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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. This AI studies the enhancements to physical channels other than PDSCH for multi-TRP operation as laid out in the WID:

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 



In the last meeting, significant progress was achieved for the different physical channels. In this contribution, we provide our views on the remaining open issues on PDCCH and PUSCH enhancements. 
 
2. PDCCH

Rel-17 PDCCH design
Rel-17 is studying the repetition of PDCCH candidates from different TRPs to enhance the spatial diversity of the PDCCH transmission. Based on the progress achieved so far, Figure 1 shows Rel-17 non-SFN PDCCH design where two TRPs send repetitions of the same PDCCH with different spatial filters. The encoding and rate matching is based on one payload, and the coded bits are repeated by the two coordinating TRPs. Each repetition is sent with a TCI corresponding to the transmitting TRP. The repetitions are mapped in different CORESETs, and each CORESET has its own SS set. This follows a similar design as Rel-16 where each CORESET and SS are configured with one TCI. 
According to Rel-17 enhancements, the two CORESETs are linked through the SS set; therefore, the UE can determine which PDCCH candidates are sent as repetitions. The linkage is RRC configured, and the two linked SSs have the same configuration (e.g. set type (i.e., USS or CSS), number of candidates, AL, DCI formats, monitoring periodicity/offset). Moreover, PDCCH candidates with the same index are linked together. The repetitions can be intra-slot multiplexed in either TDM, FDM, or combination of both as shown in Figure 1. 


[bookmark: _Ref67320801]Figure 1


Overlapping individual and linked candidates

	When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate




It is agreed that the linked SS sets do not contain individual PDCCH candidates which are instead configured by the network into other SS sets. Some overlap may occur between linked and non-linked candidates that are associated with the same DCI size, scrambling, and CORESET. The CORESET associated to the SS of a linked PDCCH candidate can also be associated to a SS of a non-linked PDCCH candidate. It was agreed that a new capability to be introduced to indicate the max number of overlaps supported, and whether the individual candidate is monitored or not is determined by a UE capability. 

Figure 2 illustrates two cases a and b where the overlapping candidates are in SS #2 and #1, respectively. PDCCH1 is linked with two repetitions, PDCCH1(1) and PDCCH1(2) while PDCCH2 is an unlinked candidate overlapping with one of the repetitions. In the Figure, r1 and r2 are the signals extracted from the CORESETs. There are different ways to decode the repeated candidates depending on UE processing and blind decoding (BD) capability. 
· UE has a capability of 3 BDs: In this case,  UE has 3 decoding attempts. It first attempts decoding r1, then r2, and then finally the soft-combined r1+r2. For either case a or b, a similar performance is expected.
 
· UE has a capability of 2 BDs: In this case, UE can attempt decoding r1, and then r2. Similar to the previous case, we don’t expect any performance difference between cases a or b.
 
· UE has a capability of 2 BDs and soft-combining: In this case, for example, UE can attempt once on r1 and then once on r1+r2. Therefore, depending on whether r1 or r2 is the location of overlapped PDCCH candidates, i.e., decoding order, different performance can be expected. In case a, there is no individual candidate overlapping r1, so the UE decodes PDCCH1(1) without interference, and in case of failure, it may attempt decoding r1+r2 which may or may not succeed depending on the relative power of PDCCH1 and PDCCH2. However, in case b, when there is an individual candidate overlapping in r1, UE may very likely fail in its first attempt. And then if it proceeds with attempting to decode r1+r2, it may fail again due to interference. Therefore, for UEs with 2BD and soft-combining capability, it is critical to first decode the linked PDCCH candidate that is not interfered with the individual PDCCH.

 


[bookmark: _Ref83720702]Figure 2

Based on the received configuration, the UE should be able to determine which of the linked PDCCH candidates could potentially overlap with individual PDCCH candidates. To avoid the performance loss of case b, we propose to prioritize decoding of the non-overlapped candidate. Therefore, for example in case b, UE would be able to determine that r2 does not overlap with an individual candidate, thus the UE’s first decoding attempt will be on r2. 

Observation 1: For UEs with 2BD and soft-combining capability, it is critical to first decode the linked PDCCH candidate that is not interfered with the individual PDCCH.
 
Proposal 1: Prioritize decoding of PDCCH candidates on CORESETs which do not overlap with individual PDCCH candidates by considering some rules to assist UE to determine which CORESET, or search space may overlap with the individual PDCCH candidate, e.g, CORESET ID, SS ID, etc.

Overbooking linked SS sets
	For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.



In Rel-16, the dropping rules are based on SS sets, and SS sets are mapped in ascending order of SS set indices with lower SS set indices having higher priority. In case of overbooking, the UE only monitors SS set indices below its monitoring capability. With Rel-17 enhancements, SS sets are linked for repetitions. In some configurations, two SS sets can be configured in the same slot/span which may lead to one of the SS sets in the pair with an index beyond the UE’s monitoring capability. It remains FFS what should be the behaviour when linked SS sets are mapped in the same slot/span.  
Two different cases are considered with 2 or 3 BD, but the same reasoning applies. Alt1 proposes no changes to existing spec. If the UE does not have soft-combining capability, there is no issue since each candidate is decoded separately, and the candidates can be monitored as if they were not linked. The UE doesn’t monitor the second SS set. Even if there is no issue with monitoring, it does not provide the added reliability from the second TRP.  However, if the UE is performing soft-combining, the SS set pair is considered together to enable decoding. With 2 BD, the UE can attempt the individual decoding for the first candidate, and the soft-combined candidate as the second attempt. High dropping rates can be avoided by configuring at least one of the SS sets in the pair with a low index to ensure the linked SS set pair has higher priority over other SS sets. This can only be supported if Alt2 is supported where the SS set pair is considered together. Moreover, we think a unified solution should be supported for either number of BDs so we support Alt2 for both cases.

Observation 2: A UE performing soft-combining requires monitoring both SS sets in the linked set.  

[bookmark: _Hlk83828265]Proposal 2: Support Alt2 for Case 1 and Case 2 that is to consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.


3. PUSCH

Number of SRS resources per SRS resource set
	For the new field in DCI for dynamic switching, 
· For Codepoint “11”, the 1st SRI/TPMI field associate with the 1st SRS resource set while the 2nd SRI/TPMI field associate with the 2nd SRS resource set. i.e.,  
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	11
	mTRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields


· For Codepoint “11”, the first repetition in time is associated with the second SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
· For Codepoint “10”, the first repetition in time is associated with the first SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based mTRP PUSCH repetition. 
· [bookmark: _Hlk83830326]Alt.2: Support different number of SRS resources for both CB and NCB based mTRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based mTRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”



	It’s agreed in Rel-17 to support repetitions of PUSCH where the UE sends multiple copies towards up to two different TRPs. The UE is scheduled in multi-TRP repetition mode with a DCI that indicates two different sets of SRIs and power control parameters so that the UE can transmit each PUSCH repetition with a spatial filter and transmit power associated to a target TRP. A new field in the DCI is introduced to dynamically switch between sTRP and mTRP mode where 00 indicates sTRP mode using the first SRS resource set, 01 indicates sTRP mode using the second SRS resource set, 10 indicates mTRP mode with the TRP1 repetition sent first, and 11 indicates mTRP mode with the TRP2 repetition sent first. In mTRP mode, the first SRI field maps to the first SRS resource set, and the second SRI field maps to the second SRS resource set. 
One remaining issue is the number of SRS resources configured in the two SRS resource sets. For Alt. 1, the same number of SRS resources is configured in each SRS resource set. This results in equally sized bitfield in the DCI and same number of spatial filters per TRP. For Alt. 2, different number of SRS resources can be configured in each SRS resource set, and the first SRI field is associated to the largest SRS resource set. This provides some greater flexibility since different spatial filter granularity is possible (e.g. 2 beams to TRP1 vs 4 beams to TRP2). For Alt. 3, it’s the same as Alt. 2 but the first SRS resource set does not have to be larger than the second SRS resource set. If the second SRS resource set is larger than the first, then the bit field of both SRIs is equal but unnecessary overhead is created for the first SRI field. 
Depending on orientation towards a TRP, the UE has a different number of beams that are useable with a signal quality above a threshold. There is a benefit to support flexible number of SRS resources per SRS resource set. We prefer Alt.2 over Alt.3
Observation 3: The number of beams configured at the UE is TRP dependent.  

Proposal 3: Support Alt.2 that is to support different number of SRS resources for both CB and NCB based mTRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.

Multi-TRP PHR
	For option 4, support the following: 
· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 
· Alt1B: a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, select Alt. 1C 
· Alt1C: a second PHR value is reported as virtual PHR.
· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports



	 
In Rel-16, a UE may trigger a PHR based on one or more conditions being satisfied. Such conditions may include at least one of: (i) expiry of a timer (e.g., a periodic timer), (ii) a PL value (e.g., for a cell or TRP) has changed by more than a threshold (e.g., since the last time a PHR was transmitted), (iii) a power backoff such as a power backoff due to power management (e.g., as allowed by P-MPR) has changed by more than a threshold, and/or (iv) a P-MPR (e.g., a measured P-MPR) such as a P-MPR applied to meet MPE requirements is or has changed to be equal to or larger than a threshold (e.g., since the last time PHR was transmitted). All of these conditions are affected by the pathloss that the UE measures towards a TRP.
 
	 With the introduction of Rel-17 PUSCH repetitions, the issue of PHR was discussed and an agreement was reached in the last meeting. Since the UE transmits PUSCH to two different TRPs, then it may use different power budgets for each link. The Rel-17 enhancements allow the UE to perform per TRP power control by introducing two SRIs in the DCI scheduling the repetitions, and the UE can also determine two sets of power control parameters. The UE is therefore able to trigger a PHR where PHR values are calculated per TRP and reported. 
Assuming UE capability for supporting Option 4, the agreement calls for report of two PHR values. Whether the values are real or actual depends on the first PHR value. If it’s an actual PHR value for one of the mTRP repetitions towards one TRP, then the second PHR is also actual for the other repetitions to the other TRP. Otherwise, if the first PHR value is for sTRP or a virtual value, then the second PHR value is reported as virtual PHR. 

[bookmark: _Hlk83912153]Given the current state of agreements, we believe that the following issues related to the triggering procedure and to MAC-CE reporting require to be addressed: 
· Some enhancements to the triggering procedures are required to adapt them to multi-TRP. In Rel-16, the triggering is done regardless of whether pathloss reference signals changed between measurements. For example, for the pathloss based trigger, specification states that “The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331”. This is an issue in multi-TRP because the UE is transmitting on two different SRIs for a PUSCH. If the same logic is kept, then it’s likely the pathloss difference between TRPs will trigger a PHR whenever a UE switches SRI for transmission between the repetitions. This is not the intended behaviour. Instead, the PHR should be triggered per TRP, or in other words per PL-RS where each PL-RS is associated to a PHR (e.g. SRS resource set). 
· Similarly, for the P-MPR/MPE trigger, the procedure may need to be modified to account for per TRP triggering. The difference in power change may be calculated based on the configured PL-RS corresponding to a TRP. 
· Both PHRs may be reported within the same MAC-CE extension. A multi-TRP MAC-CE may be defined (e.g. with its LCID) where both PHRs are included with the same ordering as SRIs in the DCI to implicitly associate the PHR to a TRP. 
· The overhead due to reporting two PHR values may be high, and the PUSCH resource allocation associated to the uplink grant may not have sufficient resources to carry both PHR values. Then, this can be solved by introducing a rule such that a UE may prioritize one PHR to report first, or to report only one. For example, if both calculated power levels are similar (e.g. their difference is less than a threshold), then the UE may report a single value which may apply to both TRPs. When the difference between two power levels is less than a threshold, then the UE reports a single PHR and the NW considers that the PHR applies to both TRPs. 

Observation 4: Given the current state of agreements, we believe that several issues related to the triggering procedure and to MAC-CE reporting require to be addressed. 
Proposal 4: Study following enhancements for Option 4:
· Modify the triggering procedure to measure pathloss/power factor changes per PL-RS
· Both PHRs are reported in a single multi-TRP MAC-CE instance 
· Calculate two PHRs, and report one PHR if needed, e.g., not having sufficient UL resources, etc.

4. CONCLUSIONS
This contribution discussed the PDCCH and PUSCH multi-TRP physical channel enhancements. Based on the presented discussion, we make the following observations and proposals:

Observation 1: For UEs with 2BD and soft-combining capability, it is critical to first decode the linked PDCCH candidate that is not interfered with the individual PDCCH.

Observation 2: A UE performing soft-combining requires monitoring both SS sets in the linked set.  

Observation 3: Alt.2 provides more flexibility to support different beam granularity per TRP. 

Observation 4: Given the current state of agreements, we believe that several issues related to the triggering procedure and to MAC-CE reporting require to be addressed. 


Proposal 1: Prioritize decoding of PDCCH candidates on CORESETs which do not overlap with individual PDCCH candidates by considering some rules to assist UE to determine which CORESET, or search space may overlap with the individual PDCCH candidate, e.g, CORESET ID, SS ID, etc.

Proposal 2: Support Alt2 for Case 1 and Case 2 that is to consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.

Proposal 3: Support Alt.2 that is to support different number of SRS resources for both CB and NCB based mTRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.

Proposal 4: Study following enhancements for Option 4:
· Modify the triggering procedure to measure pathloss/power factor changes per PL-RS
· Both PHRs are reported in a single multi-TRP MAC-CE instance. 
· Calculate two PHRs, and report one PHR if needed, e.g., not having sufficient UL resources, etc.
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