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Introduction
In RAN #96 meeting, the following agreements on multi-TRP transmission were achieved [1].
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.
Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
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, monitoring of multiple PDCCH and PUCCH differentiation mechanism are discussed for multi-PDCCH based multi-TRP/Panel transmission enhancements.
· Monitoring of multiple PDCCH
In RAN1 # 96 meeting, it was agreed that one CORESET in a “PDCCH-config” corresponds to one TRP to support multiple-PDCCH based multi-TRP/panel transmission. In this way, UE can differentiate each DCI corresponding to which TRP/PDSCH/PDCCH. However, the issue whether or not to increase the number of CORESETs per “PDCCH-config” is left. In our view, firstly, if the number of CORESETs was increased, more blind detections as well as more QCL related measurements are needed, which may result in high complexity at UE side. Secondly, since the limitation of ‘up to 3 CORESETs per BWP’ was carried through Rel-15, a lot of specification changes may be needed if the number of CORESETs was increased. Thirdly, since the total number of CWs in scheduled PDSCHs is up to 2, 3 CORESETs is enough.
Proposal 1: For Multi-PDCCH based multi-TRP/Panel transmission, 3 CORESETs per “PDCCH-config” is enough.
· 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 our view, since CORESET subset ID is used for PDCCH/PDSCH differentiation, here we think it is a nature choice to use CORESET subset ID for PUCCH differentiation.
Proposal 2: In order to differentiate PUCCH transmission, Alt. 1 should be supported, i.e., each PUCCH resource is linked with a configuration information for PDCCH. Here, the ‘configuration information’ means CORESET subset ID.
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 and CW to layer mapping enhancement are discussed for single-PDCCH based multi-TRP/Panel transmission enhancements.
· QCL indication enhancement
In RAN1 AdHoc 1901 meeting [2], 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. 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. Moreover, since DMRS type 2 has 3 CDM groups, the mapping rule between TCI states and CMD groups should be further studied.
Proposal 3: For single-PDCCH based multi-TRP/Panel transmission, when 2 TCI states are activated within a TCI code point with DMRS occupying 3 CDM DMRS port groups indicated in the same DCI, Alt.2 should be supported, i.e., the UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI. The mapping rule between TCI states and CMD groups should be further studied.
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 4: For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.
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.
Proposal 5: DMRS tables for antenna ports indication needs to be enhanced for single-PDCCH based multi-TRP/Panel transmission.
· CW to layer mapping enhancement
In Rel-15, only one TB is used when total transmission layers from multiple TRPs are less than or equal to 4. However, for multi-TRP transmission, the channel quality between the UE and different TRPs may be different. Thus, it will be helpful if each TRP can transmit a separate codeword regardless of the number of transmit layers. In this way, each TRP can have separate MCS level, which is beneficial for spectral efficiency improvement.
Proposal 6: For single PDCCH based multi-TRP/panel DL transmission for eMBB, two codewords can be mapped to 2, 3, or 4 MIMO layers in Rel-16.
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: For Multi-PDCCH based multi-TRP/Panel transmission, 3 CORESETs per “PDCCH-config” is enough.
Proposal 2: In order to differentiate PUCCH transmission, Alt. 1 should be supported, i.e., each PUCCH resource is linked with a configuration information for PDCCH. Here, the ‘configuration information’ means CORESET subset ID.
Proposal 3: For single-PDCCH based multi-TRP/Panel transmission, when 2 TCI states are activated within a TCI code point with DMRS occupying 3 CDM DMRS port groups indicated in the same DCI, Alt.2 should be supported, i.e., the UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI. The mapping rule between TCI states and CMD groups should be further studied.
Proposal 4: For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.
Proposal 5: DMRS tables for antenna ports indication needs to be enhanced for single-PDCCH based multi-TRP/Panel transmission.
Proposal 6: For single PDCCH based multi-TRP/panel DL transmission for eMBB, two codewords can be mapped to 2, 3, or 4 MIMO layers in Rel-16.
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