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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#108-e [1], several issues for joint channel estimation for PUSCH and PUCCH enhancement were discussed, and following agreements were made:
	Agreement
· For HD-FDD RedCap UEs configured with DMRS bundling, an event is constituted for a case where a dropping or cancellation of a PUSCH transmission according dropping rules in [17.2, TS 38.213].
Agreement
· For HD-FDD RedCap UEs configured with DMRS bundling, an event is constituted for a case where the gap between two consecutive PUSCH transmissions overlaps with any symbol of downlink reception or downlink monitoring even if neither of the repetitions overlaps with it.
Conclusion
· PUSCH repetitions with different sets of power control parameters in multi-TRP operation is regarded as a semi-static event.
Note: No additional specification impact is expected
Agreement
· Gap between two PUSCH/PUCCH transmissions exceeds 11 symbols for extended CP is regarded as an event.
Agreement
· The value range of PUSCH-TimeDomainWindowLength is INTEGER (2 … 32).
· The value range of PUCCH-TimeDomainWindowLength is INTEGER (2 … 8).
· Note: the value shall not exceed the maximum duration.
Agreement
Inter-slot frequency hopping pattern for PUSCH repetitions with DMRS bundling is determined based on physical slot index
Agreement
Inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling is determined based on down-selection (in RAN1#108e) option 2
· Option 2: relative slot index – option A
Note: Option A/B for relative slot index are defined as the following
· Option A: frequency hopping pattern is determined based on relative slot index. Relative slot 0 is the slot where PUCCH/PUSCH repetition starts. Each of the subsequent slots are counted and relative slot index increase by one regardless the slot is used to transmit PUCCH/PUSCH or not.
· Option B: frequency hopping pattern is determined based on relative slot index. Relative slot 0 is the slot where PUCCH/PUSCH repetition starts. One of the subsequent slots are counted and the slot index increase by one only if the slot is used to transmit PUCCH/PUSCH.
Conclusion
For frequency hopping for PUCCH/PUSCH repetitions with DMRS bundling, in Rel-17, there is no consensus to increase the number of frequency offset over what are supported in Rel-15/16.
Agreement (Excerpted from RAN1#107bis-e)
PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as a [semi-static] event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions.

Agreement
Update the above agreement made in RAN1 107bis-e as below
PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as a semi-static event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions.
Agreement 
· Values for PUSCH-Frequencyhopping-Interval are “{2, 4, 5, 6, 8, 10, 12, 14, 16, 20}”
Note: For unpaired spectrum, UE is not expected to be configured the value of 6, 8, 12, 14, 16
Agreement 
· Values for PUCCH-Frequencyhopping-Interval are “{2, 4, 5, 10}”
Agreement
When both inter-slot frequency hopping and DMRS bundling are enabled for PUCCH/PUSCH repetitions, UE is expected to be configured with at least one of frequency hopping interval and TDW length.
Note: Conclusion is to added to RRC parameter agreement and sent to RAN2 in LS.


Based on these agreements, this contribution continues to discuss remaining issues.

2. Discussion on remaining issues of joint channel estimation for PUSCH and PUCCH
2.1 TPC command
In RAN1#107-e meeting, a Working Assumption was achieved on the rules of TPC commands when joint channel estimation is enabled as follows.
	Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands,
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW.
· FFS: no more than 1 TPC command is expected to take effect during a configured TDW.


In our view, the necessity and the benefits of the solution are clear enough, e.g. better performance, especially when restarting DMRS bundling after dynamic events is not supported.
Proposal 1: Confirm the Working Assumption for accumulating TPC.

To capture the working assumption into specification, the following options were discussed in RAN1#108-e meeting.
	· Option 1: Legacy definition of  is preserved for PUSCH transmissions without DM-RS bundling. Redefine  for PUSCH transmissions within a nominal TDW in case of DM-RS bundling. e.g.,  is a number of symbols from K symbols before the start of the first repetition within the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· FFS: the value of K, e.g., K is “a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP  of carrier  of serving cell ”.
· Option 2a: Modify the TPC command value set , e.g. if transmission occasion i is not the first transmission occasion within a nominal time domain window, then any TPC command values received via DCI format 2_2 contained in the set  are deleted and added to the set  where j is a transmission occasion occurring after the end of the nominal time domain window and  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion .
· Option 3: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself).
· Option 3a: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that are received between   symbols before transmission occasion  and  symbols before  transmission occasion .
· Note: If a UE is configured with DMRS bundling, for a given PUSCH power control adjustment state l in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission occasion m in symbol p and is configured with any CG PUSCH transmission occasion n ending before symbol p, the UE is not expected to receive a TPC command by DCI format 2_2 arrived later than  symbols before transmission occasion m but no later than  symbols before transmission occasion n. 
· Option 1&3a: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands and configured with DMRS bundling,
· For a transmission occasion  occurs within a nominal time domain window, ,  for PUSCH transmissions occasion  from symbols before a first symbol of the transmission occasion  to a first symbol of the transmission occasion i where transmission occasion  is a first transmission occasion within the nominal time domain window for the same transport block as transmission occasion  and  reuses the same Rel-15/16 definition of .
· 

The definition of set  for  in Rel-15/16 TS 38.213 is reused. 


For CG-only cases, any of Option 1/2/3/3a(without Note)/1&3a can work well and the Option 3a without Note is clearer and more direct. If DG-PUSCH is also considered, three cases are discussed:
· Case 1: Cases without CG-DG interleaving or out-of-order TPC application.
· Case 2: Cases with CG-DG interleaving.
· Case 3: Cases with out-of-order TPC application.
There seems some controversy about whether CG-DG interleaving is supported, so it is more appropriate to focus on the more popular cases, Case 1 and Case 3 first. If only considering Case 1, any option can work well and the Option 3a without Note is preferable. If Case 3 are deemed to be meaningful, Option 1&3a is the better choice. 
Proposal 2: To capture the working assumption on TPC, Option 1&3a is preferred. If out-of-order TPC reception is precluded, then Option 3a without the Note is also sufficient.
2.2 Frequency hopping pattern enhancements for PUSCH
In RAN1#108-e [1], we already have the agreement “Inter-slot frequency hopping pattern for PUSCH repetitions with DMRS bundling is determined based on physical slot index.” But how to build equation of inter-slot frequency hopping pattern for PUSCH repetition with DMRS bundling need to be further discussed, especially whether to introduce SFN in the equation or not.
In CR 38.214 [2], the equation is given as follows.
	In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by:

where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and  is the frequency offset in RBs between the two frequency hops.


Some companies suggest to delete SFN information from this equation, e.g., . It will cause, however, an incorrect result when a frequency hop is across the boundary between two adjacent system radio frames, especially in the case of that  is not divisible by , such as  and . So the SFN information should be reserved in this equation.
Proposal 3: The SFN information is needed in the equation of inter-slot frequency hopping pattern for PUSCH repetition with DMRS bundling.

In addition, even if the SFN information is reseved in this equation, a frequency hop may not be in length of  slot when the frequency hop is across the boundary between system radio frame with  and system radio frame with , where SFN is counted from 0 to 1023. For example, , ,  for the first system radio frame, and  for the second system radio frame. The frequency pattern obtained by this equation is shown in Fig. 1. We can see that the interval of the second frequency hopping is 4 slots instead of 6 slots. This issue can occur when  is not divisible by , such as .

[image: ]
Fig. 1 Frequency hopping.
Observation: The equation of inter-slot frequency hopping pattern for PUSCH repetition with DMRS bundling in CR R1-2202959 can result in an incomplete frequency hop when the frequency hop is across the boundary between system radio frame with  and system radio frame with , in the case of frequency hopping interval .

2.3 TP for Clause 6.1.7 of TS 38.214
In clause 6.1.7 of CR 38.214 [2], the wording “power control parameters” may be misinterpreted to include RAN4 power control parameters, e.g. Pcmax,c, MPR, A-MPR. However, its corresponding conclusion is addressing only RRC parameters, as follows.
	Conclusion
· PUSCH repetitions with different sets of power control parameters in multi-TRP operation is regarded as a semi-static event.
Note: No additional specification impact is expected


Therefore, “power control parameters” seems better to be modified as “power control higher layer parameters.”
Proposal 4: Adopt the following TP.
	6.1.7 UE procedure for determining time domain windows for bundling DM-RS
<omitted text>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-	A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.
-	For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over multiple slots, a dropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
-	For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
-	For any two consecutive PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, and when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', a different SRS resource set association is used for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, according to Clause 6.1.2.1.
-	For any two consecutive PUCCH transmissions of PUCCH repetition, and when a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial relations or first and second sets of power control higher layer parameters, as described in [10, TS 38.321] and in clause 7.2.1 of [6, TS 38.213], different spatial relations or different power control higher layer parameters are used for the two PUCCH transmissions of PUCCH repetition, according to Clause 9.2.6 of [6, TS 38.213]. 
-	Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
-	Frequency hopping.
-	For reduced capability half-duplex UEs, 
-	a dropping or cancellation of a PUSCH transmission according to clause 17.2 of [6, TS 38.213] or
-	an overlapping of the gap between two consecutive PUSCH transmissions and any symbol of downlink reception or downlink monitoring
The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or in response to the use of different spatial relations or different power control higher layer parameters for the two PUCCH transmissions of PUCCH repetition, or in response to any event not triggered by DCI or MAC-CE. The UE maintains power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE, subject to UE capability.
<omitted text>



3. Conclusions
In this contribution, we provide our views on possible specification impact on joint channel estimation for PUSCH and PUCCH with following proposals:
Observation: The equation of inter-slot frequency hopping pattern for PUSCH repetition with DMRS bundling in CR R1-2202959 can result in an incomplete frequency hop when the frequency hop is across the boundary between system radio frame with  and system radio frame with , in the case of frequency hopping interval .

Proposal 1: Confirm the Working Assumption for accumulating TPC.
Proposal 2: To capture the working assumption on TPC, Option 1&3a is preferred. If out-of-order TPC reception is precluded, then Option 3a without the Note is also sufficient.
Proposal 3: The SFN information is needed in the equation of inter-slot frequency hopping pattern for PUSCH repetition with DMRS bundling.
Proposal 4: Adopt the following TP.
	6.1.7 UE procedure for determining time domain windows for bundling DM-RS
<omitted text>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-	A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.
-	For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over multiple slots, a dropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
-	For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
-	For any two consecutive PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, and when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', a different SRS resource set association is used for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, according to Clause 6.1.2.1.
-	For any two consecutive PUCCH transmissions of PUCCH repetition, and when a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial relations or first and second sets of power control higher layer parameters, as described in [10, TS 38.321] and in clause 7.2.1 of [6, TS 38.213], different spatial relations or different power control higher layer parameters are used for the two PUCCH transmissions of PUCCH repetition, according to Clause 9.2.6 of [6, TS 38.213]. 
-	Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
-	Frequency hopping.
-	For reduced capability half-duplex UEs, 
-	a dropping or cancellation of a PUSCH transmission according to clause 17.2 of [6, TS 38.213] or
-	an overlapping of the gap between two consecutive PUSCH transmissions and any symbol of downlink reception or downlink monitoring
The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or in response to the use of different spatial relations or different power control higher layer parameters for the two PUCCH transmissions of PUCCH repetition, or in response to any event not triggered by DCI or MAC-CE. The UE maintains power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE, subject to UE capability.
<omitted text>
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