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Introduction
In RAN #96bis meeting, the following agreements on multi-TRP transmission were achieved [1].
Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

In this contribution, we provide our considerations for multi-TRP/panel transmission enhancements based on the above agreements, for multi-PDCCH design with ideal/non-ideal backhaul and single-PDCCH design.
Discussion	 on Multi-PDCCH based multi-TRP/Panel transmission
For multi-PDCCH based multi-TRP/Panel transmission, multiple PDCCHs each schedules a separate NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. In this section, PDSCH scrambling, PUCCH differentiation mechanism, TDMed PUCCH transmission and HARQ process are discussed for multi-PDCCH based multi-TRP/Panel transmission enhancements.
· PDSCH scrambling
In Rel-15 PDSCH scrambling procedure, a pseudo-random sequence is used to scramble the code word sequence in order to avoid persistent interference. The scrambling sequence generator is initialized with

where  equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and  corresponds to the RNTI associated with the PUSCH transmission [2]. For multi-TRP/Panel transmission, if different TRPs are in the same serving cell, the PDSCH scrambling sequences form these TRPs will be the same for UE, which may cause persistent interference. In RAN1 #96bis meeting, 2 options are provided in order to support different PDSCH scrambling sequences:
· Alt 1: enhance c_init, FFS detailed design in RAN1 97.
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH.
The parameter dataScramblingIdentityPDSCH is in PSCDH-Config information element. In fact, PDSCH-Config includes a lot of parameters that may need to be separately transmitted from different TRPs, e.g. tci-StatesToAddModList, tci-StatesToReleaseList, rateMatchPatternToAddModList, rateMatchPatternToReleaseList etc. In our view, both Alt 1 and Alt 2 can support different PDSCH scrambling sequence. Compare with Alt 1, Alt 2 may be a more comprehensive method. A simple way to realize Alt 2 is supporting 2 PDSCH-config, by doing this, not only multiple dataScramblingIdentityPDSCH is supported, separate TCI state list as well as separate rate matching configures can also be supported. 
Proposal 1: In order to support different PDSCH scrambling sequences, Alt 2 should be supported, i.e. enhance RRC configurations to support multiple dataScramblingIdentityPDSCH. 
Proposal 2: In order to support multiple dataScramblingIdentityPDSCH, one possible way is to support multiple PDSCH-config.
· PUCCH differentiation
In downlink transmission, it is agreed that PDCCH/PDSCH from different TRPs are differentiated by CORESET subset ID. While in uplink transmission, the mechanism about how to differentiate PUCCH transmissions is not determined yet. In RAN1 # 96 meeting, 2 alternatives are proposed for discussion:
· Alt 1:  Each PUCCH resource is linked with a configuration information for PDCCH.
· Alt 2:  Each PUCCH resource is linked with a DL DCI information scheduling  PDSCH.
In the offline discussion of RAN1 #96bis meeting, UL TRP differentiation mechanism is further discussed. In our view, since CORESET group ID is needed for PDCCH/PDSCH differentiation, here we think it is a nature choice to use CORESET group ID for PUCCH differentiation.
Proposal 3: In order to differentiate PUCCH transmission, a CORESET group ID should be introduced.
· TDMed PUCCH transmission within a slot
In RAN1 #96bis meeting, 3 alternatives are proposed to be studied for TDMed PUCCH transmission within a slot for separate ACK/NACK:
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 
In our view, we think that PUCCH resources for different TRPs should be non-overlapping and be separated configured. Thus, the concept of “PUCCH resource group” may be needed, each TRP can use a separate PUCCH resource group and PUCCH resources in different PUCCH resource group are non-overlapping.
Proposal 4: For TDMed PUCCH transmission within a slot for separate ACK/NACK, Alt 1 should be supported, i.e. PUCCH resource groups can be explicitly configured by the NW. 
· HARQ process
Fore multi-PDCCH, separate HARQ process is needed for separate PDSCH from different TRP. In order not to make the UE confused, HARQ IDs indicated by different DCIs should also be different. Thus, compared with single-DCI, only half of the HARQ process can be used by each DCI for multi-DCI case, which may cause some performance loss. One way to deal with this problem is to increase the number of HARQ processed IDs, e.g., increase the number of HARQ processed IDs to 32. However, if the number of HARQ processes is increased explicitly, more bits in DCI are needed for HARQ process ID. In order to maintain the size of HARQ process ID field, implicitly increasing the number of HARQ processes may be a better choice. 
Proposal 5: For multi-DCI based multi-TRP/panel transmission, support to increase the number of HARQ processes to 32.
Discussion	 on single-PDCCH based multi-TRP/Panel transmission
For single-PDCCH based multi-TRP/Panel transmission, single-PDCCH schedules single PDSCH where different layers can be transmitted from separate TRPs with the same PRB allocation. In this section, QCL indication enhancement is discussed for single-PDCCH based multi-TRP/Panel transmission enhancements.
· QCL indication enhancement
For single-PDCCH based multi-TRP/Panel transmission, different layers can be transmitted from different TRPs. Taking 4-layer transmission as an example, 3 layers may be transmitted from TRP #1 and 1 layer may be transmitted from TRP #2. In this situation, the DMRS ports used for 3 layers transmission for TRP #1 and the DMRS port for TRP #2 should be in different CDM groups. However, this cannot be satisfied by Rel-15 DMRS tables for antenna ports indication. Thus, DMRS tables for antenna ports indication needs to be enhanced in order to support single-PDCCH based multi-TRP/Panel transmission. Since the reserved entries in Rel-15 DMRS tables is limited, e.g., for DRMS type 1 & maxLength=2, there is only 1 entry reserved, for DRMS type 2 & maxLength=2, there is only 6 entry reserved, thus we do not think it is enough to support single-PDCCH based multi-TRP/Panel transmission.
Proposal 6: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
In RAN1 AdHoc 1901 meeting [3], basic principle of TCI state to DMRS port(s) mapping was agreed for the case where two TCI states and CDM groups are indicated to enhance QCL indication for single-PDCCH based multi-TRP transmission. However, the case for DMRS type 2 with maximum three CDM groups to be indicated remains unsolved. The main question lies in whether or not to support 3 CDM groups for DMRS type 2. On the offline discussion in RAN 1 #96 meeting, three options were proposed for the case when 2 TCI states are activated within a TCI code point with DMRS occupying three CDM DMRS port groups indicated in the same DCI:
· Alt 1: fixed rule is applied, i.e. the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2.
· Alt 2: The UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI.
· Alt 3: Flexible mapping rule is applied, e.g. the first TCI state may correspond to CDM group #0, {#0,#1}, #1, #2 and the second TCI state corresponds to the remaining CDM group(s). 
The main difference between Alt.2 and Alt.1/Alt.3 is that Alt.2 limits single-PDCCH based multi-TRP/Panel transmission below 4 layers. Note that multi-TRP transmission is enabled only for UEs which are to the cell edge to increase their spectral efficiency, we think that more than 4 layers transmission is a corner case. Thus, we don’t think 3 CDM groups are necessary for DMRS type 2. However, in the offline discussion of RAN 1 #96bis meeting, majority companies supported 3 CDM groups. We think that for single-PDCCH multi-TRP DMRS port indication with DMRS type 2, the entries for 2 CDM groups should be determined first, if enough entries are left for 3 CDM groups, 3 CDM groups for DMRS type 2 can also be supported.
Proposal 7: For single-PDCCH multi-TRP DMRS port indication with DMRS type 2, the entries for 2 CDM groups should be determined first, if enough entries are left for 3 CDM groups, 3 CDM groups for DMRS type 2 can also be supported.
On the other hand, in Rel-15, the maximum size of TCI field is 3 bits. In our view, it is preferred not to enlarge the DCI size to avoid modifying the DCI format. Moreover, we think 3 bits provide enough TCI states combinations and there is no need to increase the size of TCI field. 
Proposal 8: For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.
Summary 
In this contribution, we provide our views on enhancements for multi-TRP/panel transmission. Based on our observations, we have the following proposals:
Proposal 1: In order to support different PDSCH scrambling sequences, Alt 2 should be supported, i.e. enhance RRC configurations to support multiple dataScramblingIdentityPDSCH.
Proposal 2: In order to support multiple dataScramblingIdentityPDSCH, one possible way is to support multiple PDSCH-config.
Proposal 3: In order to differentiate PUCCH transmission, a CORESET group ID should be introduced.
Proposal 4: For TDMed PUCCH transmission within a slot for separate ACK/NACK, Alt 1 should be supported, i.e. PUCCH resource groups can be explicitly configured by the NW.
Proposal 5: For multi-DCI based multi-TRP/panel transmission, support to increase the number of HARQ processes to 32. 
Proposal 6: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Proposal 7: For single-PDCCH multi-TRP DMRS port indication with DMRS type 2, the entries for 2 CDM groups should be determined first, if enough entries are left for 3 CDM groups, 3 CDM groups for DMRS type 2 can also be supported.
Proposal 8: For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.
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