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Introduction
In RAN1 Ad-hoc meeting 1901, the following agreements were reached for Multi-TRP/Panel Transmission [1]
Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signaling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.
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. In last RAN1 meeting, the agreement as follows were achieved: 
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
Based on this agreement, it is necessary to define one or more new mapping table(s) between TCI code point in DCI and TCI state(s). But before discussion on the detail of the mapping tables, it is better to make clear of the panel activation mechanism and the meaning of TCI state activation.  
Proposal 1: It is better to make clear of the panel activation mechanism before discussion the detail of mapping table between TCI code point and TCI state(s).
In order to support transmitting the same transport block from multiple TRPs, it was agreed that following schemes were proposed for further down-selection for one or more schemes in next meetings.
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
Scheme 1 (SDM) is a straightforward method to improve the transmission reliability by beams from multiple TRPs. As for scheme 2 (FDM), it needs more DCI signaling overhead to indicate different frequency resource compared to scheme 1 (SDM). While both scheme 3 (TDM) and scheme 4 (TDM) can be seen as repetition by beams from multiple TRPs. Thus we do not prefer scheme 2 (FDM).
Proposal 2: We do not prefer scheme 2 (FDM).
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 3: 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 4: It is better to add the TRP ID into the CORESET configuration.
Proposal 5: More than one default TCI state for PDSCH reception should be supported.
Proposal 6: 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 7: 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: It is better to make clear of the panel activation mechanism before discussion the detail of mapping table between TCI code point and TCI state(s).
Proposal 2: We do not prefer scheme 2 (FDM).
Proposal 3: It is necessary to support MAC activation of more than one TCI state for PDCCH reception.
Proposal 4: It is better to add the TRP ID into the CORESET configuration.
Proposal 5: More than one default TCI state for PDSCH reception should be supported.
Proposal 6: It will fall back to only one default TCI state for PDSCH reception if the CORESET is configured with only one TCI state.
Proposal 7: Both single HARQ entity and multiple HARQ entity should be supported. 
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