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In RAN1#106-e, joint channel estimation for PUSCH was discussed with reaching the following agreements [1][2].  
	Agreement: Confirm the following working assumption.
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

Agreement:
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

Conclusion:
· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.

Agreement:
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Agreement:
· UE should not perform TA adjustment during the time domain window.
· FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
· FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
· FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.

Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP
· The start of the first configured TDW is the first PUSCH transmission
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event, 
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above. 
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.




In this contribution, we provide our further analysis on joint channel estimation for PUSCH.
Discussion
Use cases
In the previous RAN1 meetings, which use cases for joint channel estimation should be supported was discussed, and the current status of each use case is summarized in the following table.
Table 1. Summary of use cases for joint channel estimation 
	Use case
	Repetiton type A
	Repetiton type B
	Same TB
	TBoMS

	Use case 1: back-to-back PUSCH transmissions within one slot.
	/
	Support
	Support
	FFS

	Use case 2: non-back-to-back PUSCH transmissions within one slot
	Not support
	Not support
	Not support
	Not support

	Use case 3: back-to-back PUSCH transmissions across consecutive slots
	Support
	Support
	Support
	W/A

	Use case 4a: non-back-to-back PUSCH transmissions across consecutive slots, and no uplink transmission in the middle of two PUSCH transmissions
	Support
	Support
	Support
	FFS

	Use case 4b: non-back-to-back PUSCH transmissions across consecutive slots, and with other uplink transmissions in the middle of two PUSCH transmissions
	FFS
	FFS
	FFS
	FFS

	Use case 5a: PUSCH transmissions across non-consecutive slots, and no uplink transmission in the middle of two PUSCH transmissions
	FFS
	FFS
	FFS
	FFS

	Use case 5b: PUSCH transmissions across non-consecutive slots, and with other uplink transmissions in the middle of two PUSCH transmissions
	FFS
	FFS
	FFS
	FFS



For use case 4/5, RAN4 has further studied the requirements, and part of the RAN4 reply LS in [6] is copied below
	RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.
RAN4 has agreed for the case of other signals/channels in the gap between repetitions, it is not considered for UE to transmit other channels in the gap with different settings.
For the case of other UL signals/channels in the gap between repetitions with same settings, as communicated in R4-2105417, RAN4 has further refined the conditions when phase continuity can be met as follows:
· Signals/channels with repetitions and other UL signals/channels in the gap have the same:
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings 
RAN4 has not agreed detailed requirement for phase continuity and plans to revisit the above agreement in the scenario of other UL signals/channels in the gap once the requirement is defined. Therefore, RAN4 would like to ask RAN1 what are the consequences if phase continuity cannot be maintained in that scenario?



For the case of other UL signals/channels in the gap between repetitions with same settings, we thinks it is almost impossible to meet the conditions defined RAN4 for maintaining phase continuity. As a consequence if phase continuity cannot be maintained, RAN1 should not support use case 4b, i.e., joint channel estimation in case of other UL signals/channels in the gap between PUSCH/PUCCH repetitions across consecutive slots.
Regarding use case 5a/5b, 13-symbol is the maximum length for the gap for all SCS based on the RAN4 reply LS. So, joint channel estimation cannot be supported for use case 5a/5b. 
Proposal 1: Not support use case 4b, i.e., non-back-to-back PUSCH transmissions across consecutive slots and with other uplink transmissions in the middle of two PUSCH transmissions.
Proposal 2: Not support joint channel estimation in use case 5a/5b.
Time domain window (TDW)
In the RAN1#106-e meeting, an overall framework has been formed for time domain window (TDW). But there are still many detailed issues need to be addressed. In this section, we provide our further analysis on TDW.
The length L of configured TDW(s)
For joint channel estimation for PUSCH transmission for different use cases, the maximum time duration can be reported by UE and the time domain window is configured by gNB. According to the discussion at the last meeting, if configured TDW length L is longer than maximum duration and if there are some misunderstanding between gNB and UE due to event which is dynamically triggered, it would lead to some error propagation. Due to such misunderstanding, the actual TDWs within the configured TDW may not be aligned, as an example shown in Figure 1. In the example, the configured window length L is 16 slots and the maximum time duration reported by UE is 4 slots. For gNB side, the actual TDW2 only has one slot since one event happens, and the start of TDW3 and TDW4 will be postponed by one slot due to the event. However the actual TDW2, TDW3 and TDW4 at UE side are still consecutive with each other. Thus, it would cause misunderstanding between gNB and UE about the position of actual TDW.
[image: ]
Figure 1. Misunderstanding between gNB and UE about the position of actual TDW due to violating event if the configured TDW length L is longer than maximum duration 
Proposal 3: The maximum value of configured window length L is no longer than the maximum duration reported by UE.
The start / end of configured TDW(s) and actual TDW(s) 
To minimize standard impact, we recommend a common solution for both TDD and FDD, i.e., the configured TDW(s) can be consecutive each other. As shown in the Figure 2, it’s similar as philosophy of PUSCH repetition type B, where the nominal repetitions are back-to-back and one nominal repetition can be segmented into multiple actual repetition. In such case, the configured TDW(s) can be all semi-statically determined, based on semi-static DL/UL configuration or other semi-static events if agreed.
[image: ]
Figure 2. Case for TDD
For the start / end of configured TDW(s), the simplest method is to determine based on the physical slot/symbol, similar as the definition of nominal repetition. The start of the first configured TDW is the first PUSCH transmission, the end of the first configured TDW is the physical slot/symbol after the configured TDW length L. The subsequent configured TDW(s) is back-to-back with each other.
Proposal 4: The start / end of configured TDW(s) is determined by the physical slot/symbol, and the configured TDW(s) are consecutive.
Within one configured TDW, one or multiple actual TDWs can be implicitly determined. After one actual TDW starts, a UE is expected to maintain the power consistency and phase continuity until one of the defined conditions is met, where the conditions could be 1) actual TDW reaches the end of the last PUSCH transmission within the configured TDW and 2) an event occurs. Once one of the conditions is met, the actual TDW is ended. For the start / end of actual TDW(s) , as shown in the Figure 2, it can be based on the available slot/symbol. And the actual TDW(s) can be non-consecutive. 
Proposal 5: The start / end of actual TDW(s) is determined by the available slot/symbol, and the actual TDW(s) can be non-consecutive.
Definition of an event
Existing Rel-15/16 dropping/cancellation rules for PUSCH repetition type A and repetition type B can all contribute as an event. Both semi-static and dynamic events need to be considered, such like SFI, CI, high priority transmission, frequency hopping, DL reception/monitoring occasion for unpaired spectrum, dynamic BWP switching, dynamic uplink switching in CA scenario, dynamic switching between NUL and SUL. As discussed in section 2.1, in case of other UL signals/channels in the gap between PUSCH/PUCCH repetitions, the other UL signals/channels can be regarded as an event.
Proposal 6: Existing Rel-15/16 dropping/cancellation rules for PUSCH repetition type A and repetition type B are all defined as events that violate power consistency and phase continuity, including both semi-static and dynamic events need to be considered.
TPC / TA command
As discussed in RAN1#106-e, UE behavior for reception of TPC command need for down-selection between two alternatives. In our view, we prefer one simpler way, i.e., a UE is not expected to receive TPC commands during the current time domain window. Similar approach can be applied for TA command. If a UE receives the TPC/TA command before a configured time domain window, it can be applied to the configured time domain window only if legacy timeline satisfies. 
Proposal 7: A UE is not expected to receive TPC/TA command during the current time domain window.
Proposal 8: If a UE receives the TPC/TA command before a configured time domain window, it can be applied to the configured time domain window only if legacy timeline satisfies. 
Inter-slot FH bundling for cross-slot channel estimation
During SI phase, cross-slot channel estimation has been proved beneficial for coverage enhancement due to improved channel estimation accuracy. On top of it, inter-slot FH with inter-slot bundling may provide additional performance gain. Basically, a smaller bundle size could achieve higher diversity gain while a lower joint channel estimation gain and vice versa. To achieve a good balance between FH diversity gain and joint channel estimation gain, the inter-slot FH pattern in the time domain should be studied. 
In Figure 3, different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions are provided. In the example, FDD operation is assumed and the bundling size is one of the divisors of the maximum number of repetitions. 
[image: ]
Figure 3. Different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions in FDD
In Figure 4, the performance of different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions is provided. 

Figure 4. Performance of different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions
As can be observed in Figure 4, the case with inter-slot FH with inter-slot bundling of size 4 can provide additional 2.66 dB, 1.38dB, 0.88dB and 0.78 dB gain over the case with baseline performance, legacy inter-slot FH, joint channel estimation while no inter-slot FH and inter-slot FH with inter-slot bundling of size 2 respectively in 700MHz rural scenario.
Observation 1: Inter-slot FH with inter-slot bundling to enable joint channel estimation can provide up to 2.66 dB gain for PUSCH with 8 repetitions in 700MHz rural scenario. 
According to Figure 4, the case with FH for only one time, i.e., bundling size 4, provides the best performance. Thus, the bundling size M can be implicitly determined by the number of repetitions K within one actual time domain window e.g., M=K or floor (K/2) or cell(K/2). For TDD case, the bundling size could be the same as the actual time domain window size. Overall, the inter-slot bundling size for inter-slot FH is no larger than the actual time domain window size. 
However, under different scenarios, e.g., different UE speed or different number of receiving antennas, it may need to use different bundling sizes for better performance. Thus, it may also desirable to make the bundling size configurable by RRC or even dynamically indicated by DCI. 
Proposal 9: For the determination of inter-slot bundling size for inter-slot FH, RAN1 down-selects from the two options below. 
· Option 1: Inter-slot bundling size is implicitly determined by the number of repetitions K within one actual time domain window, e.g., M=K or floor (K/2) or cell(K/2). 
· Option 2: Inter-slot bundling size is RRC configured or dynamically indicated to a UE. 
Joint channel estimation for CA case
In Rel-16, 1Tx-2Tx dynamic switching mechanisms between case 1 and case 2 have been specified for inter-band EN-DC without SUL, inter-band UL CA and standalone SUL, as shown in Table 2 below. More specifically, two options are supported for Tx switching among two carriers as shown in Appendix-2. In addition, 2Tx-2Tx switching among two/three carriers in two bands are also under discussion in Rel-17.

Table 2. two uplink carrier switching cases from the aspect of RF TX chain
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 


An example is shown in Figure 5, where there are two inter-band carriers with unaligned frame boundary. This is one main important deployment scenario requested by operators and supported in Rel-16. As can be observed, more UL transmission occasions can be obtained in such case, which can boost UL coverage under CA case. 
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Figure 5. Tx switching with unaligned frame boundary for CA
In Figure 6, the performance comparison between single carrier case and two carriers with Tx switching is provided. As can be observed, two carriers with Tx switching can provide about 3 dB gain compared to using single carrier case. 
Observation 2: Using two carriers with Tx switching for PUSCH transmission can provide about 3 dB performance gain compared to single carrier case. 

Figure 6. Performance of PUSCH with single carrier vs two carriers with Tx switching case under CA
In case of aligned frame boundary for CA, it is also expected UL coverage can be enhanced since a UE can dynamically choose one carrier with better channel conditions for UL transmission. 
As analyzed above, UL CA is beneficial for UL coverage enhancement. Based on the requirements defined by RAN4 in [4] as copied below, the phase continuity can be kept for CA at least when PUSCH is only transmitted in one carrier at a given time. Therefore, we propose to support joint channel estimation for UL CA case. 
	No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 



Proposal 10: Joint channel estimation is supported in case of UL CA. 

RRC Parameter
According to the agreement in RAN1#106-e meeting, joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE. So, only one IE (i.e. PUSCH-TimeDomainWindowLength) should be enough to indicate both the enabling of JCE and the length of configured TDW, and no need to introduce new IE PUSCH-DMRS-Bundling.
Proposal 11: Only introduce one IE (i.e. PUSCH-TimeDomainWindowLength) to indicate both the enabling of JCE and the length of configured TDW for JCE of PUSCH transmissions.
Considering flexibility for JCE, we are fine to introduce a separate RRC parameter for PUCCH. Similar as PUSCH, there is no need to introduce PUCCH -DMRS-Bundling.
Proposal 12: Introduce a separate RRC parameter (i.e. PUCCH-TimeDomainWindowLength) for PUCCH.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Not support use case 4b, i.e., non-back-to-back PUSCH transmissions across consecutive slots and with other uplink transmissions in the middle of two PUSCH transmissions.
Proposal 2: Not support joint channel estimation in use case 5a/5b.
Proposal 3: The maximum value of configured window length L is no longer than the maximum duration reported by UE.
Proposal 4: The start / end of configured TDW(s) is determined by the physical slot/symbol, and the configured TDW(s) are consecutive.
Proposal 5: The start / end of actual TDW(s) is determined by the available slot/symbol, and the actual TDW(s) can be non-consecutive.
Proposal 6: Existing Rel-15/16 dropping/cancellation rules for PUSCH repetition type A and repetition type B are all defined as events that violate power consistency and phase continuity, including both semi-static and dynamic events need to be considered.
Proposal 7: A UE is not expected to receive TPC/TA command during the current time domain window.
Proposal 8: If a UE receives the TPC/TA command before a configured time domain window, it can be applied to the configured time domain window only if legacy timeline satisfies. 
Observation 1: Inter-slot FH with inter-slot bundling to enable joint channel estimation can provide up to 2.66 dB gain for PUSCH with 8 repetitions in 700MHz rural scenario. 
Proposal 9: For the determination of inter-slot bundling size for inter-slot FH, RAN1 down-selects from the two options below. 
· Option 1: Inter-slot bundling size is implicitly determined by the number of repetitions K within one actual time domain window, e.g., M=K or floor (K/2) or cell(K/2). 
· Option 2: Inter-slot bundling size is RRC configured or dynamically indicated to a UE. 
Observation 2: Using two carriers with Tx switching for PUSCH transmission can provide about 3 dB performance gain compared to single carrier case. 
Proposal 10: Joint channel estimation is supported in case of UL CA. 
Proposal 11: Only introduce one IE (i.e. PUSCH-TimeDomainWindowLength) to indicate both the enabling of JCE and the length of configured TDW for JCE of PUSCH transmissions.
Proposal 12: Introduce a separate RRC parameter (i.e. PUCCH-TimeDomainWindowLength) for PUCCH.
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Appendix-1 Simulation assumptions
Table A-1 Simulation assumption for inter-slot FH bundling for cross-slot channel estimation
	Parameter
	Value

	Carrier frequency
	700MHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Rural scenario

	UE speed
	3 km/h 

	BS antenna configuration
	4 Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	20 MHz

	Sub-carrier spacing
	15kHz 

	Occupied RB
	4

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	2 DMRS symbols

	Number of repetitions
	8 

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Hopping RB offset
	50RBs offset for inter-slot hopping



Table A-2 Simulation assumption for Joint channel estimation for CA case
	Parameter
	Value

	Carrier frequency
	4GHz/2.6GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Urban scenario

	UE speed
	3 km/h 

	BS antenna configuration
	4 Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz 

	Occupied RB
	30

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	2 DMRS symbols

	Number of repetitions
	4

	JCE
	Enable for each actual time domain window

	TDD pattern
	DDDSUDDSUU

	Channel estimation
	Practical

	Receiver type
	MMSE



Appendix-2 Tx switching in Rel-16 
Subject to UE capability, the following two options are supported in Rel-16 Tx swiching for inter band CA and EN-DC
· Option 1(switchedUL): If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 



· Option 2(dualUL): If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
o    UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
o    UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P



Rma_700MHz_O2I
8 repetitions baseline	-21	-19.5	-18	-16.5	-15	-13.5	0.95196	0.83026	0.60048	0.35308	0.17374	0.07206	8 repetitions with inter-slot FH	-21	-19.5	-18	-16.5	-15	-13.5	0.96797	0.80945	0.53082	0.2545	0.07766	0.02882	8 repetitions with joint channel estimation	-21	-19.5	-18	-16.5	-15	-13.5	0.75901	0.51962	0.30024	0.14011	0.06565	0.02722	8 repetitions with inter-slot FH bundling size 2 and joint channel estimation in each bundle	-21	-19.5	-18	-16.5	-15	-13.5	0.89752	0.64051	0.39231	0.15052	0.04323	0.01601	8 repetitions with inter-slot FH bundling size 4 and joint channel estimation in each bundle	-21	-19.5	-18	-16.5	-15	-13.5	0.79183	0.52602	0.26021	0.09207	0.03283	0.01201	



Uma_O2I
single carrier 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.9992	0.98199	0.90552	0.73379	0.45476	0.23018	0.10969	0.05004	Tx switching case under CA	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.90953	0.7438	0.47158	0.2458	0.11769	0.05484	
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