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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for PDCCH, PUCCH, and PUSCH are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the highlighted topic above.

1 
2 
PDCCH enhancements
In Rel-16, multi-beam/-TRP based repetition for PDSCH is supported to achieve the target reliability for URLLC, e.g., up to the BLER of . However, Rel-16 doesn’t support PDCCH repetition except for the paging purpose. Considering that Rel-16 PDCCH is designed to meet the target requirement of , the reliability of physical downlink channel becomes bottlenecked by PDCCH. So, the main motivation to support PDCCH repetition with multi-beam/-TRP would be to improve the reliability of DL DCIs for PDSCH scheduling to the level comparable to that of PDSCH, e.g., up to .
For multi-TRP PDCCH repetition, the following agreements were made in RAN1#104-e meeting related to PUCCH resource determination and additional issues to be addressed [2]. 
	Agreement
Confirm the working assumption: 
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.



0. Whether to support single-TRP PDCCH repetition
For option 2 (i.e., Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload), the main intention of supporting Alt3 is to allow mTRP PDCCH repetition using the Rel-15 framework (SS + CORESET) with an additional linking of the SS. As in the above agreement, it was agreed that whether sTRP PDCCH repetition is supported by reusing the agreed framework can be further studied. Although the support of sTRP PDCCH repetition was not a part of the FeMIMO WID, if sTRP PDCCH repetition is not discussed separately and can be supported by just reusing the existing agreed framework, then it is naturally desirable as a special case of mTRP PDCCH repetition. 
Also considering sTRP PDCCH repetition support in defining future solutions will also impose restrictions on all the open issues being discussed. One possible issue is whether to support TDMed/FDMed sTRP PDCCH repetition. For the case of TDM, it is natural to be supported since two SS sets can have different monitoring occasions in time domain. However, for the case of FDM, since a single CORESET is used, it cannot be simply FDMed, so further enhancement would be needed. To make the mTRP PDCCH repetition scheme simpler and with better progress, we prefer to support sTRP PDCCH repetition with the minimum or no impact to the existing agreed mTRP PDCCH repetition framework.
Proposal 1: Support sTRP based PDCCH repetition only within the agreed mTRP PDCCH repetition framework (i.e., only TDMed method can be supported and not for FDMed method), with minimum impact to the solutions of the open issues, for Option 2 with Alt3.

0. PUCCH resource determination for PDCCH repetition
As in the previous section, if sTRP PDCCH repetition is supported based on the existing agreed framework, i.e., a single CORESET associated two SS sets which have explicit linkage, it can be ambiguous when the PUCCH resource determination is determined based on the lowest controlResourceSetId, since the starting CCE index can be changed based on hashing function although the same CORESET is associated. Hence, in order to determine the starting CCE index and the number of CCEs, the CORESET associated with SS set which has the lowest SS set ID can be a reference for PUCCH resource determination.
Proposal 2: Support PUCCH resource determination for PDCCH repetition by using the lowest SS set ID.

0. Default beam assumptions for PDSCH
To regulate the default beam assumptions of PDSCH and other channels, while PDCCH is repeated, it is required to define proper behavior for each of the existing scenarios defined till Rel-16. For the case of TCI not present in the DCI as indicated in Issue 2 in the above agreement, it is desired to use the PDCCH beam as the default beam for PDSCH. Since PDCCH is repeated with multiple TCI states, for especially in Option 2 based PDCCH repetition, the simplest solution is to use one of the configured TCI states for CORESETs including scheduling PDCCH. Since TCI states are associated with different occasions of PDCCH repetition over different PDCCH candidates, the solution to pick the default beam can also be based on the TCI associated with a reference PDCCH candidate.

Proposal 3: For the default beam of PDSCH, when TCI field is absent in DCI, use one of the configured TCI states of the associated CORESETs. Selection of the TCI state can be based on the TCIStateID or based on a reference PDCCH candidate.

0. PDCCH repetition based on different CORESETPoolIndex values
In Rel-16, based on two different CORESETPoolIndex values, multi-DCI based NC-JT scheme was agreed and independent PDCCHs within CORESETs can schedule fully/partially/non-overlapped PDSCHs based on reported UE capability. So far in Rel-17, although the PDCCH repetition based on Alt3 is operated by using two CORESETs transmitted from each different TRPs, the discussion did not consider the CORESETs which are configured with CORESETPoolIndex. Since CORESETs with different CORESETPoolIndex values already mean that each PDCCH included in CORESET with CORESETPoolIndex is transmitted from each TRP, our view is that it is natural to extend the PDCCH repetition considering two different CORESETPoolIndex values for mTRP PDCCH repetition. 
Proposal 4: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 
If the PDCCH repetition based on different CORESETPoolIndex values is performed, since the motivation of multi-DCI based NC-JT is to schedule PDSCHs by using independent PDCCHs but two PDCCH repetitions should have same values for all DCI fields regarding option 2, it could have some conflicts with the current specification. The detailed issues can be summarized as follows:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK
· These aspects were already noted in the previous agreement.
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
· Since repeated PDCCHs have all the same DCI field values, it is reasonable to schedule a single PDSCH. However, based on two different CORESETPoolIndex values, multi-DCI based NC-JT can schedule fully/partially/non-overlapped PDSCHs in Rel-16. Hence, which kind of PDSCH can be scheduled would be discussed.
· If both options are supported, then whether/how to distinguish/switch between two scheduling types of PDSCH would be also discussed.
· Regarding this issue, the following issues such as Indicating TCI state field / MAC-CE operation, DM-RS, HARQ process ID, NDI, would be discussed, too. Further, in addition to dynamic grant based PDSCH, it can be also discussed whether/how to apply for activation/deactivation on configured grant (CG) or semi-persistent scheduling (SPS) based PDSCH.

Proposal 5: Further study the PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 for the following aspects:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK as in the previous agreement
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
A. Indicating TCI state field / MAC-CE operation
B. Indicating DM-RS field
C. Indicating HARQ process ID field and NDI field
D. Whether/how to apply for activation/deactivation on CG or SPS
3) FFS: other aspects are not precluded.

0. BD/CCE and Overbooking rule for PDCCH repetition
For understanding UE complexity in blind decoding the PDCCH, the following agreement has been made in RAN1#104-e [2].
	Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation



One thing to note is potential complexity of soft combining operation of PDCCH due to its blind nature. Such soft combining would need to be done candidate by candidate manner while acknowledging linkage between repetitions for every decoding attempt. Such candidate by candidate combining also implies that a UE needs to hold full LLR buffer of two separate SS’s until decoding of all candidates are done. This increases UE complexity in decoding PDCCH and hence, it is important for the gNB to know of the UE’s capability in soft-combining the repeated PDCCH occasions. This helps in efficient transmission of PDCCH to the UE and also manage UE complexity.
Moreover, when the multi-TRP PDCCH repetition is performed based on Alt3, i.e., two SS sets associated with corresponding CORESETs, a situation in which a UE needs to hold LLR buffer of first repetitions for long time while a UE also needs to monitor other MO’s including more of such first repetitions should be prevented. At each given time, a UE needs to keep holding LLR memory corresponding to unresolved first repetitions in addition to memory needed to handle BD/CCE of the current monitoring occasion (MO). Hence, whether to allow something like inter-slot option 2 or not needs to be discussed acknowledging implementation burden. For example, with inter-slot repetition with two consecutive slots, the amount of the worst case memory corresponding to unresolved first repetitions and the current MO would be two times of per-slot BD/CCE limit, and such amount would further increase with larger distance between slots. While inter-slot repetition can be a useful functionality, it would be undesirable and unnecessary to ask to UE to double the memory budget to support this functionality. In that sense, there can be restriction on the number of SS’s or the amount of CCEs or candidates corresponding to first repetitions before the time instance including MOs with second repetitions. For example, a proper restriction can be designed toward the goal of something like ‘a UE is not required to store more than per-slot BD/CCE limit at any given time. Since the issue is more sever for inter-slot repetition due to the longer time gap between the linked SS sets, a simple solution, which can mitigate the issue to some extent, is to only support the intra-slot repetition. Hence, we prefer to discuss intra-slot PDCCH repetition and do not support inter-slot PDCCH repetition.
Proposal 6: Support Option 2 to determine number of BDs for multi-TRP PDCCH repetition. Careful consideration of UE implementation complexity for Option 2 is needed, with proper definition of UE behavior.
Proposal 7: Support intra-slot PDCCH repetition only.

Also, regarding the overbooking rule, the appropriate modification can be beneficial at least for repetition based scheme. If the number of PDCCH candidates and the number of non-overlapped CCEs exceed the limit, a part of all search space sets configured to UE can be selected based on the overbooking rule, i.e., common search space set with lower index is firstly selected, and if the limit is not exceeded despite of selecting all common search space sets, UE-specific search space set with lower index selected by priority until the limit is exceeded. Then, considering the repeated PDCCH candidates which are within a same search space sets, dropping a whole search space set due to the limit seems overkill, hence an enhancement enabling to select the subset of PDCCH candidates and CCEs would be needed at least for the repetition based scheme.
Proposal 8: Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.

1. PUCCH/PUSCH enhancements
1. Intra-slot multi-TRP PUCCH repetition
In RAN1#104-e meeting, the followings agreements and working assumption were made for inter-slot PUCCH repetition (scheme 1) and intra-slot PUCCH repetition (scheme 3).
	Agreement
For M-TRP PUCCH scheme 1,  
1. Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)

Agreement
For M-TRP PUCCH scheme 1, 
1. For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
1. FFS: maximum repetition number can be extended to 16.
1. For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
2. FFS: other values.
1. RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
1. The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
1. Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.



Furthermore, the following required transient period(s) can be considered based on the response of LS from RAN4:
1. If the spatial filter to transmit the beam is known, beams are switched within same panel and UL timing is the same for different UL beams, the transient period is 5us as defined in the RAN4 spec.
1. For FR1, the transient period(s) between two PUCCH/PUSCH TDMed repetitions ranges from 10us to 15us depending on whether the switching from one transmission to the next is from the same antenna port or different antenna ports
For changing UL beam, 5us for FR2 and 10~15us for FR1 is required as transient period(s). If mTRP PUCCH repetition is transmitted with consecutive sub-slots or consecutive slots and the transient period(s) is not considered, performance degradation can occur because the transient period(s) is larger than the length of CP as Table 1.
Table 1. Symbol length including CP according to SCS
	
	0
	1
	2
	3

	SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	Symbol length
	66.67us
	33.33us
	16.67us
	8.33us

	CP length 1 ( or )
	5.21us
	2.86us
	1.69us
	1.11us

	CP length 2 ( and )
	4.69us
	2.34us
	1.17us
	0.59us

	Symbol length with CP1
	71.88us
	36.20us
	18.36us
	9.44us

	Symbol length with CP2
	71.35us
	35.68us
	17.84us
	8.92us



Therefore, switching gap between PUCCH repetitions should be satisfied to ensure the transient period(s) for changing UL beam or UL transmission power. The gap can be equal to one symbol depending on the transient periods (FR1 or FR2) and symbol length as the latter varies with SCS. To satisfy the switching gap for mTRP PUCCH repetition, the followings can be considerable: 
1. If there is no gap between UL beam switched PUCCH repetitions, the gap between UL beam switched repetitions is set to one sub-slot and the following repetition is transmitted after one sub-slot gap. This is because mTRP intra-slot PUCCH repetition is supported based on sub-slot. 
1. The symbol length for sub-slot (or slot) based PUCCH repetition is up to  (or ).  is the number of symbols per sub-slot.
If mTRP PUCCH repetition is supported with two consecutive sub-slots, switching gap (one sub-slot) can be shown in Figure 1.
[image: ]
Figure 1. Sub-slot based PUCCH repetition with one sub-slot gap for transient period 

Proposal 9. To satisfy the switching gap for mTRP PUCCH repetition, the followings can be considerable: 
1. For the case of inter-sub-slot mTRP TDMed PUCCH repetition, if there is no gap between UL beam switched PUCCH repetitions, the gap between UL beam switched repetitions is set to one sub-slot and the following repetition is transmitted after one sub-slot gap.
1. The maximum symbol length per repetition for sub-slot (or slot) based mTRP TDMed PUCCH repetition is up to  (or ).  is the number of symbols per sub-slot.

1. TPC enhancement for multi-TRP PUCCH/PUSCH repetition
In RAN1#104-e meeting, it was agreed to select among some options for TPC enhancement for mTRP PUCCH/PUSCH repetition in the upcoming meeting as follows:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
1. Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
1. Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
1. Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
1. Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
1. 
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
1. Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
1. Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
1. Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
1. Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.



To support closed-loop power control per TRP, we can support the addition of the second TPC command field (option 3) for the sake of progress. Two TPC command fields can be associated with two PUCCH-SpatialRelationInfo or power control parameter sets that are activated to PUCCH resource indicated by PRI. In other words, the first TPC command is applied to the closed-loop power control that is indicated by the first activated PUCCH-SpatialRelationInfo (or the first power control parameter set) and the second TPC command is applied to the closed-loop power control that is indicated by the second activated PUCCH-SpatialRelationInfo (or the second power control parameter set). Similar to TPC enhancement for mTRP PUCCH, we can support the addition of the second TPC command field for mTRP PUSCH and each TPC command field in a DCI can be applied to each closed-loop power control that is indicated by each SRI field in the same DCI. 
Proposal 10. If option 3 for the closed-loop power control enhancement is supported, each TPC command field in a DCI can be applied to each closed-loop power control. For mTRP PUCCH, each closed-loop power control can be indicated by each activated PUCCH-SpatialRelationInfo (or power control parameter set) of a PUCCH resource. For mTRP PUSCH, each closed-loop power control can be indicated by each SRI field.

1. AP-CSI multiplexing for multi-TRP PUSCH repetition type B
The following is the agreement of RAN1#104-e meeting for enhancement on AP-CSI multiplexing via mTRP PUSCH repetition.
	Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
1. For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
1. For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
8. The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
8. The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
8. FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
1. FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
1. FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.



In Rel-16, for the case of PUSCH repetition type B, AP-CSI report can be multiplexed only on the first actual repetition. On top of the Rel-16 AP-CSI multiplexing rule, in Rel-17, the AP-CSI report can be multiplexed on PUSCH repetitions transmitted by different beams toward different TRPs in order to obtain macro diversity gain. Moreover, since UCI for AP-CSI is encoded by Polar code, the number of symbols for actual repetitions that AP-CSI report is multiplexed on should be same for soft combining at the gNB side. However, the number of symbols for actual repetitions can be different because the symbol length of actual repetitions can be determined based on slot configuration, the length of nominal repetition, slot boundaries and so on. Hence, it was agreed in RAN1#104-e meeting that the AP-CSI report can be multiplexed on the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam. For the X-th actual repetition corresponding to the second beam, the following can be considered:
1. Alt1. X=1. This means that gNB should schedule mTRP PUSCH repetition to ensure the same number of symbols for the first actual repetition corresponding to both beams. However, such scheduling can be too restrictive to satisfy the condition. 
1. Alt2. X can be 1 or other than 1. In this case, AP-CSI report can be multiplexed on the X-th actual repetition that is corresponding to the second beam and has the same number of symbols as the first actual repetition corresponding to the first beam. If there are more than 1 actual repetitions that satisfy the above conditions, X-th repetition can be the earliest actual repetition among them. Therefore, X can be the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam. This alternative does not make more restriction but relax the condition to report AP-CSI toward both TRPs. If there is no actual repetition which has the same number of symbols as the first actual repetition corresponding to the first beam, one of the following two options can be selected:
7. Option 1. AP-CSI report is additionally multiplexed on the first actual repetition corresponding to the second beam and only diversity selection is applicable.
7. Option 2. AP-CSI report is only multiplexed on the first actual repetition corresponding to the first beam.
While considering the above alternatives to multiplex AP-CSI report toward both TRPs, Alt 2 is advantageous over Alt 1 as it relaxes the condition of determining X. 
Proposal 11. For sDCI based mTRP PUSCH repetition type B, AP-CSI report can be multiplexed on the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam. X can be the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition of the first beam. If there is no actual repetition of the second beam which has the same number of symbols as the first actual repetition corresponding to the first beam, one of the following two options can be selected:
1. Option 1. AP-CSI report is additionally multiplexed on the first actual repetition corresponding to the second beam and only diversity selection is applicable.
Option 2. AP-CSI report is only multiplexed on the first actual repetition corresponding to the first beam. 

1. Two SRS resource sets Multi-TRP PUSCH repetition
It was agreed to increase the maximum number of SRS resource sets (which usage is ‘codebook’ or ‘nonCodebook’) up to two for mTRP PUSCH repetition. Based on this agreement, each SRS resource set is used to transmit PUSCH into each TRP and each pathlossReferenceRS is configured per SRS resource set. And each SRS resource in each SRS resource set contains SRS-SpatialRelationInfo for each TRP. Therefore, two SRI and two TPMI (if codebook based mTRP PUSCH repetition is supported) in single DCI can be determined as two SRS resource sets. On the other words, gNB can determine the first SRI and first TPMI from the first SRS resource set among two sets and the second SRI and second TPMI from the second SRS resource set.
In Release 15/16, the association between indicated SRI and most recent transmission of SRS resource identified by SRI is clear as shown in Figure 2 because there is only one SRS resource set which usage is ‘codebook’ or ‘nonCodebook’. However, in Release 17, the timing of recent SRS resource transmission for each SRS resource set can be different if two SRS resource sets are supported for mTRP PUSCH repetition. Therefore, the association between each SRI and SRS resource(s) identified by each SRI should be clarified with consideration for timing of the most recent SRS resource transmission from each SRS resource set. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI. Figure 3 shows an example for the association each SRI and the most recent SRS resource transmission per SRS resource set.
[image: ]
Figure 2. Association between SRI and SRS resource for sTRP PUSCH repetition
[image: ]
Figure 3. Association between each SRI and SRS resource identified by each SRI
Proposal 12. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
In addition, since power control parameters such as alpha, p0, and pathlossReferenceRS defined in each SRS-ResourceSet can be different as each SRS-ResourceSet corresponds to different TRPs. However, for the case of srs-PowerControlAdjustmentStates, which sets whether the power control of SRS and PUSCH is tied or not, it seems that the same value associating between SRS and PUSCH power control should be provided for both SRS resource sets.
Proposal 13. Two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2.
For mTRP PUSCH repetition, all repetitions should have the same number of layer(s). Due to this restriction, some companies proposed modified design for second SRI and TPMI fields so as the DCI overhead is reduced. In this regard, an enhanced design is possible for certain fields by taking into account the fact that rank information could be omitted and may result in a reduced bitwidth, e.g., the second TPMI field and the second SRI field for codebook (CB) and non-codebook (NCB) based multi-TRP PUSCH repetition, respectively. The other fields such as the first and second SRI fields and the first TPMI field for CB and the first SRI field for NCB based multi-TRP PUSCH repetition can be kept as the Release 15/16 SRI/TPMI fields. However, a new table should be defined to support second SRI/TPMI fields. Moreover, if dynamic switching between multi-TRP and single-TRP is supported by using reserved entries, the number of reserved entries can be insufficient due to the reduced bitwidth. Another design option for the second SRI/TPMI field is to reuse the Release 15/16 SRI/TPMI field design. This allows the Release 15/16 table to be reused for both the first and second SRI/TPMI and more reserved entries can be obtained for the dynamic switching. However, the DCI overhead of second SRI/TPMI field is larger than the design without the number of layers information. Based on pros and cons of the two designs, one of the two designs for the second SRI/TPMI field should be down-selected while considering design simplicity, availability for dynamic switching and DCI overhead.
Proposal 14. Considering simpler design, availability for dynamic switching and DCI overhead, the design method for the second SRI/TPMI field should be down-selected between the following two options:
1. Option 1) The second field is determined considering only candidates which the number of layers is same as the number of layers indicated by the first SRI/TPMI. The bit width of second field can be less than or equal to the first field.
1. Option 2) The second field is determined by the same Rel-15/16 field design. And both fields indicate the same number of layers.

1. Dynamic switching based on reserved field of two SRI/TPMI fields
In last 104-e meeting, there were agreements to support the dynamic switching between mTRP and sTRP. However, details on dynamic switching was not agreed. If dynamic switching is indicated by two SRI (for NCB)//TPMI (for CB) fields, we can consider following two cases to indicate dynamic switching according to second SRI/TPMI field design:
1. Case 1) If the second SRI/TPMI field is designed as option 2 in proposal 11 (same design as Release 15/16), the dynamic switching is supported by using the reserved entry per SRI or TPMI field. For example, if NCB based mTRP PUSCH repetition is supported and both SRI fields indicate non-reserved entry, PUSCH is transmitted repeatedly into both TRPs. If the only first SRI field indicates reserved entry, PUSCH is transmitted repeatedly into only TRP2. If the only second SRI field indicates reserved entry, PUSCH is transmitted repeatedly into only TRP1.
1. Case 2) If the second SRI/TPMI field is designed as option 1 in proposal 11 (considering only candidates which layer(s) is same as the first SRI/TPMI field) and the dynamic switching is based on the design in Case 1, the second SRI/TPMI field cannot indicate the number of layers as its bitwidth is already reduced. Hence, a different method for dynamic switching is required. When mTRP operation is switched into sTRP dynamically, the first SRI/TPMI field is used for PUSCH transmission and the second SRI/TPMI field is used for indicating among three cases: mTRP, sTRP with TRP1, sTRP with TRP2. For example, if CB based mTRP PUSCH repetition is supported and both TPMI fields indicate non-reserved entry, PUSCH is transmitted repeatedly towards both TRPs. If the second TPMI field indicates the first or the second reserved entry among reserved entries (more than one), sTRP based PUSCH is transmitted repeatedly towards TRP1 or TRP2 only, respectively, by using the first TPMI field, i.e., sTRP indication. 
For certain RRC configuration (maxRank, the number of antenna ports), the number of reserved entry can be insufficient for both case 1 and case 2 (e.g. 4 antenna ports, maxRank=1, ‘nonCoherent’). If the number of reserved entry is insufficient, we can add one more bit into the second field or support only mTRP PUSCH repetition.
Proposal 15. Regarding the second SRI/TPMI design, details on dynamic switching can be determined and dynamic switching can be supported based on reserved entries of two SRI/TPMI fields (case 1) or the only second SRI/TPMI field (case 2). If the number of reserved entries is insufficient, one bit can be added into the second SRI/TPMI field.

1. OLPC for multi-TRP PUSCH repetition
To support p0 for URLLC traffic, open-loop power control (OLPC) parameter set indication is introduced in Rel-16. Figure 4 shows the RRC configuration for OLPC parameter set. 
[image: ]
Figure 4. RRC configuration for OLPC parameter set based p0 determination in Release 16
TPC command field indicates the TPC value that is applied to the closed-loop while OLPC parameter set indication field indicates whether to use p0 for URLLC or p0 for eMBB. If the bitwidth of OLPC parameter set indication field is 1 and OLPC parameter set indication field is set to 0, p0 for eMBB is determined from P0-PUSCH-AlphaSet. If OLPC parameter set indication field is set to 1, p0 for URLLC is determined from P0-PUSCH-Set. If PUSCH is transmitted repeatedly towards two TRPs for URLLC traffic, an additional p0-PUSCH-SetList can be configured to indicate p0 for URLLC per TRP. If there are two SRI fields in DCI and OLPC parameter set indication field is set to 1, p0 for TRP1 is determined from P0-PUSCH-Set that is included in the first p0-PUSCH-SetList and is associated with the first SRI. And p0 for TRP2 is determined from P0-PUSCH-Set that is included in the second p0-PUSCH-SetList and is associated with the second SRI. Therefore, based on using two SRI fields and providing an additional p0-PUSCH-SetList, a single OLPC parameter set indication field is enough for determining two p0 values for mTRP based PUSCH repetition for URLLC traffic. If there is no SRI field in DCI, each p0 value per TRP can be determined from P0-PUSCH-Set with the lowest p0-PUSCH-SetID in each p0-PUSCH-SetList.
Proposal 16. Based on using two SRI fields and providing an additional p0-PUSCH-SetList, a single OLPC parameter set indication field is enough for determining two p0 values for mTRP based URLLC PUSCH repetition for URLLC traffic.

1. PTRS-DMRS association for multi-TRP PUSCH repetition
The following is the agreement on PTRS-DMRS association for mTRP PUSCH repetition type B.
	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
1. For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
FFS: the indication of PTRS-DMRS association for maxRank > 2.


For maxRank=2, it was agreed that MSB is used for TRP1 and LSB is used for TRP2. In this case, MSB and LSB can be interpreted differently depending on the total number of PTRS ports. If the total number of PTRS ports is 1, each bit is used to indicate the DMRS-PTRS association corresponding to each TRP as above. However, each bit should be interpreted depending on the actual number of PTRS ports based on SRI or TPMI if the total number of PTRS ports is 2. For example, when we assume that non-codebook based mTRP PUSCH is supported and two SRS resources indicated by the first SRI field is configured with one PTRS port, i.e., the number of actual PTRS ports is one, MSB of PTRS-DMRS association field is used to indicate one of two DMRS ports (left in Figure 5). Moreover, if two SRS resources indicated by the second SRI field are configured with two different PTRS ports, i.e., the actual number of PTRS ports is two, then, each DMRS port can be associated with each configured PTRS port irrespective of LSB of PTRS-DMRS association field (right in Figure 5). Similarly, PTRS-DMRS association field can be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports depending on indicated TPMI (PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1).
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Figure 5. Example of the association between PTRS ports and DMRS ports 
(NCB based mTRP PUSCH, maxRank=2)
Proposal 17. For maxRank=2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
In the previous meeting, rank restriction for mTRP PUSCH was not agreed. Therefore, the indication of PTRS-DMRS association for maxRank>2 should also be discussed. One way to support maxRank>2 is by adding one more PTRS-DMRS association field in DCI. However, the DCI overhead is already increased much because additional SRI/TPMI fields and other fields (e.g. TPC command if they will be agreed) to support mTRP PUSCH are introduced. Furthermore, PTRS-DMRS association has less priority relative to SRI/TPMI indication as the latter is directly related to mTRP PUSCH transmission. So, we consider a method to indicate the association for maxRank>2 without increase of DCI overhead. For example, we can limit the candidates of DMRS ports that can be associated with PTRS, when the total number of PTRS ports is equal to 1. Or one bit (MSB for TRP1, LSB for TRP2) indication can be applied to both PTRS ports per TRP instead of separate indication, when the total number of PTRS ports is equal to 2.
Proposal 18. Consider the indication method of PTRS-DMRS association for maxRank>2 without increase of DCI overhead.

1. Autonomous SRS beam update
In RAN1#102-e, it was agreed to consider multi-TRP repetition for CG based PUSCH. According to Rel-16, UL beam for CG based PUSCH is defined as that applied at the last SRS resource transmitted before the time when CG PUSCH is activated/configured, as depicted in Figure 5. However, a beam direction for SRS can be (incrementally) changed due to UE mobility or change of orientation so that the UE can still follow the configured/activated spatial relation for SRS. Even when the beam for SRS resource is updated, it would not be allowed for CG PUSCH transmission to apply the updated beam unless the CG PUSCH is reconfigured. Such a behaviour would cause UL performance degradation especially when UE mobility is moderate/high and UE performs autonomous beam update. To provide high reliability desired for the URLLC use case, it is needed to enhance the timing relationship between SRS and CG PUSCH for multi-TRP such that SRS beam update can be applied to CG PUSCH automatically as depicted in Figure 6. In this figure, following the discussion of Proposal 16, two SRS resources are considered for the CG PUSCH repetition, so that a beam X corresponding to SRS#1 is used for transmission of the first CG PUSCH repetition to TRP #1, and another beam Y corresponding to SRS#2 is used for transmission of the second CG PUSCH repetition to TRP #2. Also, beams X’ and X” show updated beams for SRS#1, and beams Y’ and Y” show updated beams for SRS#2, as the UE moves.

[image: ]
Figure 5. UL beam determination for CG PUSCH in Rel-16.
[image: ]
Figure 6. Proposed UL beam determination for CG PUSCH for Rel-17.

Proposal 19: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.

Conclusion
In this contribution, the following observations and proposals are given: 
PDCCH enhancements

Proposal 1: Support sTRP based PDCCH repetition only within the agreed mTRP PDCCH repetition framework (i.e., only TDMed method can be supported and not for FDMed method), with minimum impact to the solutions of the open issues, for Option 2 with Alt3.
Proposal 2: Support PUCCH resource determination for PDCCH repetition by using the lowest SS set ID.
[bookmark: _GoBack]Proposal 3: For the default beam of PDSCH, when TCI field is absent in DCI, use one of the configured TCI states of the associated CORESETs. Selection of the TCI state can be based on the TCIStateID or based on a reference PDCCH candidate.
Proposal 4: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 
Proposal 5: Further study the PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 for the following aspects:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK as in the previous agreement
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
A. Indicating TCI state field / MAC-CE operation
B. Indicating DM-RS field
C. Indicating HARQ process ID field and NDI field
D. Whether/how to apply for activation/deactivation on CG or SPS
3) FFS: other aspects are not precluded.
Proposal 6: Support Option 2 to determine number of BDs for multi-TRP PDCCH repetition. Careful consideration of UE implementation complexity for Option 2 is needed, with proper definition of UE behavior.
Proposal 7: Support intra-slot PDCCH repetition only.
Proposal 8: Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.

PUCCH/PUSCH enhancements

Proposal 9. To satisfy the switching gap for mTRP PUCCH repetition, the followings can be considerable: 
1. For the case of inter-sub-slot mTRP TDMed PUCCH repetition, if there is no gap between UL beam switched PUCCH repetitions, the gap between UL beam switched repetitions is set to one sub-slot and the following repetition is transmitted after one sub-slot gap.
1. The maximum symbol length per repetition for sub-slot (or slot) based mTRP TDMed PUCCH repetition is up to  (or ).  is the number of symbols per sub-slot.
Proposal 10. If option 3 for the closed-loop power control enhancement is supported, each TPC command field in a DCI can be applied to each closed-loop power control. For mTRP PUCCH, each closed-loop power control can be indicated by each activated PUCCH-SpatialRelationInfo (or power control parameter set) of a PUCCH resource. For mTRP PUSCH, each closed-loop power control can be indicated by each SRI field.
Proposal 11. For sDCI based mTRP PUSCH repetition type B, AP-CSI report can be multiplexed on the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam. X can be the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition of the first beam. If there is no actual repetition of the second beam which has the same number of symbols as the first actual repetition corresponding to the first beam, one of the following two options can be selected:
1. Option 1. AP-CSI report is additionally multiplexed on the first actual repetition corresponding to the second beam and only diversity selection is applicable.
Option 2. AP-CSI report is only multiplexed on the first actual repetition corresponding to the first beam. 
Proposal 12. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
Proposal 13. Two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2.
Proposal 14. Considering simpler design, availability for dynamic switching and DCI overhead, the design method for the second SRI/TPMI field should be down-selected between the following two options:
1. Option 1) The second field is determined considering only candidates which the number of layers is same as the number of layers indicated by the first SRI/TPMI. The bit width of second field can be less than or equal to the first field.
1. Option 2) The second field is determined by the same Rel-15/16 field design. And both fields indicate the same number of layers.
Proposal 15. Regarding the second SRI/TPMI design, details on dynamic switching can be determined and dynamic switching can be supported based on reserved entries of two SRI/TPMI fields (case 1) or the only second SRI/TPMI field (case 2). If the number of reserved entries is insufficient, one bit can be added into the second SRI/TPMI field.
Proposal 16. Based on using two SRI fields and providing an additional p0-PUSCH-SetList, a single OLPC parameter set indication field is enough for determining two p0 values for mTRP based URLLC PUSCH repetition for URLLC traffic.
Proposal 17. For maxRank=2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
Proposal 18. Consider the indication method of PTRS-DMRS association for maxRank>2 without increase of DCI overhead.
Proposal 19: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.
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