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Introduction
In RAN1#96bis meetings, the progress seems very slow for multiple PDCCH design. So much more progress is expected in this Reno meeting. 
In our companion contribution [2], we provide our views on the basic functionality. In this contribution, we provide our views on more details for multiple PDCCH design, including MAC-CE enhancement for TCI and PUCCH spatial relation and SRS.
Discussion
Multiple PDCCH design is mainly for non-ideal backhaul between two coordinated TRPs. Then DCI, PDSCH transmission, ACK/NACK feedback on PUCCH and PUSCH should be separate for the two TRPs. 
MAC-CE for PDSCH TCI
Since different CORESETs can be configured for different TRPs, the configured CORESETs should be divided into two CORESET groups which correspond to two TRPs respectively. Therefore, PDSCH transmissions scheduled by DCIs from different CORESET groups should be independent. Some higher layer parameters including TCI state pool, rate matching resources, etc. should be separate for the two TRPs. Definitely, TCI activation/deactivation by MAC-CE for the two TRPs should also be separate. 
Figure 1 shows the MAC-CE structure of TCI States Activation/Deactivation for PDSCH in 38.321. However, for multi-TRP transmission based on multiple PDCCH design, UE will not know whether the TCI states Activation/Deactivation is for TRP 0 or TRP1.    


Figure 1: TCI States Activation/Deactivation for UE specific PDSCH MAC CE in 38.321
Since one CORESET group corresponds to one TRP, each MAC-CE for PDSCH TCI States Activation/Deactivation can carry a CORESET group ID. If the CORESET group ID carried by MAC-CE is equal to 0, the TCI states Activation/Deactivation for UE-specific PDSCH MAC CE is for TRP 0. Likewise, If the CORESET group ID carried by MAC-CE is equal to 1, the TCI states Activation/Deactivation is for TRP 1. Fortunately, there is one reserved bit in the MAC-CE as shown in Figure 1, it can be used to carry the CORESET group ID without any overhead increase and structure update.
Proposal 1: CORESET group ID should be carried by MAC-CE for TCI States Activation/Deactivation of UE specific PDSCH.    
Since one MAC-CE is used only to activate/deactivate TCI states from the TCI state pool configured by RRC for the corresponding TRP, the bits carried by MAC-CE only depends on the size of TCI state pool for the corresponding TRP. Then the MAC-CE overhead is not increased for multiple TRP transmission. 
MAC-CE for PUCCH spatial relation 
Similar to DL, PUCCH spatial relation pool for each TRP should be separate to save MAC-CE overhead. A MAC-CE is only used to activate/deactivate one PUCCH spatial relation for one TRP. Figure 2 shows the MAC-CE structure of PUCCH spatial relation in 38.321. However, for multi-TRP transmission based on multiple PDCCH design, UE will not know whether the TCI states Activation/Deactivation is for TRP 0 or TRP1. Therefore, CORESET group ID can also be carried by this MAC-CE, where group ID 0 and 1 correspond to TRP 0 and 1 respectively.  The same group ID can be also used to support simultaneous update on spatial relation of per-group PUCCH as discussed in [3]. In this cases, the update is applied to all the PUCCH resources corresponding to the same group ID.  


Figure 2: PUCCH spatial relation Activation/Deactivation MAC CE in 38.321
Proposal 2: CORESET group ID should be carried by MAC-CE for PUCCH spatial relation Activation/Deactivation.  

PUSCH
Because of non-ideal backhaul, separate A/N feedback on PUCCH has been agreed for two TRPs. Therefore, it is natural to extend this agreement for UCI feedback on both PUCCH and PUSCH. Moreover, at least TDMed PUCCH or PUSCH transmission can be supported for two TRPs. That’s because PUSCH is also used to carry A/N and CSI. 
In addition, the power control for the two TRPs should be separate, including open loop configurations and close loop indication. For close loop indication, TPC command indicated by DCI from CORESET group i (corresponding to TRP i) can only be used for PUSCH transmission scheduled by DCI from the same CORESET group or for PUCCH resources in PUCCH-Config with group ID i. Furthermore, PHR should also be separate for the two TRPs.
Proposal 3: Support separate PUSCH transmission for two TRPs.
· PUSCH can be TDMed with separated HARQ-ACK codebook, CSI feedback
· Power control on PUSCH should be separate for two TRPs
· PUSCH associated with different CORESET groups have different set of PC open and closed loops
· PHR should also be separate for the two TRPs.

SRS enhancement
According to the proposal 3, because PUSCH transmission is based on SRS resource set for both codebook and non-codebook based transmission, two SRS resource sets should be supported for TRP0 and TRP 1 respectively. However, only one SRS resource set is supported for CB or non-CB based PUSCH transmission in Rel-15. Then, this should be enhanced.
Proposal 4: For CB or non-CB based PUSCH transmission, two SRS resource sets should be supported and each corresponds to one TRP. 

Semi-static ACK codebook
In Rel-15 for semi-static ACK codebook across configured carriers, the number of A/N bits depends on the number configured CCs in one slot. As shown in Figure 3, even there is no PDSCH transmission in CC1, 3 bits should be reported from UE to gNB. If PDSCH 0 in CC0 and PDSCH 1 in CC2 are correctly detected by UE, the values of three bits should be 101 which represents ACK, NACK and ACK for CC0, CC1 and CC2 respectively.

[image: ]
Figure 3 Rel-15 semi-static ACK codebook across CCs
However, for multiple TRP transmission based on multiple PDCCH design, not all CCs have two CORESET groups. In other words, single TRP transmission can be configured in some CCs, i.e. only one CORESET group in these CCs. As shown in Figure 4, If there is no higher layer configuration in CC1 for CORESET group 1, NCJT based on multiple PDCCH design is not supported in CC1, and the potential PDSCH transmission is only from single TRP 0. Therefore, NACK bit for TRP 1 is not needed for CC1. The UL feedback overhead will be saved.

[image: ]
Figure 4 Semi-static ACK codebook across CCs for multiple PDCC design

Proposal 5: For semi-static ACK codebook, if only one CORESET group is configured in a CC, A/N feedback is not needed for the other CORESET group in this CC.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance multiple TRP/panel transmission. 
Proposal 1: CORESET group ID should be carried by MAC-CE for TCI States Activation/Deactivation of UE specific PDSCH.  
Proposal 2: CORESET group ID should be carried by MAC-CE for PUCCH spatial relation Activation/Deactivation.  
Proposal 3: Support separate PUSCH transmission for two TRPs.
· PUSCH can be TDMed with separated HARQ-ACK codebook, CSI feedback
· Power control on PUSCH should be separate for two TRPs
· PUSCH associated with different CORESET groups have different set of PC open and closed loops
· PHR should also be separate for the two TRPs.
Proposal 4: For CB or non-CB based PUSCH transmission, two SRS resource sets should be supported and each corresponds to one TRP. 
Proposal 5: For semi-static ACK codebook, if only one CORESET group is configured in one CC, A/N feedback is not needed for the other CORESET group in this CC.
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