do we plan to say 1) we will discuss more in the future or 2) we did discuss and concluded or 3) we are in the middle of the discussion?  I chose the mild 3 in the still draft version. 

China Telecom:
For Cyan part, in our understanding, we need to send the LS “to” RAN1 as well, according to the following agreement in thread 139 on UE feature (reached on Jan 18th GTW). Sorry that I forgot to comment on this in today’s GTW session.
Issue 5-1: Maximum duration of UE transmission for joint channel estimation
Agreement: no need to capture the feature in RAN4. Provide the feedback to RAN1 to capture the values.

For Purple part, I am ok with your decision to chose the mild 3. 

E///: We are fine with below changes and seems fit better current situation.  My feeling from GTW is that no companies show confident on any of these values and seems below wording better reflect where we are in RAN4.

Ran4  will further discuss the feasible value(s) for maximum duration and has considered the following:
R4-220__2368 Reply LS on Maximum duration for DMRS bundling_EAB.docx

China Telecom: Chunhui’s updated wording is ok to us.
I added RAN1 in “to” list in R4-220__2368 Reply LS on Maximum duration for DMRS bundling_EAB_CTC.docx, according to my feedback in the previous email.

MTK: It is “we are still in the middle of the discussion”. 
From that perspective I would say “Values RAN4 being considered are 5, 8, 16 or 32 slots.”

MTK: I made a small update to align the “values considered” text. I sent a mail some time ago but I don’t see it on the reflector.

Recommendation:		Agreeable

WF
R4-2202418	WF on phase continuity and power consistency for PUCCH and PUSCH transmissions
					Source: Huawei, HiSilicon
Discussion: 
Issue 1-2: Phase continuity tolerance
WF recommendation:
· Down select between the following two options: 
· Option 1: Adopt [-30, 30] degrees if Phase offset Option 1 in Issue 1-1 is agreed.
· Option 2: Adopt [-15, 15] degrees if Phase offset Option 2 in Issue 1-1 is agreed.

Company feedback
	Company
	Comments

	Apple
	We are still concerned with the Option 1 model and recommend removing it

	MTK
	This cannot be agreed in isolation from other test conditions and assumptions.

	Ericsson
	Option 1. 
For option 2, the rms phase error for [-15, 15] is 8.3 degree, EVM of QPSK is 17.5% corresponding to 10 degree rms phase error. This really give question on the testability and also additional implementation constraint because of the test uncertainty. Companies have good alignment on the option 2 model tolerance and sees it is less tolerated for such model. If LS on maximum duration is not long, phase model option 1 seems a good enough model and thus is preferred.

	MediaTek
	Apart from the comments we made before, it needs to be clarified if this is for QPSK signals. 
Note also that the maximum duration capability reporting maybe needs to be split between QPSK, BPSK, pi/2 BPSK?

	Ericsson
	The limited PRB size is already constrain the usefulness of the NR Cov-enh feature, so for BPSK, even less useful. We did not simulate BPSK though.

	Huawei
	Option 1. And we think a unify requirements for all above modulation order is enough.

	HW
	Considering both comments from Apple and MediaTek, I will leave two options here.



Issue 3-1: Definition of RF requirements
Candidate options:
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value [using JCE process].
· Note: whether to use JCE process in the test is discussed separately in Issue 3-3.

Main Technical issues/questions raised by companies:
· Issues/questions for option 1: 
· One possible TE implementation: directly take the amplitude and phase value from channel estimation for each slot.
· If the requirements are defined by frequency domain, then the above implementation can be agreed
· What is the phase testing accuracy 3GPP can agree for a test given that MU and TT needs a discussion.
· Issues/questions for option 2: 
· EVM could not distinguish the different impact from the phase and amplitude tolerances.

WF recommendation:
· Discuss whether the test should be conducted in time domain or frequency domain:
· Option 1: Time domain.
· Option 2: Frequency domain.
· Down select between Option 1a and Option 1b if majority thinks that Option 1 has no testability issue. Whether option 1a or 1b will be agreed is also depending on the outcome of Issue 1-2 (Phase continuity tolerance).
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.

Company feedback
	Company
	Comments

	Rohde & Schwarz
	Prefer Option 2: The measured values are independent of phase and time domain, but definition in frequency gives more options. In the time domain it would only be possible on identical symbols, in the frequency domain the channel estimation would have much better accuracy, since it covers all symbols in a slot. So we would be free to choose either option 1a or 1b.
Option 1a or Option 1b, no strong opinion, values are measured for each slot. The slot comparison is then simple post processing.

	China Telecom
	we are ok to test in frequency domain, so that “The channel estimation can be done for each slot individually. From this channel estimation you can directly take the amplitude and phase value for each slot” as explained by R&S and Anritsu in the 1st round. We would encourage other companies also to check if this is agreeable. If agreeable, other related issues can be resolved easier.
Option 1a or Option 1b, no strong opinion.

	Anritsu
	We agree with Rohde & Schwarz’s proposal of conducting test in the frequency domain, it would allow a simpler implementation.

	Huawei
	Conduct in frequency domain seems a good way. We have not found any potential issue on this approach yet. But we would like to hear more feedback from other companies.
Option 1a or 1b, no strong opinion.

	Ericsson
	Option 1b.
For option 1a, this option seems to corresponding to accumulated phase model and it seems the accumulated phase mode has testability issue and if issue 1-2 is to select option 1. 
This model also can be  “forgiveness” on accumulated phase model otherwise should be detected (BS  JCE  receiver more sensitive to accumulated phase than uniform/guassian). This is another drawback for this model.

	Ericsson2
	My understanding on R&S is that all symbols means both Data and reference symbols, and data symbol for CP-OFDM not DFT-OFDM.  We are fine if we would agree only CP-OFDM will be tested/required. But if the purpose is to improve the channel estimation accuracy, and DFT-OFDM is not excluded, seems the reference point could be defined further after the equalization.
We prefer option 1b. For option 1a, this option seems to corresponding to accumulated phase model and it seems the accumulated phase mode has testability issue and if issue 1-2 is to select option 1. 
This model also can be  “forgiveness” on accumulated phase model rather than phase offset should be detected (BS  JCE  receiver more sensitive to accumulated phase than uniform/guassian). This is another drawback for this model.

	China Telecom
	Then for testing the phase offset, if it is agreeable to estimate the phase offset in frequency domain as suggested by R&S and Anritsu, we can directly take the amplitude and phase value from channel estimation for each slot (and for DMRS symbols). In such way, the channel estimation is done per slot.





Issue 3-2: Reference point for phase/amplitude tolerance test
Candidate options:
· Option 1: Define the reference point for phase/amplitude tolerance requirement in Figure 1 for both options of defining RF requirements in Issue 3-1. 


· Option 2: The reference point would be between “Channel estimation” and “equalization”, since the amplitude and phase values can be taken directly from the channel estimation. 
· Option 3: 
· For testing phase and power offset: Reference point to calculate the phase continuity and power consistency is after IDFT (time domain).
· For testing EVM: Before IDFT for CP-OFDM case. After IDFT for DFT-s-OFDM case.
WF recommendation:
· Down select among the above three Options and consider Issue 3-1 at the same time.

Company feedback
	Company
	Comments

	Rohde & Schwarz
	Prefer Option 2: See same arguments as above.

	Ericsson
	Question for Option 2, do we only consider DMRS reference signal or DATA also considered? Seems if included DMRS seems fine, but if DATA is included, the nornimal data selection is selected based on “closest constellation point” so seems equalization cannot be avoided? Maybe this is a question on TE vendor.


	Huawei
	If we deside to do the test in frequency domain, Option 2, otherwise Option 1.



Issue 3-3: DMRS for channel estimation in the test
Candidate options:
· Option 1: Use all DMRS’s from all the bundled slots equally for JCE channel estimation.
· Option 2: The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
· Option 3: Channel estimation should be done for each slot. (frequency error will be removed on a per slot basis)

WF recommendation:
· Further discuss on Option 1, Option 2 and Option 3. depending on selection of issue 3-2.


Company feedback
	Company
	Comments

	Apple
	In our understanding, Option 2 is not based on the correct undertanding of the joint channel estimation feature, since it assumes that the BS receiver would not make use of any of the DMRS transmitted by the UE after slot 0. We recommend removing this option.

	MTK
	Some more clarification is appreciated here. In the EVM test today the frequency error is removed per slot (Option 3). But we also assume that for JCE there will be some measure of EVM pr phase/power that covers the bundle (Option 1 or 2). Could both processes be done in parallel with different measurement periods (slot and bundle)? It needs to be understood then what the resulting impact on phase would be to then identify how to set the final requirement for the UE. 

	Apple
	We don't understand how frequency error can be removed per slot. Is ths an assumption on the test equipment?

	MTK
	I am basically asking if the same EVM RF correction process can take place as in the existing test, and then if the JCE evaluation process can take place following that correction process. In 38.521 section E.2.2 for the EVM test setup it says: From the acquired samples 10 carrier frequencies can be derived by averaging frequency errors for every 1, 2 or 4 slots for 15, 30 and 60 kHz SCS. 
So at least for 15kHz SCS it seems to be 1 slot. Question I have is then whether, after that per slot correction is performed, the JCE evaluation can be performed on the corrected signal.

	Nokia
	It is too early to preclude Option 1 at this stage. For a short actual time domain window, option 1 should provide better performance and can be tested. In addition, do we need to down-select to only one approach right now?

	Rohde & Schwarz
	Option 3: Channel estimation should be done per slot, see above. Channel estimation over many slots is only reasonable if there is no big difference in phases among the slots involved, so we should stay with the per slot approach.

	Huawei
	At least not agree on Option 1. This feature requires gNB to conduct joint channel estimation at receiver while UE under repetition. That’s where the gain comes from. AND for UE transmitter, certain phase & power tolerance should be satisfied to make sure the gain exist.
We think the test we discuss here is to test the capability of UE maintaining phase & power consistency, although we will test it at receiver. So, we only need to observe the relative phase/power shift of each UL trans within the time window, the gain comes from joint channel estimation should not be counted. Otherwise the real UE capability cannot be tested.

	Ericsson
	If channel estimation is done bundled way, the phase offset will be compensated somehow, if this is not by purpose to change the phase offset noise characteristic from “colored” to “white”, we prefer not to do it. The negative impact to do it in testing is that phase offset component to be deteted will be weakened further and it neither good for testability or implementation. 
Opton 3 and option 2 depend on measurement reference point. If measurement point is option 2 in issue 3-2, then option 3 should be selected. 

	MediaTek
	@Ericsson, thanks for adding tables, very helpful.
Please could you indicate what you are referring to above though? Is this an answer to somebody’s question? 
Regarding your comment on 3-2, maybe a naïve question, but if RF impairment compensation is essentially frequency correction, why does it matter where the reference point is for JCE, as long as it is after that point in the process?

	Ericsson
	To MTK: The option 1 we interpret is to do joint channel estimation over bundled time slots. I think the measurement reference point is needed so test procedure could be defined. Measure the data in different reference point may mean different test procedure as I understood.

	China Telecom
	Then for testing the phase offset, if it is agreeable to estimate the phase offset in frequency domain as suggested by R&S and Anritsu, we can directly take the amplitude and phase value from channel estimation for each slot (and for DMRS symbols). In such way, the channel estimation is done per slot. 



Discussion in 24th Jan GTW:
Ericsson: we should first discuss Issue 1-1.
Apple: Option 1 describes quite well in the real network. It is up to network to do equal equalization or unequal. We can remove Option 2.
R&S: from testing point of view Option 3 is prefereable. Option 3 is clean way to go with such that it will simplify discussion in Issue 3-1.
Anritsu: agree with R&S.
China Telecom: the reason to suggesting Issue 3-1 as first issue is that if we can address Issue 3-1 then we can decide whether we need considering EVM test metric. We do not need to make decision on absolute and accumulate phase value as test metric. We do not need consider option 1 and option 2.
Qualcomm: agree with Ericsson. Issue 3-3 is linked to Issue 1-1. In the simulation we also need the assumption of receiver. Is there memory …
Ericsson: The technique to use bundling operation in Option 1 needs be treated carefully. In JCE we can tolerate such error. In the test, we need to verify the UE actual performance.
Nokia: We agree with Apple. Option 1 should provide the better performance.
R&S: to Qualcomm, basically we will measurement each slot separately. 
Huawei: We supports TE vendors and we should conduct test in frequency domain. JCE impacts the performance for UE under test. During such test, UE transmit perforamne should be tested rather than coverage performance gain. CE should be done slot by slot.
Mediatek: The important thing to consider is the frequency error. If going with Option 2, we are not sure frequency error can be handled.
InterDigital: we should look at the condition to test phase error. The UE has to maintain a ceratin of error.

Agreement in 24th Jan GTW: 
· The assumption at test equipment:
· The phase error should be measured slot by slot
· FFS: down-select between the following two options
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
· Only use phase error as test metric, unless the problem is identified
· The common frequency error of UE should be corrected at test equipment per slot basis in the way similar to that done in EVM testing.
· The channel estimation should be done for each slot and JCE is precluded
· The TPC command for UE transmission won’t be adjusted during the testing window
· Pcmax is configured such that UE transmits at the highest power during the test.
· The downlink received power for UE should not be changed.
· There is no uplink transmission gap during testing window.
· There is no additional transmission power requirement specific to coverage enhancement.

Issue 3-4: Impact of CFO in the test
Candidate options:
· For UE side:
· Option 1: In DMRS bundling test for the UE, assume UE does not change the frequency during the bundle.
· Option 2: UE frequency remains within existing frequency error limits. 
· A UE that has a frequency error requirement of+/- 0.1ppm
· For BS/TE side:
· Option 1: Frequency correction in the JCE test is slot by slot basis.
· Option 2: Frequency correction in the JCE test is applied to the whole bundle.

WF recommendation:
· For UE side, agree on Option 1.
· For TE side, agree on Option 1.

Company feedback
	Company
	Comments

	MTK
	This needs to be discussed together with 3-3.

	Nokia
	We have one question for clarification concerning Option 1 for BS/TE side: does it mean that only Option 3 in Issue 3-3 can be used if Option 1 for BS/TE side in Issue 3-4 is adopted?

	Huawei
	To Nokia: If our understanding is correct. In the existing test spec, “RF impairment compensation” modem is isolated with “channel estimation” modem like below. We think the former modem is for CFO correction. Even we go with Option 1 for Issue 3-3 (although we against it), it requires new design on the channel estimation modem but NO change to the “RF impairment compensation” modem, i.e, CFO is still compensated per slot.  
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	Ericsson
	Is there a need to repeat the RF frequency error requirement here? The meaning of the consensus of UE behaviour in the test is to make sure the test result comply to what we have assumed in phase offset model. If UE make frequency adjustment during the bundled test, it will add phase offset error and thus deteriorate the test result /UE performance itself and fail the “good” UE. 

So I think we can try to align with option 1. Option 2 is no meaning in discussion.
I am not sure we can mandate what to be implemented in BS. If there is not way to test such mandating, maybe it is not necessary to discuss this. 

	MediaTek
	@Ericsson, I don’t fully understand. The frequency error requirement is not caused by the UE making corrections toTx frequency, it is there in spite of the UE making corrections to Tx frequency. Even if the UE stops making corrections, it is there, and in fact may drift more than 0.1ppm in that case.
In the current EVM test the frequency error is corrected by the BS/TE, based on an estimation every slot for 15kHz SCS, 2 and 4 slots for 30kHz and 60kHz. If we now say that the frequency error will not be corrected every slot, then we need to know whether it will be corrected at all, and if so how often and how, in order to understand what additional uncertainty that will bring to the phase compared to the current EVM requirements, because current simulations in my understanding have all assumed 0Hz frequency error (i.e. assuming perfect compensation by the receiver). I would appreciate feedback on this point.

	Ericsson
	To MTK: There is no mandate in RAN1/RAN4 to forbidden UE to make frequency adjustement. But for test, we assume there is no frequency adjustment. This can be seen from current test spec in 38.521-1 Annex where the CFO estimation is done using best fit algorithm in the pre-FFT process per time slot. So basically UE will not do frequency adjustment during the test in one time slot. Doing so will make the rest result worse as the rest of uncorrected CFO errro will be added/reflected in test and result in a worse EVM.  So the same logic that in the test, we will not expect the UE make frequency adjustment during the bundled time slots in test. 
I donot think the frequency error will not be correct, rather it will/shall be. In our BS JCE simulator, we have assumed the 0.1ppm CFO error so the tolerance is simulated with such worse condition, we also provide the residue CFO CDF curves to show how good BS could do its job in this aspects.  During the bundled time slots in test (maybe strong DL signal), the UE could have better CFO estimation and thus less CFO. So UE could be more confident not to frequency adjustments. Again, we are assuming this because the testing procedure need to estimate and correct CFO. If a UE really not too confident to not making frequency adjustment within bundles time slots, the consequency will be to allow only single time slot CFO &correction in test. Meanwhile, the phase offset behaviour during the transient time when UE make frequency adjustment in the bundle is not certain. Risk of the deteriorate the test results would be there and should be avoided as I think. 

	China Telecom
	For the CFO part, by reading the comments in the WF and LS threads, if I understand correctly, Chunhui and Tim’s proposals (below) do not conflict with each other. 
· UE not to do frequency adjustment
· The frequency error still exists, and will be corrected by TE at per slot basis (similar to the legacy way, as also mentioned by Ville below). 




Issue 3-5: Maximum time window for testing
Candidate options:
· For UE side:
· Option 1: The maximum time window for testing should be defined as 10 ms, to be aligned with the existing definitions in TS 38.521-1.
· Comments to Option 1: what’s the challenge to test >10ms time window?
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	≤ 10 msec



WF recommendation:
· Further discuss on the time window length in above table.

Company feedback
	Company
	Comments

	Apple
	How will a UE which reports a longer capability for JCE time window be tested?

	Nokia
	Given the consensus on taking 32 slots as the maximum duration, the maximum time domain window for testing larger than 10 ms could be considered. Indeed, if the time domain window is equal to maximum duration, then it should be at least 32ms or 16ms for 15 kHz and 30 kHz SCS, respectively.

	Rohde & Schwarz
	If the group agrees on doing the evaluation slot by slot and in frequency domain, we don’t have strong opinion here and can further discuss the time window length for also longer than 10 ms.

	Ericsson
	The original time window in our paper means the connection with the maximum duration UE reported. It must be a parameter connecting how the test is done, e.g how many slots should be measured and the result to be averaged etc. Though it could be also mean that how many bundles the test should be repeated to get another level average.  



Issue 3-6: Side conditions for UE RF requirement
Candidate options:
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment
· Option 1: To not restrict the UE’s freedom to perform existing power adjustments during JCE window.
· Option 2: up to UE implementation, as long as the phase & power consistency can be guaranteed within the JCE bundle.
· Option 3: Up to RAN1 design.
Option 4: power level associated with the testing
WF recommendation:
· For other uplink transmission and TA command
· UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission.
· No network commanded TA takes effect.
· The requirement is defined assuming P-MPR=0 over the entire duration of the JCE window
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment, agree on Option 2 and option 4


Company feedback
	Company
	Comments

	Apple
	For power adjustment, option 1 is our preference here

	Apple
	Added “P-MPR=0” as one side condition. 
This is an important side condition to include, because the UE is always allowed to apply P-MPR in order to comply with relevant regulatory requirements. For the side condition we recommend applying the usual P-MPR=0 assumption, which RAN4 uses for other Tx requirements.

	MTK
	For this part “as long as the phase & power consistency can be guaranteed within the JCE bundle.” to be agreeable, we need to first understand which conditions we are talking about. Does this mean in a test case when the DL power is fixed for a sufficient length of time before the bundle is scheduled to be transmitted? Or does it refer to some other condition?

	Ericsson
	In the context of the Cov-Enh, it is most likely the UE transmit its maximum configured power (Pcmax) and in this level, it is more calibrated in factory and thus provide better coherence than other power level. Suggest to collect companies view about this. 
I am not sure option 1/2/3 is meaningful to discuss in side condition for test.

	MediaTek
	Agree the UE is most likely to be operating at max power, so changes in pathloss on many occasions may not impact the actual UL power setting, but instead how many repetitions it may need. But still somebody needs to implement Base Stations and UE products. So we would like to understand the assumptions. 
We think that the UE’s ability to change Tx power should not be restricted, and agree with Apple (as stated in our doc) that ability to apply P-MPR is important not to be restricted. So prefer Option 1 as a general requirement. In the test case it would be good to understand if the DL power will be kept stable.

	Huawei
	Need clarification on Option 4. Seems it is not conflict to Option 2.




Issue 4-1: RF requirements for the non-zero gap in-between PUSCH/PUCCH transmissions
Candidate options:
· Option 1: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap.
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms, and FFS whether to and how to introduce measurement uncertainty.
· Option 2a: For option 2, considering to allow the LO leakage power for best spectrum efficiency 
· Option 3: The power for un-scheduled gap between slots in the same bundle can be either minimum output power (e.g., -40 dBm for small CBW) or then some value in between the OFF power and minimum power.
· Note: Opiton 3 is not to define new OFF requirements and just clarifies that the minimum ON power applies.
· Option 4: No consensue reached in RAN4, LS back to RAN1. 

WF recommendation:
· Agree on Option 1 or option 4.

Company feedback
	Company
	Comments

	Ericsson
	We strongly disagree option 1, we cannot understand to reason to allow any power within the un-scheduled gap.  In the worst case, a question to RAN1 should be added if only Ericsson shows serious concern.  Would it be more reasonable to report back to RAN1 that RAN4 cannot make consensus on this issue rather than allow UNKNOWN co-channel interference to network? 

	MediaTek
	If we cannot agree on Option 1 then I think another alternative is to recommend removal of the non-zero gap scenario from Release 17. That would seem an acceptable alternative in our view.



MTK: To moderator, You have recommended the WF to be agreeable.
Regarding the non-zero gap, the WF recommends down-selecting between Option 1 or 4. This was a result from the WF discussion where only 1 company actually proposed anything other than Option 1 as a preference. 
However, below you now include option 2 and 3 back in, which were not included in the recommended WF.
Please can you clarify the intention? You do not want to agree the WF?

China Telecom:
Option 2 and 3 are listed in case we cannot down-select one from option 1 and 4. Sorry for the confusion.

MTK: But the WF recommended not to pursue Option 2 and 3. I don’t think we should bring them back if they were recommended not to be pursued, as otherwise the WF is then meaningless if all options are still essentially on the table.

Issue 5-1: For UE autonomous timing adjustment
WF recommendation:
· Follow RAN1 agreements: UE should not perform UE autonomous TA adjustment during the actual time domain window

	Company
	Comments

	Apple
	We would like to clarify this assumption further. Under real field operation, limiting autonomous timing adjustment may cause a problem for the UE for catching up the reference timing if UE is moving or have time drifting, and this would violate the current UE gradual timing adjustment requirement in RRM spec.
How can this assumption be agreed as part of the JCE RF requirement?  Is the intention to revisit the related RRM requirements during the period of JCE transmission window?  We are afraid that this should be evaluated by RRM experts.
Alternatively, we should proceed according to Option 1 from Issue 3-6: to not restrict the UE’s freedom to perform existing power adjustments during JCE window




Recommendation:		Agreeable 
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New tdocs
	Title
	Source
	Comments

	Reply LS on Maximum duration for DMRS bundling
	Qualcomm Incorporated
	To: RAN1, RAN2
Note: Cover Sub-topic #2 on Maximum duration for DMRS bundling

	WF on phase continuity and power consistency for PUCCH and PUSCH transmissions
	Huawei, HiSilicon
	Note: Cover Sub-topic #1, 3, 4, 5



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2200020
	Updated RAN4 RF work plan for NR coverage enhancements WI
	China Telecom
	Agreeable
	

	R4-2200021
	RF requirements for the non-zero gap in between PUSCH/PUCCH transmissions
	China Telecom
	Noted
	

	R4-2200022
	On phase continuity and power consistency tolerance
	China Telecom
	Noted
	

	R4-2200023
	On maximum duration for joint channel estimation
	China Telecom
	Noted
	

	R4-2200024
	On UE autonomous adjustment and DL reception in-between transmission
	China Telecom
	Noted
	

	R4-2200338
	Discussion on UE requirement for JCE
	Qualcomm Incorporated
	Noted
	

	R4-2200339
	draft CR for EVM based requriements
	Qualcomm Incorporated
	Postponed
	

	R4-2200343
	OFF power requirement for the gap in TX on case
	Qualcomm Incorporated
	Noted
	

	R4-2200344
	Maximum duration handling for JCE
	Qualcomm Incorporated
	Noted
	

	R4-2200471
	Views on phase continuity and power consistency for PUSCH and PUCCH repetition
	Sony
	Noted
	

	R4-2200926
	Discussion on testability of coverage enhancement requirements
	ROHDE & SCHWARZ
	Noted
	

	R4-2201703
	On measurement of the TX coherent transmission
	Ericsson
	Noted
	

	R4-2201704
	On JCE phase continuity and power consistency tolerance for PUCCH and PUSCH
	Ericsson
	Noted
	

	R4-2201705
	RF impact on non-scheduled gap
	Ericsson
	Noted
	

	R4-2201706
	simulation updated results for phase tolerance for PUSCH  repetition
	Ericsson
	Noted
	

	R4-2201707
	LS reply On maximum duration of phase continuity and power consistency for PUCCH and PUSCH repetition
	Ericsson
	Noted
	

	R4-2201840
	Feasibility of proposed test methods for phase continuity and power consistency tolerance measurements
	Anritsu Limited
	Noted
	

	R4-2201958
	On phase continuity for multiple transmissions
	Huawei, HiSilicon
	Noted
	

	R4-2201986
	Some remaining open issues on coverage enhancements
	MediaTek (Chengdu) Inc.
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents
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	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202368
	Reply LS on Maximum duration for DMRS bundling
	Qualcomm Incorporated
	Agreeable
	

	R4-2202418 (revision of R4-2202369)
	WF on phase continuity and power consistency for PUCCH and PUSCH transmissions
	Huawei, HiSilicon
	Agreeable
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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	Company
	Name
	Email address

	
	
	



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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