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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 PUCCH 
2.1 PUCCH inter-slot frequency hopping scheme

In RAN1#104b-e meeting [3], the following agreement was made for PUCCH inter-slot frequency hopping scheme.

	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  

· Option 1

· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).

· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 

· Option 2: 

· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)

· Option 3:

· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 


The cyclical mapping pattern could give the network much faster beam diversity gain comparing with sequential mapping pattern. However, in Option 2, gNB can’t configure this mapping pattern. In addition, if frequency hopping is performed on slot level with cyclical mapping pattern as described in Option 3, the PUCCH repetitions within one beam might not go through all the frequency hops and the frequency diversity may not be achieved. Therefore, we prefer Option 1, which can achieve the beam diversity and frequency diversity in both sequential mapping pattern and cyclical mapping pattern. 
Proposal 1: Support Option 1 for inter-slot frequency hopping in Multi-TRP PUCCH inter-slot repetition scheme:

· Option 1

· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).

· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
2.2 PUCCH power control enhancement
In RAN1#104-e meeting [2], the following agreement was 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. 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 may be a good way for TPC command indication. However, if the second TPC field is not configured by RRC, we can also accept Option 4. If the combinations of the two TPC values applied to two PUCCH beams respectively are well designed, the performance loss brought by improper PUCCH power control may not be a critical issue.
Proposal 2: Support adding a second TPC field in DCI formats 1_1 / 1_2 (Option 3) for Multi-TRP PUCCH power control enhancement if the second TPC field is configured by RRC; support indicating two TPC values applied to two PUCCH beams respectively by a single TPC field (Option 4) if the second TPC field is not configured by RRC.
2.3 Default beam for PUSCH when two spatial relation info’s are configured for a PUCCH resource 
In RAN1#104-e meeting [2], the following 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. Therefore, 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 3: 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.
3. Enhancements on multi-TRP for PUSCH 
3.1 STRP/MTRP dynamic switching
In RAN1#104b-e meeting [3], the following working assumption was made for STRP/MTRP dynamic switching on non-CB/CB based MTRP PUSCH repetition.

	Working Assumption

For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,

· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits


Just as described in this working assumption, if a new field in DCI is introduced, considering one bit could correspond to two codepoints, may be only one bit in the new field is enough to indicate S-TRP/M-TRP operation. If the new field is 2 bits and it is just used to indicate two different S-TRP PUSCH transmission and M-TRP PUSCH repetition, it might bring more payload for the DCI design than introducing a new field with only one bit. Considering the second SRI field/second TPMI field for non-CB/CB based MTRP PUSCH repetition has been introduced and the DCI payload is already very heavy, the design on the new field to indicate the STRP/MTRP dynamic switching should be as simple as possible, maybe one bit is enough just to indicate two different transmission schemes (Single-TRP and Multi-TRP transmission).
Proposal 4: The new field to indicate the STRP/MTRP dynamic switching could be only 1 bit.

3.2 PUSCH power control enhancement
In RAN1#104-e meeting [2], the following agreement was made for PUSCH power control enhancement.

	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.


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. Therefore, adding a second TPC field in DCI formats 0_1 / 0_2 might be a good way for TPC command indication. However, if the second TPC field is not configured by RRC, Option 4 is also acceptable. If the combinations of the two TPC values applied to two PUSCH beams respectively are well designed, the performance loss brought by improper PUSCH power control may not be a critical issue. Basically, we think a same solution for closed-loop power control for M-TRP PUSCH repetition as M-TRP PUCCH scheme should be adopted and we have the following proposal:
Proposal 5: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement if the second TPC field is configured by RRC; support indicating two TPC values applied to two PUSCH beams respectively by a single TPC field (Option 4) if the second TPC field is not configured by RRC.
4. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: Support Option 1 for inter-slot frequency hopping in Multi-TRP PUCCH inter-slot repetition scheme:

· Option 1

· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).

· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
Proposal 2: Support adding a second TPC field in DCI formats 1_1 / 1_2 (Option 3) for Multi-TRP PUCCH power control enhancement if the second TPC field is configured by RRC; support indicating two TPC values applied to two PUCCH beams respectively by a single TPC field (Option 4) if the second TPC field is not configured by RRC.

Proposal 3: 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 4: The new field to indicate the STRP/MTRP dynamic switching could be only 1 bit.

Proposal 5: Support adding a second TPC field in DCI formats 0_1 / 0_2 (Option 3) for Multi-TRP PUSCH power control enhancement if the second TPC field is configured by RRC; support indicating two TPC values applied to two PUSCH beams respectively by a single TPC field (Option 4) if the second TPC field is not configured by RRC.
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