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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to 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. SDM, TDM, and FDM based PDSCH enhancements have been specified in Rel-16 to improve reliability and robustness for multi-TRP transmission. The enhancements for other channels, including PDCCH, PUSCH, and PUCCH, are discussed in this contribution. 
2. Enhancements on multi-TRP for PDCCH
2.1 PUCCH resource determination

In RAN1#104-e meeting [2], the following agreement was made for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight.

	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.


To enable a PDCCH transmission with two TCI states, two SS sets associated with corresponding CORESETs (Alt 3) are supported in RAN1#104-e meeting. Therefore, to make sure two TCI states in two SS sets, the two SS sets can’t associate with one same CORESET. So, there is no technical difference between Option 1 and Option 2 for the reason that the two CORESETs associated with corresponding SS sets need to be different. However, the starting CCE index and number of CCEs are the properties of CORESET, so it is natural that starting CCE index and number of CCEs in the CORESET of the PDCCH candidate with the lowest CORESET ID is applied for PUCCH resource determination.
Proposal 1: Support Option 1 (The one with the lowest CORESET ID is applied) for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight.
2.2 PDCCH BD limit enhancement
In RAN1#104-e meeting [2], the following agreement was made for PDCCH BD limit.

	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

· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.

· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).


When UE couldn’t support soft-combining, UE only decodes individual PDCCH candidates without decoding the combined candidate, and naturally, 2 BDs might be assumed for the two PDCCH candidates if UE don’t have the capability of soft-combining. However, for Option 1, even if the UE don’t support soft-combing, UE still have to report a required number of BDs for the two PDCCH candidates, which might bring some unnecessary extra overhead. In addition, UE need to report the TRPs the decoding assumption(s) and then the BD assumption is inferred based on the reported decoding assumptions in Option 3, which might be unnecessary since the TRPs only need to get the required number of BDs for the linked PDCCH candidates for PDCCH configuration. However, for Option 4 and 5, a fixed BDs are assumed irrespective of UE’s decoding assumption, which would obviously bring the PDCCH some capability or performance loss. Based on the above discussion, Option 2 might the best solution for number of BDs of the linked PDCCH candidates considering the balance of UE’s reporting overhead and PDCCH performance.
Proposal 2: Support 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) for PDCCH reliability enhancements.
2.3 Some other issues
In RAN1#104-e meeting [2], the following agreement was made for some issues about Multi-TRP PDCCH repetition.
	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.


For issue 1, since both two PDCCH candidates could be received, either one of them can be considered for reference symbol for SLIV on PDSCH mapping type B. Similarly, the QCL of PDSCH might be the same as either of the two PDCCH candidates for issue 2. However, the reference starting symbol in issue 1 and the reference PDCCH candidate for QCL of PDSCH need to be clarified for unambiguous determination irrespective of which PDCCH candidate is detected.
Proposal 3: For issue 1 and 2, one of the linked PDCCH candidates could be applied as the reference PDCCH candidate when multiple PDCCH candidates are transmitted with repetition scheme.
For issue 3, the issue only happens in multi-DCI based multi-TRP transmission scheme. However, multi-DCI based multi-TRP scheme is mainly used for some cases with non-ideal backhaul, which might not align with the WID proposed in RAN#86 meeting [1], i.e., the work item aims to identify and specify features to improve reliability and robustness for channels other than PDSCH. Therefore, multi-DCI based multi-TRP PDCCH repetition shall not be considered in Rel-17.
Proposal 4: Multi-DCI based multi-TRP PDCCH repetition shall not be considered in Rel-17.
Similarly, single-TRP PDCCH repetition is not in the scope of Rel-17 WID. Besides, the SS with smaller periodicity could take place of single-TRP PDCCH repetition to improve the reliability of single-TRP PDCCH. Therefore, single-TRP PDCCH repetition shall not be considered in Rel-17.
Proposal 5: Single-TRP PDCCH repetition shall not be considered in Rel-17.
3. Enhancements on multi-TRP for PUCCH 
3.1 PUCCH repetition schemes

In RAN1#104-e meeting [2], the following working assumption was made for PUCCH repetition schemes.

	Working Assumption

For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 

· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 

· 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.


For PUCCH repetition scheme, slot-based PUCCH repetition has been specified in Rel-15 for URLLC, which can be worked as a starting point and extent to multi-TRP scenario. For URLLC, long PUCCH can be used instead of intra-slot repetition to improve the reliability with the increasing of PUCCH resource overhead, so intra-slot PUCCH repetition is not specified in URLLC. However, for multi-TRP transmission, since different repetition may be transmitted for different TRPs with different beams, so long PUCCH cannot be used to take the place of intra-slot PUCCH repetition. Besides, intra-slot repetition can reduce the latency for PUCCH transmission, especially for some TDD frame structure with less UL slot. Therefore, intra-slot PUCCH repetition should be also considered for multi-TRP transmission. Furthermore, for the reason that different repetition may be transmitted with different beams or with different power control, long PUCCH format cannot take the place of short PUCCH format repetition. So, all PUCCH formats could be considered for Multi-TRP intra-slot repetition.
Proposal 6: Support Multi-TRP intra-slot PUCCH repetition (Scheme 3) for all PUCCH formats.
3.2 PUCCH power control enhancement
In RAN1#104-e meeting [2], the following agreements were made for PUCCH power control enhancement.

	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.

· 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

· 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 a another slot.

· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.

· 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.


Regarding Option.1, for non-co-located Multi-TRP, the channel of different TRPs may be different, and the TPC command for different TRPs may be different accordingly, so only one TPC value is not enough to adjust separate closed-loop power control for different PUCCH repetitions. Besides, Option.2 might bring the increasing of latency if two TPC commands are applied for two PUCCH beams at two different slots. In addition, for Option.4, if only one TPC field could indicate two TPC values applied to two PUCCH beams without increasing TPC field bits, the spec impact is not clear to define the combinations of the two TPC values for two beams, and considering the restrictions on the flexibility of TPC command, there might be performance loss against other options. Furthermore, the DCI payload in Option 3 may not be a big issue since the TPC command for PUCCH resource is indicated by DCI formats 1_1 / 1_2. Therefore, adding a second TPC field in DCI formats 1_1 / 1_2 is a good way for TPC command indication.
Proposal 7: Support adding a second TPC field in DCI formats 1_1 / 1_2 (Option 3) for Multi-TRP PUCCH power control enhancement.
3.3 PUCCH beam mapping pattern
In RAN1#104-e meeting [2], the following working assumption was made for PUCCH beam mapping pattern.

	Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,

· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).

· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.

· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 


Similar as TCI state mapping to PDSCH transmission occasions specified in Rel-16, both cyclical mapping pattern and sequential mapping pattern could be considered for PUCCH beam mapping. For cyclical mapping, PUCCH beam #1#2#1#2 are mapped to 4 PUCCH repetitions. For sequential mapping, PUCCH beam #1#1#2#2 are mapped to 4 PUCCH repetitions. For more than 4 PUCCH repetitions, the above mapping pattern is repeated.
Proposal 8: Both cyclical mapping and sequential mapping could be considered for PUCCH beam mapping pattern to PUCCH repetitions.
3.4 Some other issues
In RAN1#104-e meeting [2], the following working agreement was made for some other issues on PUCCH repetition scheme.

	Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols

· Whether frequency hopping is performed among the repetitions with the same beam

· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource


When PUSCH is scheduled by DCI format 0_0, the PUSCH need to apply the same beam as the corresponding PUCCH resource. However, in Multi-TRP PUCCH repetition scheme, the PUCCH resource is configured with two spatial relation info. The reference beam is needed to be clarified for unambiguous determination considering two spatial relation info are configured. Hence, one of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.

Proposal 9: One of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.
4. Enhancements on multi-TRP for PUSCH 
4.1 Multi-DCI based PUSCH enhancement
In RAN1#103-e meeting, the following agreement was made for multi-DCI based PUSCH scheduling schemes.

	Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  

· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 

· FFS: Details related to timeline restrictions and beam mapping  

· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.

· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 

Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings

The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e


For PUSCH scheduling, TPMI, RI, SRI, DMRS port, and TPC command are all indicated by DCI. For non-co-located multi-TRP deployment, the channel of different TRPs are different, if single-DCI based UL scheduling is used, it is hard to extend these fields to support different indication for multi-TRP transmission. If same TPMI, RI, SRI, DMRS port, and TPC command are assumed for different repetitions of PUSCH, the performance of PUSCH will be apparently reduced.
As shown in Fig. 1, multi-DCI based PUSCH inter-slot repetition scheme need ensure that every repetition from the two TRPs is in different slots without slot overlapping. Similarly, for intra-slot repetition, symbol level overlapping for every repetition from the two TRPs is also not expected. Besides, the beams applied to the PUSCH for different TRPs could just follow the associated DCI from two TRPs, and there is no spec impact in beam mapping for multi-DCI based PUSCH repetition.
Therefore, to support flexible indication of TPMI, RI, SRI, DMRS port, and TPC command, multi-DCI based PUSCH scheduling is more suitable for multi-TRP transmission, and there are fewer spec impacts in multi-DCI based PUSCH transmission than in single-DCI scheme. 

[image: image1]
Fig.1 Multi-DCI based PUSCH scheduling for multi-TRP URLLC PDSCH transmission

Proposal 10: Multi-DCI based PUSCH scheduling should be considered for multi-TRP URLLC PUSCH transmission.
4.2 Single-DCI based PUSCH enhancement
In RAN1#104-e meeting [2], the following agreements and working assumption were made for single-DCI based PUSCH enhancement.

	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,

· Two TPMI fields are indicated in DCI formats 0_1/0_2.

· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.

· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212

· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.

· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.

· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.

· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions

· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.

· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations

· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.

· FFS: Support dynamic switching the order of two TRPs

· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any

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.

· 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

· 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.

· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.

· 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.


For codebook based PUSCH repetition scheme, since a same number of layers need be applied for the both two TPMIs for two TRPs, the second TPMI field interpretation shall only consider the number of layers indicated in the first TPMI field. Therefore, for the second TPMI field in codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers shall be considered in each table for Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212.
Proposal 11: For the second TPMI field in codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers shall be considered in each table for Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212.
In addition, for non-codebook based PUSCH repetition scheme, since only one number of layers need be applied for the both two TRPs, the second SRI field interpretation shall only consider the number of layers indicated in the first SRI field. Hence, for the second SRI field in non-codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers in each table shall be considered in each table for Table 7.3.1.1.2-28/29/30/31 in 38.212.
Proposal 12: For the second SRI field in non-codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers in each table shall be considered in each table for Table 7.3.1.1.2-28/29/30/31 in 38.212.
About closed-loop power control for PUSCH, regarding Option.1, for non-co-located Multi-TRP, the channel of different TRPs may be different, and the TPC command for different TRPs may be different accordingly, so only one TPC value is not enough to adjust separate closed-loop power control for different PUSCH repetitions. Besides, Option.2 might bring the increasing of latency if two TPC commands are applied for two PUSCH beams at two different slots. In addition, for Option.4, if only one TPC field could indicate two TPC values applied to two PUSCH beams without increasing TPC field bits, the spec impact is not clear to define the combinations of the two TPC values for two beams, and considering the restrictions on the flexibility of TPC command, there might be performance loss against other options. Therefore, adding a second TPC field in DCI formats 0_1 / 0_2 is a good way for TPC command indication.
Proposal 13: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement.
5. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: Support Option 1 (The one with the lowest CORESET ID is applied) for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight.
Proposal 2: Support 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) for PDCCH reliability enhancements.

Proposal 3: For issue 1 and 2, one of the linked PDCCH candidates could be applied as the reference PDCCH candidate when multiple PDCCH candidates are transmitted with repetition scheme.

Proposal 4: Multi-DCI based multi-TRP PDCCH repetition shall not be considered in Rel-17.
Proposal 5: Single-TRP PDCCH repetition shall not be considered in Rel-17.
Proposal 6: Support Multi-TRP intra-slot PUCCH repetition (Scheme 3) for all PUCCH formats.
Proposal 7: Support adding a second TPC field in DCI formats 1_1 / 1_2 (Option 3) for Multi-TRP PUCCH power control enhancement.

Proposal 8: Both cyclical mapping and sequential mapping could be considered for PUCCH beam mapping pattern to PUCCH repetitions.
Proposal 9: One of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.
Proposal 10: Multi-DCI based PUSCH scheduling should be considered for multi-TRP URLLC PUSCH transmission.

Proposal 11: For the second TPMI field in codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers shall be considered in each table for Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212.
Proposal 12: For the second SRI field in non-codebook based PUSCH M-TRP repetition scheme, only one kind of number of layers in each table shall be considered in each table for Table 7.3.1.1.2-28/29/30/31 in 38.212.
Proposal 13: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement.
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