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1 [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, a new work item of Enhancements on MIMO for NR was agreed [1]. The objectives of the WI focus on specifying the enhancements identified for NR MIMO, including:
· Extend specification support in the following areas [RAN1]
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
In this contribution, we will discuss downlink control signalling enhancement(s) for non-coherent joint transmission. 
2 Discussion on DL multi-TRP transmission
2.1 Discussion on PDCCH transmission
For non-coherent joint transmission, different layers are transmitted from different TRPs, and the separate layers could be scheduled either by single PDCCH or multiple PDCCHs. Detailed schemes are discussed below.
1) Single PDCCH schedules multiple layers of single PDSCH
a) PDCCH transmitted from only one TRP (serving cell)
b) PDCCH transmitted from multiple TRPs
2) Multiple PDCCHs each schedules one PDSCH
For scheme 1), there is only one PDCCH for NC-JT transmission, the scheduling information such as resource allocation, layer assignment and MCS indication should be coordinated among different TRPs. Since only one resource assignment information is defined in DCI in current specs, the PDSCH transmitted from different TRPs should be scheduled on the same resource. In addition, more than 2ms backhaul link delay is usually assumed for non-ideal backhaul links, this will affect the timeliness of scheduling, and some approach like pre-scheduling may be needed to reduce the impact of backhaul link delay.
For scheme 1a), PDCCH usually transmits from serving cell, and separate layers of PDSCH transmit from separate TRPs. Thus, different quasi co-location information should be applied to the separate layers transmit from different TRPs. However, for PDSCH reception in current specs, if the UE has received initial configuration of more than one TCI states by higher layer, a MAC CE activation command to map up to 8 TCI states, and a DCI field “Transmission Configuration Indication” to indicate one of the TCI states, the UE assumes that the DMRS antenna ports associated with PDSCH reception is quasi co-located with the one or more DL RS configured by the TCI state that indicated by the DCI. So, it’s necessary to specify separate TCI states for the separate layers transmitted form separate TRPs of single PDSCH.
For scheme 1b), if separate control resource sets of the single PDCCH are transmitted from separate TRPs, DMRS for different control resource sets carries different quasi co-location information. If the same control resource set is transmitted from multiple TRPs simultaneously especially in FR2, multiple reception beams each corresponding to one TCI state information are necessary for PDCCH detection. However, for PDCCH reception in current specs, if the UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH and a MAC CE activation command for one of the TCI states, the UE assumes that the DMRS antenna port associated with PDCCH reception is quasi co-located with one or more DL RS configured by the TCI state that activated by the MAC CE with respect to average gain, QCL-TypeA, and QCL-TypeD properties. Therefore, it’s necessary to activate more than one TCI state each quasi co-located with one TRP for PDCCH reception.
Proposal 1. It’s necessary to specify more than one TCI state for PDCCH and PDSCH if single PDCCH is supported for multi-TRP transmission.
For scheme 2), there are more than one PDCCH transmitted in one CC simultaneously, and PDSCH of different TRPs could be scheduled by different PDCCHs independently. This requires less coordination via backhaul and more suitable for non-ideal backhaul transmission. In this case, partial overlapping of resource allocation for same CW within one PDSCH may exist due to independent scheduling. Moreover, UE needs to detect more than one PDCCH in one CC, which requires more spec efforts such as new UE capability. 
Proposal 2. New UE capability should be further studied to support multiple PDCCH transmission.
 Discussion on DL-related UL transmission
For scheme 1), there is only one PUCCH resource indicator defined in DCI, so the ACK/NACK information for different PDSCHs should be multiplexed in one PUCCH. Moreover, in order to derive better performance of NC-JT, CSI calculation with different interference hypotheses is necessary, thus multiple periodic CSIs need to be multiplexed in one PUCCH or multiple aperiodic CSIs transmit in single PUSCH. 
For scheme 2), since PDCCH and the associated PDSCH are scheduled in independent manner, the PUCCH for ACK/NACK signalling or CSI feedback should also be transmitted independently. In this case, more than one PUCCH for ACK/NACK or CSI feedback may be configured to transmit in the same slot. Besides, partial overlapping of resource allocation may lead to different interference experience for the same transmit block within one PDSCH, and MCS of the transmit block is hard to determine, which needs further study.
Proposal 3. The corresponding enhancement of DL-related UL transmission should be considered.
3 Conclusions
In this contribution, downlink control signalling enhancement(s) for non-coherent joint transmission are discussed, and the following proposals are made. 
Proposal 1. It’s necessary to specify more than one TCI state information for PDCCH and PDSCH if single PDCCH is supported for multi-TRP transmission.
Proposal 2. New UE capability should be further studied to support multiple PDCCH transmission.
Proposal 3. The corresponding enhancement of DL-related UL transmission should be considered.
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