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Introduction
In RAN1-95 meeting, the following agreements were reached for Multi-TRP/Panel Transmission [1]
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB
Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 
Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case
In this contribution, we discuss about the PDCCH transmission and HARQ process for Multi-TRP/Panel transmission.
PDCCH for Multi-TRP/Panel transmission  
1 
2 
2.1 Single PDCCH
TCI state for PDSCH
Single PDCCH need to schedule PDSCHs from more than one panels or TRPs, thus DCI should indicate more than one TCI states for PDSCH reception. There are some options can be considered to indicate more than one TCI states in one DCI as follows:
· Option 1: By multiple TCI fields, 
· It is a straightforward method, and the TCI field for each panel is independent. 
· Option 2: An extension of the existing TCI field,
· To increase the number of bits for existing TCI field, some bits indicate one TCI state and other bits indicate another one TCI state.
· Option 3: Existing TCI field to indicate a TCI group,
· TCI group includes more than one TCI state. RRC configures a mapping between TCI group and multiple RS resources, then TCI field can indicate multiple RS resources to indicate more than one Rx beam.
Considering above three options, option 3 has the lowest DCI signaling overhead but the highest RRC signaling overhead. Option 1 and option 2 have similar DCI overhead, but option 1 is easy to indicate the mapping between the TB(s) and TCI field. We give an example with assumption that there are 3 TBs scheduled by 2 TCI fields. With option 1, it is easy to allocate the IE position to indicate the mapping between TB(s) and TCI fields. For example, the position of each IE can be seen in Fig.1. It means that TCI field#0 is applied for TB#0 and TB#1, while TCI field#1 is applied for TB#2. But for option 2, similar to Rel-15, only one TCI field with more bit numbers can’t indicate which 2 TBs should apply the same TCI states since there are two cases: one is that TB#0 should apply TCI state#0 indicated by lower bit numbers and TB#1~#2 should apply TCI state#1 indicated by higher bit numbers. The other one is TB#0~#1 should apply TCI state#0 indicated by lower bit numbers and TB#2 should apply TCI state#1 indicated by higher bit numbers. Thus it is not clear for option 2. So we suggest to down-select from option 1 and option 3.
[image: ]
Fig.1, IE position of option 1
Proposal 1: We prefer to down select from option 1 and option 3.
TCI state for PDCCH
Single PDCCH can be transmitted by one TRP to indicate more than one TCI state for PDSCH reception. In order for reliability, it is also can be transmitted by more than one TRP. As for the TCI state for PDCCH reception, it is indicated by the MAC activation. For example, if gNB transmits PDCCH by TRP#0, MAC can active TCI#0. If gNB transmits PDCCH by TRP#1, MAC can active TCI#1. But if gNB transmits PDCCH by both TRP#0 and TRP#1, MAC need to active both TCI#0 and TCI#1. It means that it is necessary to support MAC activation of more than one TCI state for PDCCH reception.  
Proposal 2: It is necessary to support MAC activation of more than one TCI state for PDCCH reception.
In order for the flexibility, different TRP may transmit PDCCH through different CORESET to UE. In this case, how to define the default TCI state(s) for PDSCH when the offset between PDSCH and PDCCH is smaller than a threshold [2]? There will be a problem by using the TCI state of a CORESET with the lowest index in the latest slot. Since it is possible that the DCI in the CORESET with the lowest index was transmitted from the different TRP compared to the TRP transmitting the PDSCH. Thus it is necessary to add the TRP ID into the CORESET configuration. And the default TCI state should be the TCI state of a CORESET from a same TRP as the PDSCH. If the single PDCCH was configured with more than one TCI state, there should be more than one default TCI state for PDSCH reception. Else, there is only one default TCI state for PDSCH reception.
Proposal 3: It is better to add the TRP ID into the CORESET configuration.
Proposal 4: More than one default TCI state for PDSCH reception should be supported.
Proposal 5: It will fall back to only one default TCI state for PDSCH reception if the CORESET is configured with only one TCI state.
2.2 Multiple PDCCH
For multiple PDCCH, each TRP/panel schedules the PDSCH by different PDCCH independently. Thus, the TCI state for PDSCH and PDCCH transmission can reuse that in Rel-15. But the difference is that different TRP/panel need to transmit PDCCH in different CORESET. It means that TRP ID should be added into CORESET configuration as same as that of single PDCCH case. 
HARQ process for Multi-TRP/Panel transmission  
For the case of ideal backhaul between multiple TRPs, single PDCCH can be used to schedule PDSCHs from multiple TRPs. In this case, single HARQ entity is preferred for PDSCHs from multiple TRPs/panels. For PDSCHs scheduled by a single PDCCH and transmitted from different TRPS/panels, both different HARQ process number and same HARQ process number can be supported. And the maximum number of HARQ process should be increased. 
For the case of non-ideal backhaul, it is better to use independent HARQ entity. In order for mapping between HARQ process number and PDSCH, some methods need to be considered: for example, indicate the TRP/panel ID together with the HARQ process number, configure different DMRS resource or CORESET for DCI from different TRP/panel, etc. At the same time, PDSCH should be transmitted with scrambling of TRP/panel ID.
Proposal 6: Both single HARQ entity and multiple HARQ entity should be supported. 
Conclusion
In this contribution, we discuss about the potential enhancements on PDCCH and HARQ process of Multi-TRP/Panel transmission. Based on above discusses, we provide the following proposals.
Proposal 1: We prefer to down select from option 1 and option 3.
Proposal 2: It is necessary to support MAC activation of more than one TCI state for PDCCH reception.
Proposal 3: It is better to add the TRP ID into the CORESET configuration.
Proposal 4: More than one default TCI state for PDSCH reception should be supported.
Proposal 5: It will fall back to only one default TCI state for PDSCH reception if the CORESET is configured with only one TCI state.
Proposal 6: Both single HARQ entity and multiple HARQ entity should be supported. 
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