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Introduction
This document provides some further analysis to help to close the open RAN4 issues related to phase continuity for PUCCH and PUSCH repetition to support DMRS bundling for Joint Channel Estimation (JCE), as documented in [1] R4-2107881, and provides some initial views on the additional questions in the latest LS received by RAN WG1 in [2]. 
 
Simulation results based on assumptions in R4-2107881

Figure 1: Phase tolerance impacts on performance





	Simulation parameter
	Value

	Antenna configuration
	1TX*2RX

	Channel model
	TDL-C (300ns)

	Carrier frequency
	700MHz

	UE Speed
	3Km/hr

	Modulation order
	QPSK

	Channel estimation
	MMSE

	Allocated physical resources in each slot
	6 PRBs

	DMRS
	Single Symbol Front loaded

	TBS
	208

	Code rate
	308/1024

	Phase offset
	Uniform distribution
0, ±30°, ±40°, 50°


Table 1: Simulation assumptions

Our results include CFO compensation at the receiver, as when we evaluated in the absence of CFO compensation the performance for both JCE and non-JCE was heavily degraded. However, Base Station vendors should give feedback on feasible CFO compensation with JCE. 

From the results above, if CFO can be compensated by the Base Station receiver, it seems clear that at least ±30 degree phase tolerance could be acceptable for QPSK signals.

Proposal 1: Use the simulation results provided to further derive phase tolerance requirements.

 Further analysis on open issues from R4-2107881
The following sub-sections provide analysis on the open issues from the Way Forward at RAN#99-e. 
WF#1: Non-zero gap between repetitions
Power level relevant to maintain phase during a gap
As highlighted in our contribution to RAN4#99e, while the UE transmitter is ON during the gap, Carrier Leakage may be present. The current Carrier Leakage requirements in TS38.101-1 are highlighted in the table below. 
Table 6.4.2.2-1: Requirements for Carrier Leakage
	Parameter
	Relative Limit (dBc)

	Output power > 10 dBm 
	-28

	0 dBm ≤ Output power ≤ 10 dBm
	-25

	-30 dBm ≤ Output power < 0 dBm
	-20

	-40 dBm ≤ Output power < -30 dBm
	-10



If the UE requires repetitions, then this would likely be because the UE already has its transmitter configured for maximum output power, meaning that the residual power level observed during the gap could be in the region of -5dBm for a PC3 UE, and -2dBm for a PC2 UE.
Proposal 2: Confirm that OFF power level cannot be achieved during non-zero un-scheduled gap, and that any power level requirements in the gap would need to adhere to existing Carrier Leakage requirements.
1ms or 14 symbol gap length
In RAN4#99e, a 13 symbol gap was declared as feasible. However, there is still an open point on whether 14 symbols or up to 1ms for higher SCS is a feasible gap length. We believe that it would be best to identify the acceptable phase tolerance before trying to make further agreements on such lengths. 

Proposal 3: Firstly gain a common understanding on likely acceptable phase tolerance before making further agreements on whether feasible gap lengths.


WF#2: Non-zero gap with other uplink transmissions
Configuration of other signal in gap:
In terms of the conditions on allowing other transmitted signals, we have done some more analysis and believe that, if the resulting power levels (after any MPR) and RF configuration do not change during the gap, then it could be acceptable for the PRB locations to change. 
Proposal 4: Agree that phase cannot be guaranteed to be maintained from UE perspective if intermediate signals are present during the gap that require different resulting output power levels (after any MPR) and RF configuration changes. Occupation of different specific PRBs by the intermediate signal could be acceptable.
Insertion of guard period after other uplink transmission
In our view, inserting a guard period after the transmission of another transmitted uplink signal would not provide benefit in terms of increased flexibility of the other signal configuration compared to the repeated signal. 

Proposal 5: It is proposed that UL configuration should be restricted to maintain the same output power level and RF configuration as the repeated signal, and that no guard period is specified.

WF#3: Timing advance inaccuracy
Further views were requested on TA inaccuracy for network commanded TA adjustments. In our view it would be simplest for the network not to command the UE to change TA configuration during the time it is expecting to receive uplink repetitions from the UE.
Regarding autonomous TA adjustments by the UE, it seems simplest for the network to assume that the UE will not autonomously adapt timing for the duration of repeated transmissions. 
Proposal 6: Agree not to cover the scenario where TA is modified between start of the first and end of the last repetition for JCE.
WF#5: Further study on insertion of DL slot within gap
We would like to repeat our observation and proposal from our contribution from the last meeting. Maintaining phase while inserting a DL slot within a non-zero gap, is likely to cause DL reception issues for the same UE when transmitter is ON. Antenna isolation is not likely to achieve the required antenna isolation to overcome this issue without also impacting coverage performance, as it would need 45dB of isolation to attenuate the ON power to the OFF power level. 
Proposal 7: Do not consider further the case where there is a DL slot within a non-zero gap.


Latest questions from RAN1 LS in R1-2106212
RAN1 asked the following questions in their latest LS to RAN4, and we provide some views for each below after each question.
· 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? 
· What factors determine the maximum duration? Response: Thermal changes at the UE impact the ability to maintain a certain level of phase and power continuity. The acceptable tolerances will be affected by the modulation scheme used. 
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH? Response: PUCCH and PUSCH could be similar if QPSK is used for PUSCH. Duration would likely be less if higher order modulation used for PUSCH.
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? Response: Higher orders of modulation will likely lead to lower acceptable phase and power tolerance, and therefore limit the duration compared to the case where larger tolerance is applicable. Furthermore, given that the motivation of JCE is for coverage extension, it is questionable why higher modulation orders would be relevant.
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)? Response: Given that the aim of this work is coverage extension, it is unclear to us why RAN1 is not purely considering DFT-s-OFDM, given that this was agreed to be specified for the purposes of maximising coverage in the first place.
· Whether the maximum duration is band specific? Response: There may be a difference in acceptable duration between FR1 and FR2 bands, with FR2 requiring more restrictions. 
· 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. Response: There may be some dependency on UE capability, but lots of different configuration capabilities would be undesirable if the feature is targeting commercial success, and complexity versus gain of the overall feature should be considered.
Proposal 8: It is proposed to provide a response to RAN1 in line with the above viewpoints.

Conclusion & Proposals
The following observations and proposals are made:
Proposal 1: Use the simulation results provided to further derive phase tolerance requirements.
Proposal 2: Confirm that OFF power level cannot be achieved during non-zero un-scheduled gap, and that any power level requirements in the gap would need to adhere to existing Carrier Leakage requirements.
Proposal 3: Firstly gain a common understanding on likely acceptable phase tolerance before making further agreements on whether feasible gap lengths.
Proposal 4: Agree that phase cannot be guaranteed to be maintained from UE perspective if intermediate signals are present during the gap that require different resulting output power levels (after any MPR) and RF configuration changes. Occupation of different specific PRBs by the intermediate signal could be acceptable. 
Proposal 5: It is proposed that UL configuration should be restricted to maintain the same output power level and RF configuration as the repeated signal, and that no guard period is specified.
Proposal 6: Agree not to cover the scenario where TA is modified between start of the first and end of the last repetition for JCE.
[bookmark: _GoBack]Proposal 8: It is proposed to provide a response to RAN1 in line with the viewpoints documented in section 4 of this document.
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Figure 1: Phase tolerance impacts on performance
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