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1 Introduction
In this contribution, we provide our consideration on the resource allocation for both multiple-PDCCH based PDSCH transmission and single-PDCCH based transmission. Potential enhancements for reliability enhancement for PDCCH is also presented. 
2 Multiple-PDCCH based downlink data transmission
In RAN1#AdHoc1901, the following agreements were reached:
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

Considering the complexity of UE implementation, we prefer Alt2. In Alt1, UE needs to consider the collision between DMRS from two TRPs and also the collision between DMRS from TRP1 and PDSCH from TRP2. Blind detection of DMRS is needed in order to maintain the quality of channel estimation via DMRS. As also pointed out by several companies [3], partially overlapping PDSCHs complicates UE’s implementation for interference handling. Alt3 aims to introduce additional constraints so that the UE behaviour could be very similar to that in Rel-15: DMRS from two TRPs occupy orthogonal REs; as a result handling the interference from other TRP is similar to handling MU interference. However we think some more constraints should be also included to facilitate UE processing:

1) Number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2
This is to improve the channel estimation quality based on DMRS measurement by avoiding colliding between PDSCH and DMRS on the REs carrying DMRS. 
2) Reference point A is the same for all TRPs

3) PRB bundling is aligned for its size and boundary among coordinated TRPs
4) SCS is the same for the PDSCHs from multiple TRPs
One possible scenario where two PDSCHs are with different SCS may be multiplexing eMBB and URLLC. However it is not necessary to support this scenario by multiple-TRP transmission, especially with non-ideal backhaul. Our proposal doesn’t preclude the cases with PDCCHs/PDSCHs from the same TRP. 
Proposal 1: Support that a UE can be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission. Alt 3 can be considered by further introducing constraints below:

1) Number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2 
2) Reference point A is the same for all TRPs

3) PRB bundling is aligned for its size and boundary among coordinated TRPs

4) SCS is the same for the PDSCHs from multiple TRPs
Regarding simultaneously supporting multi-TRP transmission and the operation of BWP switching, the multi-TRP transmission scheme should not complicate the legacy BWP operation. Allowing BWP switch command from both two TRPs would lead to large spec effort in the following aspects:
1) Without any constraint, the PDSCHs from two TRPs may reside in non-overlapped BWPs.  In such a case, a UE has to adjust its RF receiving bandwidth to be large enough to receive signals from both two BWPs. It conflicts with the motivation of introducing BWP switching.
2) After receiving BWP switch command from one TRP (TRP1), another TRP (TRP2) needs to know which BWP is switched to so that the transmission from TRP2 can reside in the new BWP.
Unless significant performance gain is observed, we do not support BWP switch in both TRPs especially for non-ideal backhaul scenarios. 
A simple approach to solve issues above with almost no spec impact is treating one coordinated TRP as a slave TRP for the purpose of throughput enhancement, and BWP switch operation is only controlled by a mater TRP. This can be achieved by the following constraints: 
1) Configuration for BWPs configured for a UE is the same for each coordinated TRP 

2) BWP switch command is allowed only from the master TRP
3) The BWP used by the master TRP always contains the BWP used by the slave TRP
As a result, the UE always follows the legacy BWP switch procedure, and the slave TRP does not need to know which BWP the UE resides in. 
Proposal 2: For a UE expected to receive two PDCCHs from two TRPs, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave TRP.
3 Single-PDCCH based downlink data transmission
Resource allocation for single NR-PDCCH based multi-TRP transmission
To simplify the design effort and reduce the signalling overhead in PDCCH, we propose to constrain that all layers from different TRPs should occupy the same resources. Following this constraint, we need to further assume that TRPs operate in same CC should also operate in the same BWP, otherwise the indication of resource allocation becomes complicated. It is also difficult for UE implementation to handle the situation with PDSCHs occupying different BWPs. Thus we suggest to preclude the scenarios with non-identical BWPs.
Proposal 3: For single PDCCH case, only one field for resource allocation for multiple-TRP transmission within one PDSCH. Layers transmitted from TRPs are with identical resource allocation. A UE expects that all PDSCH layers are transmitted within identical BWP.
4 Reliability enhancement for PDCCH 

Multi-TRP scheme is helpful to improve the reliability of PDCCH decoding via either one or multiple PDCCHs reception. The following two categories can be studied to exploit spatial diversity provided by multiple TRPs:

Cat-1: Repetition/Diversity of DCI via PDCCHs transmitted from multiple TRPs

Cat-2: Diversity of DCI via a single PDCCH transmitted from multiple TRPs
We assume the DCI information is the same for the PDCCHs if more than one PDCCH is used. 
Regarding Cat-1, it can be considered to transmit 1) exactly the same copy of PDCCH from multiple TRPs, or 2) two PDCCHs with different aggregation level encoded from the same DCI. The former approach may reduce decoding complexity if the UE is aware of that these PDCCHs are the same. In contrast, the second approach may provide more scheduling flexibility for resource allocation of PDCCH that matches channel condition. However, some constraints may be needed in order to not increase the number of blind detection.    
Regarding Cat-2, we may consider to allow that CCEs within a CORESET are transmitted from different TRPs. For example, a CORESET is composed by two symbols and each symbol is associated with one TRP. In this way, we don’t need to increase the number of blind detection while the spatial diversity is still available. The potential spec impact could be precoder assumptions defined by REG bundling and CORESET configuration.
Proposal 4: Support one DCI can be transmitted from multiple TRPs. 
5 Other issues 


In RAN1#AdHoc1901, we have the following agreements for further decision:
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 X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· X=2

· FFS: X=3
For multi-TRP transmission, in most cases it should be beneficial enough to transmit PDSCHs from at most two TRPs. Increasing the number of cooperative TRPs complicates UE processing for PDSCH demodulation and also signalling overhead. Thus we prefer X=2 for the total number of CWs in scheduled PDSCHs, although limiting X=2 still leaves some room for transmission from 3 TRPs.
Proposal 5: For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs is no more than 2.
6 Conclusion

In this contribution, we provide our consideration on the resource allocation for both multiple-PDCCH based PDSCH transmission and single-PDCCH based transmission. Potential enhancements for reliability enhancement for PDCCH is also presented. 

Proposal 1: Support that a UE can be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission. Alt 3 can be considered by further introducing constraints below:

1) Number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2 
2) Reference point A is the same for all TRPs

3) PRB bundling is aligned for its size and boundary among coordinated TRPs

4) SCS is the same for the PDSCHs from multiple TRPs
Proposal 2: For a UE expected to receive two PDCCHs from two TRPs, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave TRP.

Proposal 3: For single PDCCH case, only one field for resource allocation for multiple-TRP transmission within one PDSCH. Layers transmitted from TRPs are with identical resource allocation. A UE expects that all PDSCH layers are transmitted within identical BWP.
Proposal 4: Support that one DCI can be transmitted from multiple TRPs. 
Proposal 5: For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs is no more than 2.
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