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[bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]This contribution discusses the remaining issues on joint channel estimation for PUSCH and PUCCH, stemming from discussions and agreements made in RAN1 #109-e.
[bookmark: _Toc67700557]Discussion
Restarting of actual time domain window (TDW)
In RAN1#109-e, discussion on whether a UE is expected to restart an actual TDW after a semi-static event finished with the following feature lead proposal:
	Proposal 3-v4:
· For UE not capable of restarting DMRS bundling in response to dynamic events subject to FG-4g, 
· UE is able to restart DMRS bundling after a semi-static event, if there are no precedent dynamic events and no overlapping dynamic events with the semi-static event within the nominal TDW. 
· It’s subject to UE capability whether UE can restarting DMRS bundling after a semi-static event, if there are precedent dynamic events or overlapping dynamic events with the semi-static event within the nominal TDW. 
· UE Cap 0: UE has no ability to restart DMRS bundling after a dynamic event, i.e., after a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the end of the nominal TDW. This behaviour applies even if semi-static events occur after or overlapping with the dynamic event within the nominal TDW.
· UE Cap 1: UE is always able to restart DMRS bundling after semi-static events. In case a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the next semi-static event (if any) before the end of the nominal TDW, and UE restarts DMRS bundling after the semi-static event.
· For UE capable of restarting DM-RS bundling in response to dynamic events subject to FG-4g, 
· UE Cap 2: UE has full ability to restart DMRS bundling, i.e., UE restarts DMRS bundling after any dynamic or semi-static events.
· How to define the UE capability is discussed in UE feature session.


This proposal defines three different UE capabilities for restarting of DMRS bundling after a semi-static event, based on different conditions. In particular, UE Cap 0 states that a UE is not able to restart DMRS bundling after a dynamic event, even if a semi-static event occurs after it but within the same nominal TDW. The rationale behind this capability is however not yet fully clear to us. After all, the operations that the UE should do to restart DMRS bundling after semi-static require a certain planning, which is the core reason of the differentiation between semi-static events (by-product of higher-layer signaling and known well in advance) and dynamic events (by-product of dynamic signaling and hence not always predictable). In this context, once a UE has planned for restarting DMRS bundling after a semi-static event, the occurrence of a dynamic event prior to, or overlapping with, that should be independent and not impact the restarting after the semi-static event. If this were not the case, then the differentiation between semi-static and dynamic events would not be needed.
For this reason, only the spirit of UE Cap 1 and UE Cap 2 is aligned with the rationale of differentiating between semi-static and dynamic event, and also fully in line with the current specification text. Indeed, for the cases in which PUCCH-Window-Restart or PUSCH-Window-Restart is not enabled, UE behavior in case a semi-static event happens is well described in Clause 6.1.7 of TS 38.214, as quoted below. Therefore, even if the semi-static event occurs after or overlaps with a dynamic event, UE shall create a new actual TDW after the semi-static event, based on above UE Cap 1. No specification change is needed to account for this behavior.
	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 propose the following:
[bookmark: _Toc95158548][bookmark: _Ref101448155]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.

m-TRPs mapping with DMRS bundling
Rel-17 work item for m-TRP introduces the possibility of transmitting different PUSCH repetitions or PUCCH repetitions towards different TRPs. This is supported by configuring two SRS resource sets (for PUSCH repetitions) or two spatial settings or two power control parameters sets (for PUCCH repetitions) associated with two TRPs, and repetitions towards each TRP follow the SRS resource set or spatial setting or power control parameter sets associated with that TRP.   
Since the Rel-17 work items for m-TRP and coverage enhancements have been carried out in parallel, currently, Section 6.1.2.1 of TS 38.214 and Section 9.2.6 of TS 38.213 only specify the mapping between SRS resource sets and PUSCH repetitions and the mapping between spatial settings/power control parameters sets and PUCCH repetitions without considering the new features for Rel-17 coverage enhancements, namely the joint channel estimation feature, which is also applicable for PUSCH repetition type A and PUCCH repetition.
An excerpt of Section 6.1.2.1 of TS 38.214 is as follows:
	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', for PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot, and the association of the first and second SRS resource set in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 to each slot is determined as follows:
[bookmark: _Hlk86150244]-	if a DCI format 0_1 or DCI format 0_2 indicates codepoint "00" for the SRS resource set indicator, the first SRS resource set is associated with all K consecutive slots,
-	if a DCI format 0_1 or DCI format 0_2 indicates codepoint "01" for the SRS resource set indicator, the second SRS resource set is associated with all K consecutive slots,
-	if a DCI format 0_1 or DCI format 0_2 indicates codepoint "10" for the SRS resource set indicator, the first and second SRS resource set association to K consecutive slots is determined as follows: 
-	When K = 2, the first and second SRS resource sets are applied to the first and second slot of 2 consecutive slots, respectively.  
-	When K > 2 and cyclicMapping in PUSCH-Config is enabled, the first and second SRS resource sets are applied to the first and second slot of K consecutive slots, respectively, and the same SRS resource set mapping pattern continues to the remaining slots of K consecutive slots. 
-	When K > 2 and sequentialMapping in PUSCH-Config is enabled, first SRS resource set is applied to the first and second slots of K consecutive slots, and the second SRS resource set is applied to the third and fourth slot of K consecutive slots, and the same SRS resource set mapping pattern continues to the remaining slots of K consecutive slots.
-	Otherwise, a DCI format 0_1 or DCI format 0_2 indicates codepoint "11" for the SRS resource set indicator, and the first and second SRS resource set association to K consecutive slots is determined as follows, 
-	When K = 2, the second and first SRS resource set are applied to the first and second slot of 2 consecutive slots, respectively.  
-	When K > 2 and cyclicMapping in PUSCH-Config is enabled, the second and first SRS resource sets are applied to the first and second slot of K consecutive slots, respectively, and the same SRS resource set mapping pattern continues to the remaining slots of the K consecutive slots. 
-	When K > 2 and sequentialMapping in PUSCH-Config is enabled, the second SRS resource set is applied to the first and second slot of K consecutive slots, and the first SRS resource set is applied to the third and fourth slot of K consecutive slots, and the same SRS resource set mapping pattern continues to the remaining slots of the K consecutive slots.


An excerpt of Section 9.2.6 of TS 38.213 is as follows:
	When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clause 7.2.1, the UE
-	uses the first and second spatial settings, or the first and second sets of power control parameters, for first and second repetitions of the PUCCH transmission, respectively, when ,
-	alternates between the first and second spatial settings, or between the first and second sets of power control parameters, respectively, per  repetitions of the PUCCH transmission, where  if mappingPattern = 'cyclicMapping'; else, .


For PUSCH repetition, it can be observed from the above specs excerpt that, when the SRS resource set indicator field in DCI indicates codepoint “10” or “11”, i.e., when two SRS resource sets are used for mapping, cyclic mapping or sequential mapping of the SRS resource sets are applied for K consecutive slots where K is the number of repetitions. It is worth also noting that using different SRS resource sets between two consecutive PUSCH/PUCCH transmissions is also considered as an event that breaks power consistency and phase continuity for joint channel estimation between the two PUSCH/PUCCH transmissions according to Clause 6.1.7 of TS 38.214. Therefore, the legacy cyclic mapping and sequential mapping of SRS resource sets for PUSCH repetition type A are not suitable for joint channel estimation in the context of m-TRP applications. Note that, when available, both m-TRP transmission and joint channel estimation for PUSCH repetition type A are helpful for extending coverage if they are used together.
Figure 1 shows examples of using legacy cyclic mapping and sequential mapping of SRS resource sets for Rel-15/16 PUSCH repetition type A assuming K = 16, S = 5, L = 7 and DDSUU (10D:2G:2U) TDD pattern. It can be observed that for both cyclic mapping and sequential mapping, cases in which the back-to-back UL slots are mapped with different SRS resource sets can easily occur, and hence, joint channel estimation cannot be applied for PUSCH transmissions on these slots.
Observation 1. When available, both m-TRP transmission and joint channel estimation for PUSCH repetition type A are helpful for extending coverage if they are used together.
Observation 2. The legacy cyclic mapping and sequential mapping of SRS resource sets for PUSCH repetition type A are not suitable for joint channel estimation in the context of m-TRP applications.
Observation 3. In TDD, for both cyclic mapping and sequential mapping of SRS resource sets for PUSCH repetition type A, cases in which the back-to-back UL slots are mapped with different SRS resource sets can easily occur, and hence, joint channel estimation cannot be applied for PUSCH transmissions on these slots.
[image: ]
[bookmark: _Ref110505909][bookmark: _Hlk110517601]Figure 1. Examples of cyclic mapping and sequential mapping in case K = 16, S = 5 and L = 7, assuming DDSUU (10D:2G:2U) TDD pattern.

Legacy cyclic mapping and sequential mapping of SRS resource sets also have issues when using with joint channel estimation in FDD as shown in Figure 2. 
[image: ]
[bookmark: _Ref110517669]Figure 2. Examples of cyclic mapping and sequential mapping in case K = 16 and FDD.
Normally, in FDD, the chance for an aTDW to be equal to nTDW is high given that the consecutive UL slots are not interrupted by DL slots, DL transmissions or monitoring. However, it is observed from Figure 2 that:
· With cyclic mapping is used in FDD, joint channel estimation cannot be applied across any pair of consecutive PUSCHs since they are mapped with different SRS resource sets.
· With sequential mapping in FDD, the maximum aTDW length is 2 regardless of the nTDW length (which is normally expected to be configured to be equal to the maximum capability of slots bundling reported by UE).
Observation 4. In FDD, for cyclic mapping of SRS resource sets for PUSCH repetition type A, joint channel estimation cannot be applied across any pair of consecutive PUSCHs since they are mapped with different SRS resource sets.
Observation 5. In FDD, for sequential mapping of SRS resource sets for PUSCH repetition type A, the maximum aTDW length is 2 regardless of the nTDW length, which is expected to be normally configured to be equal to the maximum capability of slots bundling reported by UE.
From the above observations, it can be concluded that approaches for mapping of SRS resource sets for PUSCH repetition type A should be amended to enable joint channel estimation in the context of m-TRP applications. For TDD, one approach could be to map every NTDD consecutive slots of the K consecutive slots to one TRP and the next NTDD subsequent consecutive slots to another TRP. This mapping is repeated until the end of the K consecutive slots, where NTDD is equal to the number of slots in one cycle of a TDD pattern (i.e., N=5 for DDSUU pattern) as shown in Figure 3. For FDD, one approach could be to map every NTDW consecutive slots of the K consecutive slots to one TRP and the next NTDW subsequent consecutive slots to another TRP. This mapping is repeated until the end of the K consecutive slots, where NTDW is equal to nTDW length as shown in Figure 4. It is worth noting that, although the above approach for FDD also works for TDD, it is however not optimal given that the configured nominal TDW length may be greater than the length of one TDD pattern which may lead to the switching between TRPs being less dynamic compared to the mapping per TDD pattern as mentioned above for TDD.
[image: ]
[bookmark: _Ref110955507]Figure 3. Example of the proposed mapping for TDD, NTDD = 5.

For PUCCH repetitions, as shown in the above specs excerpt, the current cyclic mapping and sequential mapping are also applicable. However, different from the mapping for PUSCH repetitions which is done on consecutive slots, the mapping for PUCCH repetitions is done on the slots available for uplink transmissions. The above-mentioned challenges for PUSCH repetitions are also applicable for PUCCH repetitions, wherein the mapping of PUCCH repetitions to m-TRP is realized in the form of mapping different spatial settings or different power control parameters sets on different PUCCH repetitions. 

[image: ]
[bookmark: _Ref110955513]Figure 4. Example of the proposed mapping for FDD, NTDW = 4. 

Therefore, we propose the following:
Proposal 2. RAN1 to adopt the following mapping approaches for the mapping of SRS resource sets for PUSCH repetition type A when joint channel estimation is enabled (which is also summarized in a CR in R1- 2210163):
· For TDD, the first and second SRS resource sets are applied to the first NTDD slots and the second NTDD subsequent slots, respectively, where NTDD equals the number of slots in one cycle of a TDD pattern.
· For FDD, the first and second SRS resource sets are applied to the first NTDW slots and the second NTDW subsequent slots, respectively, where NTDW equals the length of nominal time domain window.

Proposal 3. RAN1 to adopt the following mapping approaches for the mapping of spatial settings or power control parameters sets for PUCCH repetition when joint channel estimation is enabled (which is also summarized in a CR in R1- 2210164):
· For TDD, the first and second spatial settings or power control parameters sets are applied to the first NTDD slots and the second NTDD subsequent slots, respectively, where NTDD equals the number of available slots in one cycle of a TDD pattern.
· For FDD, the first and second spatial settings or power control parameters sets are applied to the first NTDW slots and the second NTDW subsequent slots, respectively, where NTDW equals the length of nominal time domain window.
[bookmark: _Toc67700564]Conclusion
In this contribution we have discussed the remaining issues on joint channel estimation for PUSCH and PUCCH. The following observations were made:

Observation 1. When available, both m-TRP transmission and joint channel estimation for PUSCH repetition type A are helpful for extending coverage if they are used together.
Observation 2. The legacy cyclic mapping and sequential mapping of SRS resource sets for PUSCH repetition type A are not suitable for joint channel estimation in the context of m-TRP applications.
Observation 3. In TDD, for both cyclic mapping and sequential mapping of SRS resource sets for PUSCH repetition type A, cases in which the back-to-back UL slots are mapped with different SRS resource sets can easily occur, and hence, joint channel estimation cannot be applied for PUSCH transmissions on these slots.
Observation 4. In FDD, for cyclic mapping of SRS resource sets for PUSCH repetition type A, joint channel estimation cannot be applied across any pair of consecutive PUSCHs since they are mapped with different SRS resource sets.
Observation 5. In FDD, for sequential mapping of SRS resource sets for PUSCH repetition type A, the maximum aTDW length is 2 regardless of the nTDW length, which is expected to be normally configured to be equal to the maximum capability of slots bundling reported by UE.

Therefore, the following proposals were 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.

[bookmark: _Toc67700565]Proposal 2. RAN1 to adopt the following mapping approaches for the mapping of SRS resource sets for PUSCH repetition type A when joint channel estimation is enabled (which also summarized in a CR in R1- 2210163):
· For TDD, the first and second SRS resource sets are applied to the first NTDD consecutive slots and the second NTDD subsequence consecutive slots of K consecutive slots, respectively, and the same SRS resource set mapping pattern continues to the remaining slots of K consecutive slots, where NTDD is equal to the number of slots in one cycle of a TDD pattern.
· For FDD, the first and second SRS resource sets are applied to the first NTDW consecutive slots and the second NTDW consecutive slots of K consecutive slots, respectively, and the same SRS resource set mapping pattern continues to the remaining slots of K consecutive slots, where NTDW is the length of nominal time domain window.

Proposal 3. RAN1 to adopt the following mapping approaches for the mapping of spatial settings or power control parameters sets for PUCCH repetition when joint channel estimation is enabled (which is also summarized in a CR in 2210164):
· For TDD, the first and second spatial settings or power control parameters sets are applied to the first NTDD slots and the second NTDD subsequent slots, respectively, where NTDD equals the number of available slots in one cycle of a TDD pattern.
· For FDD, the first and second spatial settings or power control parameters sets are applied to the first NTDW slots and the second NTDW subsequent slots, respectively, where NTDW equals the length of nominal time domain window.
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