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1. Introduction

In this contribution, we discuss some enhancements on multi-TRP/panel transmission. In RAN1 meetings at earlier NR Rel-15 stage, multiple-TRP transmission has been discussed for a while. However, due to limited time units, multiple-TRP transmission was down-prioritized and not specified in NR Rel-15. Starting from RAN1 #94bis, discussions on multiple-TRP transmission are restarted, and in previous meetings [1][2], we have the following agreements to indicate more clear direction on this topic, at least for eMBB. 
	RAN1 #95

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

· […] 
RAN1 #AH_1901
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 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


2. Discussion
2.1 Multiple PDCCH transmission
In RAN1 #95, we agree to support multiple PDCCH transmission and single PDCCH transmission for eMBB in NR Rel-16. Regarding multiple PDCCH transmission,  it may happen that UE receives more than one PDCCHs via different beams during a PDCCH monitoring occasion. In other words, multiple (more than one) TRPs possibly transmit respective PDCCHs to a UE for data scheduling during a PDCCH monitoring occasion. Hence, in RAN1 #96 [3], we have the following agreement to enable this feature. 

	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.
Include in LS to RAN2


In Rel-15, before UE decodes a DCI successfully, UE would buffer PDSCH first by using a default beam, which is the TCI state applied for the CORESET with lowest CORESET ID monitored in the latest slot. However, considering current CORESET/PDCCH structure for enabling multiple-PDCCH based multiple-TRP transmission, it may not be appropriate to just follow the legacy default beam determination. For following discussion, assume UE is served by TRP A and TRP B. Since the CORESET with lowest CORESET ID monitored in the latest slot is transmitted by one of serving TRPs (say TRP A), it is no way for UE to buffer potential PDSCH from TRP B if using legacy default beam determination. 
In order to address this issue, at least two parts are observed as being needed. One is that an explicit or implicit TRP identifier is necessary to exist in CORESET configuration. Such a TRP identifier can assist UE to recognize which TRP the CORESET belongs to. With this identifier providing TRP differentiation, some modifications can be followed to be made for legacy behaviour. 
Since there may be multiple TRPs scheduling PDSCH to a UE at the same time, it is reasonable for UE to choose two CORESETs, where UE derives corresponding activated TCI state for default beam determination. Each of chosen CORESET should correspond to different TRP. According to above analysis and discussion, we have the following proposals. 
Proposal 1: In NR Rel-16, support an explicit or implicit TRP identifier associated with a CORESET. 
Proposal 2: In NR Rel-16, if scheduling delay is below the threshold, more than one default beam is determined to receive PDSCH. 
· Determined default beams correspond respectively to receiving beam for CORESETs associated with different TRP. 

2.2 Reception for DL transmission 
Regarding multiple-TRP transmission for PDCCH or PDSCH, it is highly possible that UE performs reception via more than one UE panel. However, it may occur that one or some of UE panels is not functioning for the sake of power saving. This situation may exist in NR Rel-16 with more chances. Hence, it is not suitable under this situation that network keeps performing DL transmission using multiple TRPs or multiple beams. In this way, UE may not be able to receive some PDCCH or PDSCH, which causes latency and efficiency issue. It is proposed that UE panel status is considered when scheduling a DL transmission via multiple TRPs. 
Proposal 3: UE panel status is considered when scheduling DL transmission(s) via multiple TRPs. 
It is possible that multiple TRP transmission is not always needed due to UE panel status or traffic loading. Hence, NR Rel-16 should support a mechanism for network to indicate multiple-TRP transmission is “turn offed”. The accompanied benefit is that additional network-UE signalling overhead can be reduced and UE power consumption for PDCCH monitoring can be saved. 
Proposal 4: RAN1 to support a mechanism to switch single-TRP transmission and multiple-TRP transmission in NR Rel-16. 
3. Conclusion

According to the discussion mentioned above, we have the following proposals. 
Proposal 1: In NR Rel-16, support an explicit or implicit TRP identifier associated with a CORESET. 
Proposal 2: In NR Rel-16, if scheduling delay is below the threshold, more than one default beam is determined to receive PDSCH. 
· Determined default beams correspond respectively to receiving beam for CORESETs associated with different TRP. 

Proposal 3: UE panel status is considered when scheduling DL transmission(s) via multiple TRPs. 
Proposal 4: RAN1 to support a mechanism to switch single-TRP transmission and multiple-TRP transmission in NR Rel-16. 
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