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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 PDCCH transmission schemes

In RAN1#103-e meeting [2], the following agreement and working assumption were made for PDCCH transmission schemes.

	Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.

· Maximum number of linked PDCCH candidates is two

· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any

· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3

· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 

· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.

· FFS: whether and how to support for DCI format 2_x
Working Assumption

For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).



In Rel-15/16, at most three CORESETs can be configured for UE, especially for FR2, when CORESET 0 and CORESET_BFR are configured, it is not available to configure another two CORESETs for PDCCH repetition based on Alt3. To consider the CORESET configuration flexibility, Alt 1-3 occupies less CORESET than Alt 3, but Alt 1-3 needs additional spec enhancement to support two TCI states for one CORESET. Based on the above discussion, both Alt 1-3 and Alt 3 could be supported for PDCCH candidate association scheme.
Proposal 1: Support both Alt 1-3 (Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET) and Alt 3 (Two SS sets associated with corresponding CORESETs) for PDCCH from different TRPs to improve PDCCH reliability.
Besides, the issues related to PDCCH time line restriction will be discussed below:
· Issue 1: implicit PUCCH resource determination for >8 PUCCH resources in the resource set: In Rel-15, for the first set of PUCCH resources and when >8 PUCCH resources are in the set, the start CCE index and the total number of CCEs in the CORESET play a role (in addition to PRI) in PUCCH resource determination. However, for PDCCH repetition, when UE monitors two PDCCH with different start CCE index or different total number of CCEs of the CORESET, UE may determine two different PUCCH resource index. 
· Issue 2: scheduling offset for “timeDurationForQCL”: There shall be a common understanding between UE and gNB about the scheduling offset for “timeDurationForQCL”, so that UE and gNB could be on the same page with respect to when default beam is used even when one of the PDCCH candidates is not detected at UE side. However, for TDM based PDCCH repetition, when UE monitors two PDCCH at different time occasion, how to determine the scheduling offset between PDCCH and PDSCH and further determine the beam for PDSCH reception.
· Issue 3: Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH: For TDM based PDCCH repetition, when UE monitors two PDCCH at different time occasion, how to determine the PDCCH reception time for out-of-order / in-order scheduling.
· Issue 4: DAI for Type-2 codebook: cDAI for Type-2 codebook is defined as the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats is present up to the current serving cell and current PDCCH monitoring occasion in Rel-15. However, the DAI definition may need to be modified for multi-TRP PDCCH repetition scheme, since the two PDCCH candidates may not belong to the same PDCCH monitoring occasion while the DAI value should be the same. The reference for DAI definition could be predefined, i.e., the PDCCH monitoring occasion corresponds to the first candidate or the second candidate. 
· Issue 5: Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: Similar to the DAI definition issue, regarding the slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, the reference for counting slot offset also need to be clarified for unambiguous determination irrespective of which PDCCH candidate is detected when different PDCCH candidates are in different slots. 
Based on the above discussion, we can clearly see that the core of all these issues is the definition of reference PDCCH candidate when multiple PDCCH candidates are transmitted with repetition scheme.
Proposal 2: One of the linked PDCCH candidates could be applied as the reference PDCCH candidate when multiple PDCCH candidates are transmitted with repetition scheme.
2.2 PDCCH BD limit enhancement
In RAN1#103-e meeting [2], the following agreement was made for PDCCH BD limit.

	Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following

· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required

· With respect to the complexity associated with decoding, the following assumptions can be further discussed:

· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates

· Assumption 2: UE decodes individual PDCCH candidates

· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate

· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate

· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.

· 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).


With respect to the complexity associated with decoding, Assumption 2 could not obtain the soft-combining performance gain compared with other assumptions. Assumption 3 will restrict that the first PDCCH candidate should be always transmitted, even if this link is blocked. Assumption 4 has large UE complexity. Based on the above discussion, Assumption 1 could obtain soft-combing performance gain, with less restriction and less UE complexity.

Proposal 3: Support Assumption 1(UE only decodes the combined candidate without decoding individual PDCCH candidates) for PDCCH reliability enhancements.
2.3 PUCCH resource determination

In RAN1#103-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 (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)

· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied

· FFS:  Which one of the linked PDCCH candidates is used.

· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates

· Other alternatives are not precluded.


Alt 1 may bring too much restrictions on PDCCH configuration, such that the start CCE index and the total number of CCEs in the two CORESETs have to be ensured same. Furthermore, there might be a severe performance gain decline for Alt 1 comparing with no repetition transmission. Regarding Alt 3, two separate PRI associated with the two PDCCH candidates may be required, since the two PDCCH candidates might have different starting CCE index and the total number of CCEs in the two CORESETs may also be different. Besides, two PUCCH resources also need to be reserved from gNB side, and gNB should decoding both of the two PUCCH resources. Based on the above discussion, Alt 2 could be supported for PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has a size larger than eight.
Proposal 4: Support Alt 2(Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied) for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight.
3. Enhancements on multi-TRP for PUCCH 
3.1 PUCCH repetition schemes

In RAN1#103-e meeting [2], the following agreements were made for PUCCH repetition schemes.

	Agreement
For multi-TRP PUCCH transmission schemes.  

· Support multi-TRP inter-slot repetition (Scheme 1)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 

· FFS: Number of repetitions

· Further study the support (one or both) of the following schemes

· Multi-TRP intra-slot beam hopping (Scheme 2)

· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.

· FFS: More than 2 beam hopping instances per PUCCH resource.

· Multi-TRP intra-slot repetition (Scheme 3)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 

· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately.
Agreement
For multi-TRP PUCCH transmission schemes,

· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 

· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  


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. In addition, for Scheme 2, the separate power control parameters for different beams might be difficult to realize with only one PUCCH resource. Therefore, intra-slot PUCCH repetition should be also considered for multi-TRP transmission. 
Proposal 5: Support Multi-TRP intra-slot PUCCH repetition (Scheme 3).
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 repetition. So, all PUCCH formats could be considered for Multi-TRP inter-slot and intra-slot repetition.
Proposal 6: Support all the PUCCH formats for Multi-TRP inter-slot and intra-slot repetition.
3.2 PUCCH power control enhancement
In RAN1#103-e meeting [2], the following agreements were made for PUCCH power control enhancement.

	Agreement
For PUCCH multi-TRP enhancements in FR2, 

· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 

· Note: No spec impact.

· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  

· Option.1: A single 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 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.

· Option 3: A second 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.

· FFS: Transition period for beam / power / frequency change. 

· FFS: Required power control enhancements for FR1


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. 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#103-e meeting [2], the following working assumption was made for PUCCH beam mapping pattern.

	Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps

· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 

· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 

· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 

· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.


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.
4. Enhancements on multi-TRP for PUSCH 
4.1 Multi-DCI based PUSCH enhancement
In RAN1#103-e meeting [2], 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 9: Multi-DCI based PUSCH scheduling should be considered for multi-TRP URLLC PUSCH transmission.
4.2 Single-DCI based PUSCH enhancement
In RAN1#103-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, support codebook based PUSCH transmission with following enhancements. 

· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 

· Alt2: No changes on SRI field 

· Support the indication of two TPMIs. 

· The same number of layers are applied for both TPMIs if two TPMIs are indicated

· The number of SRS ports between two TRPs should be same.

· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)

· Increase the maximum number of SRS resource sets to two

· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  

· Option.1: A single 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 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 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.

· FFS: Transition period for beam / power / frequency change.

Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.

· FFS: Support of half-half mapping. 

· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 

· Companies are encouraged to provide further simulation results to decide details.


To support up to two beams for different repetitions of PUSCH, SRI field in DCI could be enhanced to indicate two beams for PUSCH. Taking codebook-based transmission as an example, up to two SRS resource sets could be configured. If only one SRS resource is configured in each SRS resource set, the SRI could be a default value, like 0, and the SRI field is omitted in DCI. If up to two SRS resources is configured in each SRS resource set, the bit field of SRI need to be enhanced to 2 bits, where each bit is applied to the SRI of each resource set for each TRP, and two SRIs could indicate two beams for PUSCH. Therefore, bit field of SRI in DCI shall be enhanced to 2 bits (Alt 1).
Proposal 10: Configuring one or up to two SRS resources in a resource set could be considered for codebook based PUSCH repetition.
Proposal 11: Support the enhancement on bit field of SRI for codebook based PUSCH repetition (Alt 1).
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 12: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement.

For the mapping between PUSCH repetitions and beams, similar as TCI state mapping to PDSCH transmission occasions specified in Rel-16, both cyclical mapping and sequential mapping could be considered for PUSCH beams mapping to PUSCH repetitions. 
Proposal 13: On the mapping between PUSCH repetitions and beams, for both PUSCH repetition Type A and B, support cyclical mapping and sequential mapping pattern.
5. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: Support both Alt 1-3 (Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET) and Alt 3 (Two SS sets associated with corresponding CORESETs) for PDCCH from different TRPs to improve PDCCH reliability.
Proposal 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 3: Support Assumption 1(UE only decodes the combined candidate without decoding individual PDCCH candidates) for PDCCH reliability enhancements.
Proposal 4: Support Alt 2(Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied) for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight.
Proposal 5: Support Multi-TRP intra-slot PUCCH repetition (Scheme 3).
Proposal 6: Support all the PUCCH formats for Multi-TRP inter-slot and intra-slot repetition.

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: Multi-DCI based PUSCH scheduling should be considered for multi-TRP URLLC PUSCH transmission.

Proposal 10: Configuring one or up to two SRS resources in a resource set could be considered for codebook based PUSCH repetition.
Proposal 11: Support the enhancement on bit field of SRI for codebook based PUSCH repetition (Alt 1).
Proposal 12: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement.

Proposal 13: On the mapping between PUSCH repetitions and beams, for both PUSCH repetition Type A and B, support cyclical mapping and sequential mapping pattern.
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