[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #108-e	R1-2201014
e-Meeting, February 21 – March 3, 2022

Agenda item:		8.8.1.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Joint channel estimation for PUSCH coverage enhancements
Document for:		Discussion and Decision
[bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· “Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary, by RAN4 [RAN1, RAN4]
· Potential optimization of DM-RS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]”
This new feature targets improving the channel estimation quality for the demodulation of PUSCH at the receiver by using jointly the DM-RS symbols among the PUSCHs that satisfy the requirements in power consistency and phase continuity. This document discusses the remaining issues from the previous RAN1 meetings for this feature.
[bookmark: _Toc67700557]Discussion and Text Proposal 
Restarting of actual time domain window (TDW)
In RAN1#107-e meeting, the following working assumption made in RAN1#106-e meeting was confirmed:
	Agreement:
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.
· FFS: The maximum value of L 
· FFS: Solutions to error propagation issue if 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. 


In addition, the following agreement was also made in RAN1#107-e:
	Agreement
· If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
· An event is regarded as a dynamic event if it is triggered by a DCI or MAC-CE, otherwise it is regarded as a semi-static event.
· Note: At least frequency hopping event is considered as semi-static event.


In RAN1#107-bis-e meeting, two scenarios were discussed for clarification:
· Scenario 1: Within a nominal TDW, a semi-static event happens after one or multiple dynamic events.
· Scenario 2: Within a nominal TDW, a semi-static event overlaps with dynamic event within a slot.
For both scenarios, companies had different understandings on whether a new actual TDW is created after the semi-static event or not. It seems the ambiguity came from the highlighted sentence from the confirmed working assumption above, i.e., if UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW. In our view, a new actual TDW should be created after the semi-static event for both Scenario 1 and Scenario 2 because of the following reasons:
· The wording in the working assumption was formulated before RAN1 further discussed the UE capability of restarting actual TDW based on event types. With the latest agreements on UE capability of restarting actual TDW, i.e., UE is mandated to support restarting DM-RS bundling in response to semi-static events and UE capability of restarting actual TDW is applied in response to dynamic events, the highlighted sentence should be understood in the context of UE capability for dynamic events only. In other words, the sentence should be understood as “if UE is not capable of restarting DM-RS bundling in response to dynamic events, no new actual TDW is created in response to dynamic events until the end of the configured TDW”. Indeed, it is pointless to read the sentence as if UE capability of restarting DM-RS bundling is applied for any event, since this is not compatible with the current agreed framework and UE capability discussion.
· While discussing the UE capability of restarting DM-RS bundling in response to dynamic event, it was argued by the proponents that the main reason for introducing UE capability of restarting DM-RS bundling in response to dynamic events is that some UEs may not have capability of quickly reacting to dynamic events and hence cannot be prepared beforehand for maintaining power consistency and phase continuity. This difficulty does not exist for semi-static events, which are known beforehand by RRC configuration. Therefore, regardless of whether dynamic events happen before a semi-static event or not, the UE should always be able to prepare a new actual TDW after the semi-static event. 
[bookmark: _Toc95158519]Observation 1. The confirmed working assumption in RAN1#107-bis-e should be read in the context that UE capability of restarting DM-RS bundling is applied for dynamic events only, i.e., “if UE is not capable of restarting DM-RS bundling in response to dynamic events, no new actual TDW is created in response to dynamic events until the end of the configured TDW”.
[bookmark: _Toc95158520]Observation 2. Given that semi-static events are known beforehand by RRC configuration, the UE knows when the semi-static events happen and can prepare in advance new actual TDW after each semi-static event, regardless of whether dynamic events happen before the semi-static event or not.
It is worth noting that the above behavior is captured in Clause 6.1.7 of TS 38.214, as quoted below. Therefore, an agreement can be made to align companies’ understanding, but specification change is not needed.
	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 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.


From the above observations, we support the latest FL’s proposal on this topic in [2].
[bookmark: _Toc95158548]Proposal 1. For UE not capable of restarting DM-RS bundling in response to dynamic events,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Note: No specification impact is expected.
DM-RS bundling for HD-FDD UEs
Concerning the events that break power consistency and phase continuity in the context of TDW determination, it was agreed in RAN1#106-bis-e meeting that DL slot or DL reception/monitoring based on semi-static DL/UL configuration constitutes an event for unpaired spectrum. Similarly, dropping/cancellation based on Rel-15/16 collision rules also constitutes an event. This agreement was captured in Clause 6.1.7 of TS 38.214 as follows.
	<<omitted text>>
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.
<<omitted text>>
· 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 9.2.6 and clause 11.1 of [6, TS 38.213].
<<omitted text>>


In addition, the following can be noted from Clause 11.1 of TS 38.213:
	<<omitted text>>
11.1 Slot configuration
<<omitted text>>
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DLConfigurationDedicated, when provided to the UE.
<<omitted text>>


From the agreements and the above specs excerpts, it can be observed that DL reception/monitoring of the channel/signal other than SSBs based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated is regarded as an event for unpaired spectrum. In addition, DL reception/monitoring of the SSBs provided in ssb-PositionInBurst is regarded as an event due to collision with the PUSCH transmission, for unpaired spectrum. 
[bookmark: _Toc95158521]Observation 3. DL reception/monitoring of the channel/signal other than SSBs based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated is regarded as an event for unpaired spectrum.
[bookmark: _Toc95158522]Observation 4. DL reception/monitoring of the SSBs based on ssb-PositionInBurst is regarded as an event due to collision with the PUSCH transmission for unpaired spectrum.
[bookmark: _Toc95158523]Observation 5. Whether/how DL reception/monitoring in general, including SSBs, is regarded as an event has not been specified for HD-FDD UEs.
In RAN1#107-bis-e meeting, RAN1 discussed how to specify events due to DL reception/monitoring for HD-FDD UEs. However, no conclusion was made on this aspect since it was commented by some companies that whether DL reception/monitoring other than SSBs should be regarded as event for HD-FDD UEs or not is unclear. To further analyze this aspect, let us summarizes all collision cases for HD-FDD UEs and the corresponding handling agreed under RedCap WI in Table 1.
[bookmark: _Ref94631315]Table 1. Summary of collision cases for reduced capability HD-FDD UEs.
	Case
	Collision
	Agreements

	1
	Dynamically scheduled DL reception vs. semi-statically configured UL transmission, e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
	Reuse existing collision handling principles

	2
	Semi-statically configured DL reception vs. dynamically scheduled UL transmission, e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
	Reuse existing collision handling principles
RedCap UE is not required to monitor ULCI. No special handling on the priority rule for PDCCH carrying ULCI.

	3
	Semi-statically configured DL reception vs. semi-statically configured UL transmission 
	Error case, i.e. not expected by UE

	4
	Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
	Error case, i.e. not expected by UE

	5
	Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS
	For configured and dynamically scheduled UL transmission (CG-PUSCH, SRS, PUCCH), re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission.
For Msg3, FFS which one (Msg3 or SSB) is prioritized.

	8
	Dynamic or semi-static DL vs. valid RO
	All ROs applicable to RedCap UEs are valid.
For RO overlapping with (1) PDCCH in Type 0/0A/1/2 CSS set, (2) UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), (3) SSB, (4) dynamically scheduled DL reception, leave it to UE implementation whether to receive DL or transmit PRACH

	9
	Collision due to direction switching
	Reuse existing collision handling principles

	10
	MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception
	Leave to UE implementation to prioritize the DL reception or MsgA PUSCH transmission

	11
	“back-to-back” non-overlapping UL/DL without sufficient gap
	(1) “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied

(2) “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., SSB vs. CG PUSCH, PUCCH or SRS
· Configured UL transmission is cancelled (as in the overlapping case)

(3) “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO
· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time


From Table 1, it can be observed that overlapping of DL reception/monitoring and UL transmission does exist for HD-FDD UEs, and suitable agreements on collision handling rules have been made. This shows that HD-FDD UEs cannot receive and transmit at the same time irrespective of the DL/UL transmission type. Therefore, any DL reception/monitoring in general, including SSBs, should be regarded as an event for HD-FDD UEs, regardless of whether it is overlapped with the UL transmission or not.
[bookmark: _Toc95158524]Observation 6. Overlapping of DL reception/monitoring and UL transmission does exist for HD-FDD UEs, which requires collision handling rules. This shows that HD-FDD UEs cannot receive and transmit at the same time irrespective of the DL/UL transmission type.
[bookmark: _Toc95158525]Observation 7. Any DL reception/monitoring in general, including SSBs, should be regarded as an event for HD-FDD UEs, regardless of whether it is overlapped with the UL transmission or not.
From the above observations, we propose the following:
[bookmark: _Toc95158549]Proposal 2. RAN1 to adopt the following text proposal for Clauses 6.1.7 of TS 38.214 (changes are highlighted in red).
	Reason for change:
	Completion of DM-RS bundling for coverage enhancement in NR.

	
	

	Summary of change:
	Add descriptions for the events constituted by DL reception/monitoring for HD-FDD UEs.

	
	

	Consequences if not approved:
	Incomplete support for DM-RS bundling in NR for HD-FDD UEs.

	
	

	Clauses affected:
	6.1.7

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 38.211, TS 38.212, TS 38.214

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


	<<omitted text>>
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.
· A downlink reception or downlink monitoring for the case of reduced capability half-duplex UE in paired spectrum and SUL band.
<<omitted text>>



TPC command handling
In RAN1#107-e meeting, the following working assumption was made for the handling of TPC commands:
	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 addition, the following conclusion was made in RAN1#107-bis-e meeting:
	Conclusion
It is not expected to redefine transmission occasion for PUSCH/PUCCH for DMRS bundling in Rel-17.


The above working assumption not only provides a clear UE behavior, but also well captures the majority’s view on the handling of TPC commands in case of joint channel estimation. However, in RAN1#107-bis-e meeting, it was discussed whether the absolute TPC commands with DCI format 2_2 is supported in Rel-15/16 or not. The issue came from the fact that the timeline for applying the absolute TPC commands is unclear in the current specification. As pointed out in our companion contribution submitted to AI 7.1 [3], TS 38.213 clearly defines the functionality for the DCI format 2_2 to provide TPC commands for both power control modes and the timeline issue can also be clarified easily by considering the timeline of TPC accumulation mode. Therefore, no operational issue related to the above working assumption has been identified. We propose confirming the above working assumption.
[bookmark: _Toc95158550]Proposal 3. RAN1 to confirm the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2.
Although the concept in the above working assumption is clear and helps improving joint channel estimation performance (and hence improving coverage) by avoiding the segmentation of nominal TDW due to TPC commands, capturing the concept in specification is not straightforward. Indeed, at least for the case when the UE is configured to accumulate TPC commands, the legacy TPC commands accumulation procedure is not compatible with the working assumption. Before going into details of such incompatibility, let us briefly recall the legacy TPC commands accumulation procedure. In a nutshell, to determine the power control adjustment for a PUSCH transmission occasion  (which is referred to as  hereafter for the sake of brevity), the UE must firstly determine a valid integer value for  such that  is the smallest integer for which  symbols before  is earlier than  symbols before . The UE then accumulates the TPC command values between  symbols before  and  symbols before , wherein  is: 
· a number of  symbols, which is the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon, if the PUSCH transmission is configured by ConfiguredGrantConfig.
· a number of symbols after the last symbol of a corresponding PDCCH reception and before the first symbol of a PUSCH transmission, if the PUSCH transmission is scheduled by DCI.
Issue with configured grant (CG) PUSCH transmissions in case of TPC accumulation
This section shows the incompatibility of the legacy TPC commands accumulation procedure and the above working assumption for joint channel estimation in case of CG PUSCHs. Figure 1 shows an example of applying the legacy TPC commands accumulation procedure in case joint channel estimation is applied for PUSCH repetitions with configured grant. In this example,  are PUSCH repetitions with configured grant type 1. The dashed red boxes illustrate the nominal TDWs applied on the PUSCH repetitions. For completeness, let us assume that  is scheduled by  and hence, the power control state used for (i.e., the power control state before the PUSCH repetitions) is . Let us also assume that  and  carry DCIs format 2_2 with group common TPC commands, which illustrate the cases of group common TPC commands arriving outside and inside a nominal TDW. The TPC command values associated with , , and  are denoted by , and , respectively. Finally,  is a set of TPC command values that should be accumulated for .
Following the legacy TPC commands accumulation presented above, since the PUSCH repetitions are configured grant PUSCHs,  of the PUSCH repetitions are the same and equal to  multiplied by the minimum of the values provided by k2 in PUSCH-ConfigCommon, i.e., , where the corresponding durations depicted in Figure 1 capture the fact that said durations are function of the minimum k2 in PUSCH-ConfigCommon. The resulting power control states for and  are as follows.
· For , since  symbols before  is earlier than  symbols before , therefore . The power control state  used for  should accumulate all TPC command values within  symbols before  and  symbols before , which is . Thus, .
· For , since  symbols before  is earlier than  symbols before , therefore . The power control state  used for  should accumulate all TPC command values within  symbols before  and  symbols before , which is . Thus, .
· For  and , since there is no other TPC command in between  and  in this example, it can be deduced that  .
From the above example, it can be observed that the power control states of  and , which are in the same nominal TDW, are different (). In other words, the legacy TPC commands accumulation procedure is not compatible with the working assumption, which requires the UE to accumulate TPC commands without taking effect during the current nominal TDW.
[image: ]
[bookmark: _Ref92199684]Figure 1. An example of legacy TPC commands accumulation in case joint channel estimation is applied for PUSCH repetitions () with configured grant.

[bookmark: _Toc95158526]Observation 8. For CG PUSCH transmissions, the legacy TPC commands accumulation procedure is not compatible with the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2 in case of joint channel estimation.
[bookmark: _Ref92288980]Issue with dynamic grant (DG) PUSCH transmissions in case of TPC accumulation
The discussion in the previous section paves the way towards another analysis, related to the possible inefficiencies and issues of legacy TPC commands accumulation procedure in case of DG PUSCHs for coverage shortage scenarios (as the ones considered in Rel-17). Figure 2 shows an example of legacy TPC commands accumulation procedure in case joint channel estimation is applied for PUSCH repetitions with dynamic grant. In this example,  are PUSCH repetitions scheduled by . The dashed red boxes illustrate the nominal TDWs applied on the PUSCH repetitions. For completeness, let us assume that  is scheduled by  and hence, the power control state used for (i.e., the power control state before the PUSCH repetitions) is . Let us also assume that  carries DCI format 2_2 with group common TPC command. The TPC command values associated with , , and  are denoted by , and , respectively. Finally,  is a set of TPC command values that should be accumulated for .
In RAN1#107-bis-e meeting, there was a discussion on how to interpret the timeline for TPC accumulation in case the PUSCH repetitions are scheduled by a DCI. In one interpretation,  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission occasion i. In another interpretation,  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the first PUSCH repetition for a TB. The  is then applied for all PUSCH transmission occasions of the PUSCH repetition. As discussed in our companion contribution submitted to AI 7.1 [4], the main difference between the two interpretations is that the former freezes the power control to the same setting for all repeated instances of one TB (one slot aggregate), while the latter includes subsequent TPC commands during the transmission of the slot aggregate, if received. Reason for the former to be a correct interpretation is twofold. Firstly, the timeline defined for TPC command is applied per transmission occasion throughout the specification. Secondly, the exact timeline for the PUSCH repetitions other than the first one is not defined in the specification.
Following the above understanding,  of the  is a number of symbols after the last symbol of the corresponding PDCCH reception and before the first symbol of . Hence, the power control states for and  are as follows.
· For , since  symbols before  is earlier than  symbols before , therefore . The power control state  used for  should accumulate all TPC command values within  symbols before  and  symbols before , which is . Thus, .
· For , since  symbols before  is not earlier than  symbols before , however,  symbols before  is earlier than  symbols before ,  therefore . The power control state  used for  should accumulate all TPC command values within  symbols before  and  symbols before , which is . Thus, .
· For  and , calculation yields  and  for  and , respectively. Thus,  .

[image: ]
[bookmark: _Ref92286698]Figure 2. An example of legacy TPC commands accumulation in case joint channel estimation is applied for PUSCH repetitions () scheduled by a dynamic grant (.
From the above example, it can be observed that, although the power control states of  and  which belong to the same nominal TDW are the same (i.e.,  is not taken into account for the current nominal TDW), the TPC command value  is not considered in any of the subsequent nominal TDW either. In other words, the legacy TPC commands accumulation procedure does not allow a UE to apply any power update to the PUSCH repetitions that are dynamically scheduled by a PDCCH if the TPC command is provided in DCI format 2_2 conveyed by another PDCCH that comes after the scheduling PDCCH. In this case, the TPC command provided by DCI format 2_2 cannot be timely applied to any of the PUSCH repetitions in any of the nominal TDW. This is unfortunate for coverage shortage scenarios, wherein the timing of power adjustment is critical.
[bookmark: _Toc95158527]Observation 9. For DG PUSCH transmissions, the legacy TPC commands accumulation procedure does not allow a UE to apply any power update to the PUSCH repetitions that are dynamically scheduled by a PDCCH if the TPC command is provided in DCI format 2_2 conveyed by another PDCCH that comes after the scheduling PDCCH. The TPC command provided by DCI format 2_2 cannot be timely applied to any of the PUSCH repetitions in any of the nominal TDWs.
From the above observations, it can be concluded that modification to the legacy TPC commands accumulation procedure is needed to make use of the above working assumption for CG PUSCH transmissions and, if possible, tackle the limitation above for DG PUSCH transmission. However, any modification to the legacy TPC commands accumulation procedure should be simple and the impact on other features should be minimized.
[bookmark: _Toc95158551]Proposal 4. Any modification to the legacy TPC commands accumulation procedure for capturing the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2 should be simple and the impact on other features should be minimized.
Potential solutions for the TPC accumulation case
In RAN1#107-bis-e meeting, several options for the modification of the legacy TPC commands accumulation procedure have been proposed without reaching any consensus. The following options were discussed:
· 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.,  in case of DM-RS bundling is a number of symbols from K symbols before the start of 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 2: 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.
· Option 3: Modify the behavior for accumulating TPC command value, e.g. by 
· 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  occurs after the nominal time domain window, , where  is the TPC command values that would take effect between the first symbol of the previous nominal time domain window and the first symbol of current nominal time domain window.
This option 3 has been extensively discussed in RAN1#107-bis-e meeting, and has evolved as highlighted by FL proposal 13b reported below:
	Proposal 13b: For group common TPC commands with format 2_2 for CG-PUSCH, 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.
· [bookmark: OLE_LINK3]For the first transmission occasion  occuring 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) between the first symbol of the previous nominal time domain window and the first symbol of current nominal time domain window.


Among the above 3 options, we do see the following issues with Option 2 and Option 3:
· Issue with Option 2: Option 2 requires a new set of rules to properly characterize UE behavior in case a TPC command received via DCI 0_x is received during a nominal TDW. Indeed, such DCI formats are used to schedule a PUSCH, and may or may not adjust the power control of an already scheduled PUSCH. So, we do not see how creating two subsets of  would help ensuring power consistency within a nominal TDW. Furthermore, this would force the devices involved in the communication to keep track of two sets of , instead of one, with no evident advantage brought by this change alone.
· Issue with Option 3: The main issue with Option 3 is that, instead of modifying one parameter that is required for TPC accumulation procedure as proposed in Option 1 or Option 2, it changes the entire TPC accumulation procedure and algorithm altogether for UEs configured with DM-RS bundling. This option requires a UE to operate with at least three different power control algorithms for one specific channel (e.g. PUSCH), i.e., for the cases when (i) the PUSCH transmission is scheduled/configured without repetitions, (ii) the PUSCH transmission is scheduled/configured with repetitions and (iii) for the first PUSCH transmission that occurs after the end of a time domain window:
· If a UE is scheduled a PUSCH transmission without repetitions, the UE shall apply the legacy algorithm based on  for determining the power of transmission occasion :
[image: ]
· If a UE is scheduled a PUSCH transmission with repetitions, the UE shall apply the legacy algorithm based on  for determining the power of the first transmission occasion  within the first time domain window, and then apply a different procedure for any other transmission occasion  within the same first time domain window, 
· If a UE is scheduled a PUSCH transmission with repetitions, and more than one time domain window is created, the UE has to apply yet another procedure for only the first transmission occasion  within a second time domain window, i.e., for the first transmission occasion  occurring after the nominal time domain window, , where  are all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (that is, including occasion k itself)). It is worth noticing that such a text shall have to be refined to account for possible TPC commands that arrive right before transmission occasion , but even in such a case we are not sure how this could be handled. The usage of the legacy procedure (with  and ) is in this case not possible, since  and all previous (earlier than ) TPC commands would get ignored. At the same time  shall be different than  to reflect the TPC commands received during the first TDW, such that a third algorithm () shall have to be applied by the UE for this transmission occasion.
· If a UE is scheduled a PUSCH transmission with or without repetitions after a PUSCH transmission with repetitions (and TDW), the UE cannot use the legacy procedure for determining the power of such transmission (or first transmission in case of repetitions) because else all the TPC commands received during the last nominal TDW of the previous PUSCH transmission would get ignored. The same algorithm of previous bullet needs to be applied by the UE in this case, i.e., for the first transmission occasion  occurring after the nominal time domain window, , where  are  all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (that is, including occasion k itself). 
In other words, this solution would be creating two classes of PUSCH transmissions (from a power control point of view), and the application of a certain algorithm for determining the transmitted power of a generic PUSCH transmission depends on whether the PUSCH transmission comes after another PUSCH transmission with repetitions (and DMRS bundling) or not. In addition, at least three algorithms need to be maintained at a UE for power control determination of a transmission occasion of a certain channel (e.g., PUSCH), with this solution.

Consider now Figure 3 which shows an example of TPC accumulation with Option 3, wherein  are PUSCH repetitions with configured grant and T(i) is the time duration within which TPC commands will be accumulated for PUSCHi, i.e., to define . It can be observed from Figure 3 that:
· Any TPC command within  symbols before  (i.e., the first PUSCH repetition) is not accumulated at all following the current wording of Option 3.
· The timeline ,  and  are not used anymore. In other words, Option 3 modifies the use of , in the case the UE is configured with DM-RS bundling. In particular,  for a certain transmission occasion  will have to be ignored in case the UE is configured a PUSCH/PUCCH transmission with a number of repetitions and will have to be used in the case the UE is configured a PUSCH/PUCCH transmission without repetitions.
· [bookmark: _Hlk95473155]An exception to power control handling of the first PUSCH transmission after the end of the repetitions will need to be agreed.
· The time duration T(3) and T(5) are not defined. In other words, Option 3 also modifies the definition of .
[image: ]
[bookmark: _Ref94790520]Figure 3. An example of TPC accumulation with Option 3.
Option 1 can tackle all aforementioned issues by simply modifying the definition of  for the PUSCH repetitions within a nominal TDW. In other words, Option 1 defines a common starting point for  of any  that belongs to the same nominal TDW. Figure 4 shows an example of TPC accumulation with Option 1, wherein  are PUSCH repetitions with configured grant and T(i) is the time duration within which TPC commands will be accumulated for PUSCHi, i.e., to define . It can be observed from Figure 4 that:
· Option 1 fully respects the legacy TPC accumulation procedure. A UE would determine the power of all the PUSCH repetitions based on the legacy algorithm defined in TS 38.213. No new procedure needs to be defined, for UEs scheduled with PUSCH repetitions and configured with DMRS bundling.
· A UE would not have to treat a PUSCH transmission after PUSCH repetitions (with DMRS bundling) any differently than a generic PUSCH transmission. The algorithm defined in TS 38.213 straightforwardly applies to this scenario. Hence, differently from Option 3, no exception to power control handling of the first PUSCH transmission after the end of the repetitions would be needed for Option 1.
· The time duration for accumulating TPC commands is clear for each PUSCH repetition.
· All received TPC commands are correctly accumulated.
· The new definition of  would apply only within a nominal time domain window in the case the UE is configured with DMRS bundling. Power control determination and  for any other transmission occasion is unchanged, even if the transmission occasion occurs right after the end of a nominal TDW.
In addition, it is worth noting that Option 1 works for both DG and CG and it hence can remove the limitation as mentioned in Section 2.3.2 for DG PUSCH. 

[image: ]
[bookmark: _Ref94793220]Figure 4. An example of TPC accumulation with Option 1.
From the above examples, the following advantages can be observed by defining a common starting point for  of any  that belongs to the same nominal TDW, in case of DM-RS bundling (i.e., Option 1):
· The legacy TPC commands accumulation procedure can be kept without any modification, i.e., one unified algorithm can be applied by a UE for determining the power of a transmission occasion regardless of whether it belongs to a PUSCH repetition bundle or not. Only the definition of  is modified and only for the PUSCH transmissions associated with joint channel estimation when the joint channel estimation feature is enabled. Therefore, the specification impact is small. In addition, since the TPC commands accumulation procedure is not modified, the implementation impact is also negligible.
· This approach works for both DG and CG PUSCH transmissions.
· For DG PUSCH transmission, this approach helps removing the limitation mentioned in Section 2.3.2 by allowing TPC command value(s) received within one nominal TDW to be applied in the subsequent nominal TDW instead of waiting until the end of the PUSCH repetitions/transmissions.
It is also worth observing that only the definition of  is changed in case of DMRS bundling as per Option 1, but not the procedure for the determination of the transmit power to be used in each transmission occasion. Some observations in this regard were made by some companies during RAN1 #107-bis-e, which were not accurate. Indeed, and differently from Option 2 and Option 3, Option 1 fully preserves legacy procedures and algorithms and simply redefines one of the quantities/variables used by such procedures in case of DMRS bundling. No other change is needed.
From the discussion above, we propose the following:
[bookmark: _Toc95158552]Proposal 5. Legacy definition of  is kept for PUSCH transmissions without DM-RS bundling.  for PUSCH transmissions within a nominal TDW is modified in case of DM-RS bundling. e.g.,  is a number of symbols from K symbols before the start of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· K is equal to  as defined in the specification for CG PUSCH, i.e., “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 ”.
Text Proposal for TS 38.213
[bookmark: _Toc95158553]Proposal 6. RAN1 to adopt the following text proposal for Clauses 7.1.1 and 7.2.1 of TS 38.213 (changes are highlighted in red).
	Reason for change:
	Completion of DM-RS bundling for coverage enhancement in NR.

	
	

	Summary of change:
	Add descriptions for application of TPC commands for repetitions with DM-RS bundling, for both PUSCH and PUCCH.

	
	

	Consequences if not approved:
	Incomplete support for DM-RS bundling in NR.
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	***Unchanged text is omitted ***
7.1.1	UE behaviour
***Unchanged text is omitted ***
-	 is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the UE is not provided tpc-Accumulation, where 
-	The  values are given in Table 7.1.1-1
-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
-  If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’,  is a number of symbols for active UL BWP  of carrier  of serving cell  from K symbols before the first symbol of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i, where the nominal time domain window is determined as described in [6, TS 38.214] and 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 .
-  If the UE is not provided PUSCH-DMRS-Bundling = ‘enabled’,
-	If a PUSCH transmission is scheduled by a DCI format,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission is configured by ConfiguredGrantConfig,  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 
-	If the UE has reached maximum power for active UL BWP  of carrier  of serving cell  at PUSCH transmission occasion  and , then 
-	If UE has reached minimum power for active UL BWP  of carrier  of serving cell  at PUSCH transmission occasion  and , then 
-	A UE resets accumulation of a PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  to 
-	If a configuration for a corresponding  value is provided by higher layers
-	If a configuration for a corresponding  value is provided by higher layers
where  is determined from the value of  as 
-	If  and the UE is provided higher SRI-PUSCH-PowerControl,  is the sri-PUSCH-ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-P0-PUSCH-AlphaSetId value corresponding to  
-	If  and the UE is not provided SRI-PUSCH-PowerControl or , 
-	If ,  is provided by the value of powerControlLoopToUse
-  If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’ and tpc-Accumulation,  is the PUSCH power control adjustment state l for active UL BWP b of carrier f of serving cell c and PUSCH transmission occasion i, which is identical for all transmission occasions belonging to a nominal TDW, and equal to the absolute value  carried by the last TPC command before the first symbol of the nominal TDW including transmission occasion i, and provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI
-	If the UE is not provided PUSCH-DMRS-Bundling = ‘enabled’,  is the PUSCH power control adjustment state for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
-	 absolute values are given in Table 7.1.1-1
***Unchanged text is omitted ***

7.2.1	UE behaviour
***Unchanged text is omitted ***
-	For the PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format scheduling a PDSCH reception for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ], or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 38.212], as described in clause 11.3
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo
-	If the UE obtains a TPC command value from a DCI format scheduling a PDSCH reception and if the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of values for closedLoopIndex that provide the [image: ] value(s). If the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the value closedLoopIndex that provides the value of [image: ] through the link to a corresponding p0-PUCCH-Id index 
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2
-	[image: ] is the current PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ], where 
-	The [image: ] values are given in Table 7.1.2-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUCCH transmission occasion [image: ] and [image: ] symbols before PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] for PUCCH power control adjustment state, where [image: ] is the smallest integer for which [image: ] symbols before PUCCH transmission occasion [image: ] is earlier than [image: ] symbols before PUCCH transmission occasion [image: ]
-  If the UE is provided PUCCH-DMRS-Bundling = ‘enabled’,  is a number of symbols for active UL BWP  of carrier  of serving cell  from K symbols before the first symbol of the time domain window including the transmission occasion  to the first symbol of the transmission occasion , where the time domain window is determined as described in [6, TS 38.214] and K is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ].
-  If the UE is not provided PUCCH-DMRS-Bundling = ‘enabled’,
-	If the PUCCH transmission is in response to a detection by the UE of a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUCCH transmission
-	If the PUCCH transmission is not in response to a detection by the UE of a DCI format, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ]
-	If the UE has reached maximum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ]
-	If UE has reached minimum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ] 
***Unchanged text is omitted ***



RRC parameters
In RAN1#107-bis-e meeting, the following agreement was made:
	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.


It can be observed that the maximum value of PUSCH-TimeDomainWindowLength and PUCCH-TimeDomainWindowLength are still in square bracket and should be resolved in RAN1#108-e meeting. The confirmation of the maximum value of nominal TDW length depends on the maximum duration given the agreement that nominal TDW length cannot be greater than maximum duration. The following can be noted from the latest reply LS from RAN4 [4]:
	RAN4 replied to LS R1-2106212 from RAN1 regarding maximum duration earlier with R4-2120002 but length of maximum duration was still left open. In an earlier LS RAN4 indicated that up to 32 slots was being discussed. RAN4 will further discuss the feasible value(s) for maximum duration and has considered the following:
UE reports the single value per band 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. Values RAN4 being considered are 5, 8, 16 or 32 slots.


It can be observed from the above LS that maximum duration can be up to 32 slots, depending on UE capability. Therefore, the value range of nominal TDW length should go up to 32 to allow gNB to schedule such window length in case UE is capable of supporting 32 slots maximum duration. In this context, it should be noted that the 32 slots of the TDW are consecutive, hence such window duration would almost never be able to actually cover all 32 repetitions in case of counting based on available slots. Therefore, since agreeing on an even lower number would be excessively detrimental, RAN1 should confirm that the value range of PUSCH-TimeDomainWindowLength is INTEGER (2, …, 32). For PUCCH, it was discussed during RAN1#107-bis-e meeting that values greater than 8 slots are not needed for nominal TDW length given that the maximum supported number of PUCCH repetitions is 8. This argument may be valid in FDD, where both nominal TDW length and PUCCH repetitions are counted on consecutive slots. However, similar to what was said above for PUSCH with counting based on available slot, it is not valid in TDD given that the nominal TDW length is counted on consecutive slots while the PUCCH repetitions is counted on available slots. Therefore, a maximum value of nominal TDW length greater than 8 should be considered for PUCCH to avoid unnecessary restriction. In this context and considering the slot structure currently being considered in RAN4 for specifying performance requirements for JCE, i.e., 7D1S2U, we propose to use the same range for both PUSCH and PUCCH.
[bookmark: _Toc95158554]Proposal 7. The value range for both PUSCH-TimeDomainWindowLength and PUCCH-TimeDomainWindowLength is INTEGER (2, ..., 32).

[bookmark: _Toc67700564]Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to joint channel estimation in Rel-17. The following observations have been made:
Observation 1. The confirmed working assumption in RAN1#107-bis-e should be read in the context that UE capability of restarting DM-RS bundling is applied for dynamic events only, i.e., “if UE is not capable of restarting DM-RS bundling in response to dynamic events, no new actual TDW is created in response to dynamic events until the end of the configured TDW”.
Observation 2. Given that semi-static events are known beforehand by RRC configuration, the UE knows when the semi-static events happen and can prepare in advance new actual TDW after each semi-static event, regardless of whether dynamic events happen before the semi-static event or not.
Observation 3. DL reception/monitoring of the channel/signal other than SSBs based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated is regarded as an event for unpaired spectrum.
Observation 4. DL reception/monitoring of the SSBs based on ssb-PositionInBurst is regarded as an event due to collision with the PUSCH transmission for unpaired spectrum.
Observation 5. Whether/how DL reception/monitoring in general, including SSBs, is regarded as an event has not been specified for HD-FDD UEs.
Observation 6. Overlapping of DL reception/monitoring and UL transmission does exist for HD-FDD UEs, which requires collision handling rules. This shows that HD-FDD UEs cannot receive and transmit at the same time irrespective of the DL/UL transmission type.
Observation 7. Any DL reception/monitoring in general, including SSBs, should be regarded as an event for HD-FDD UEs, regardless of whether it is overlapped with the UL transmission or not.
Observation 8. For CG PUSCH transmissions, the legacy TPC commands accumulation procedure is not compatible with the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2 in case of joint channel estimation.
Observation 9. For DG PUSCH transmissions, the legacy TPC commands accumulation procedure does not allow a UE to apply any power update to the PUSCH repetitions that are dynamically scheduled by a PDCCH if the TPC command is provided in DCI format 2_2 conveyed by another PDCCH that comes after the scheduling PDCCH. The TPC command provided by DCI format 2_2 cannot be timely applied to any of the PUSCH repetitions in any of the nominal TDWs.

In addition, the following proposals have been made:

Proposal 1. For UE not capable of restarting DM-RS bundling in response to dynamic events,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Note: No specification impact is expected.

Proposal 2. RAN1 to adopt the following text proposal for Clauses 6.1.7 of TS 38.214 (changes are highlighted in red).
	Reason for change:
	Completion of DM-RS bundling for coverage enhancement in NR.

	
	

	Summary of change:
	Add descriptions for the events constituted by DL reception/monitoring for HD-FDD UEs.

	
	

	Consequences if not approved:
	Incomplete support for DM-RS bundling in NR for HD-FDD UEs.

	
	

	Clauses affected:
	6.1.7
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	<<omitted text>>
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.
· A downlink reception or downlink monitoring for the case of reduced capability half-duplex UE in paired spectrum and SUL band.
<<omitted text>>



Proposal 3. RAN1 to confirm the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2.
Proposal 4. Any modification to the legacy TPC commands accumulation procedure for capturing the working assumption made in RAN1#107-e meeting on the handling of group common TPC commands with DCI format 2_2 should be simple and the impact on other features should be minimized.
Proposal 5. Legacy definition of  is kept for PUSCH transmissions without DM-RS bundling.  for PUSCH transmissions within a nominal TDW is modified in case of DM-RS bundling. e.g.,  is a number of symbols from K symbols before the start of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· K is equal to  as defined in the specification for CG PUSCH, i.e., “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 ”.

Proposal 6. RAN1 to adopt the following text proposal for Clauses 7.1.1 and 7.2.1 of TS 38.213 (changes are highlighted in red).
	Reason for change:
	Completion of DM-RS bundling for coverage enhancement in NR.

	
	

	Summary of change:
	Add descriptions for application of TPC commands for repetitions with DM-RS bundling, for both PUSCH and PUCCH.

	
	

	Consequences if not approved:
	Incomplete support for DM-RS bundling in NR.

	
	

	Clauses affected:
	7.1.1, 7.2.1

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 38.211, TS 38.212, TS 38.214

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
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	TS/TR ... CR ... 

	
	

	Other comments:
	



	***Unchanged text is omitted ***
7.1.1	UE behaviour
***Unchanged text is omitted ***
-	 is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the UE is not provided tpc-Accumulation, where 
-	The  values are given in Table 7.1.1-1
-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
-  If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’,  is a number of symbols for active UL BWP  of carrier  of serving cell  from K symbols before the first symbol of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i, where the nominal time domain window is determined as described in [6, TS 38.214] and 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 .
-  If the UE is not provided PUSCH-DMRS-Bundling = ‘enabled’,
-	If a PUSCH transmission is scheduled by a DCI format,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission is configured by ConfiguredGrantConfig,  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 
-	If the UE has reached maximum power for active UL BWP  of carrier  of serving cell  at PUSCH transmission occasion  and , then 
-	If UE has reached minimum power for active UL BWP  of carrier  of serving cell  at PUSCH transmission occasion  and , then 
-	A UE resets accumulation of a PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  to 
-	If a configuration for a corresponding  value is provided by higher layers
-	If a configuration for a corresponding  value is provided by higher layers
where  is determined from the value of  as 
-	If  and the UE is provided higher SRI-PUSCH-PowerControl,  is the sri-PUSCH-ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-P0-PUSCH-AlphaSetId value corresponding to  
-	If  and the UE is not provided SRI-PUSCH-PowerControl or , 
-	If ,  is provided by the value of powerControlLoopToUse
-  If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’ and tpc-Accumulation,  is the PUSCH power control adjustment state l for active UL BWP b of carrier f of serving cell c and PUSCH transmission occasion i, which is identical for all transmission occasions belonging to a nominal TDW, and equal to the absolute value  carried by the last TPC command before the first symbol of the nominal TDW including transmission occasion i, and provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI
-	If the UE is not provided PUSCH-DMRS-Bundling = ‘enabled’,  is the PUSCH power control adjustment state for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
-	 absolute values are given in Table 7.1.1-1
***Unchanged text is omitted ***

7.2.1	UE behaviour
***Unchanged text is omitted ***
-	For the PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format scheduling a PDSCH reception for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ], or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 38.212], as described in clause 11.3
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo
-	If the UE obtains a TPC command value from a DCI format scheduling a PDSCH reception and if the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of values for closedLoopIndex that provide the [image: ] value(s). If the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the value closedLoopIndex that provides the value of [image: ] through the link to a corresponding p0-PUCCH-Id index 
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2
-	[image: ] is the current PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ], where 
-	The [image: ] values are given in Table 7.1.2-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUCCH transmission occasion [image: ] and [image: ] symbols before PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] for PUCCH power control adjustment state, where [image: ] is the smallest integer for which [image: ] symbols before PUCCH transmission occasion [image: ] is earlier than [image: ] symbols before PUCCH transmission occasion [image: ]
-  If the UE is provided PUCCH-DMRS-Bundling = ‘enabled’,  is a number of symbols for active UL BWP  of carrier  of serving cell  from K symbols before the first symbol of the time domain window including the transmission occasion  to the first symbol of the transmission occasion , where the time domain window is determined as described in [6, TS 38.214] and K is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ].
-  If the UE is not provided PUCCH-DMRS-Bundling = ‘enabled’,
-	If the PUCCH transmission is in response to a detection by the UE of a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUCCH transmission
-	If the PUCCH transmission is not in response to a detection by the UE of a DCI format, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ]
-	If the UE has reached maximum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ]
-	If UE has reached minimum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ] 
***Unchanged text is omitted ***



Proposal 7. The value range for both PUSCH-TimeDomainWindowLength and PUCCH-TimeDomainWindowLength is INTEGER (2, ..., 32).
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