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1. Introduction

In this contribution, we discuss some enhancements on multi-TRP/panel transmission. In RAN1 meetings for NR Rel-15, multiple TRP transmission has been discussed for a while. However, due to limited time unit, multiple TRP transmission was down-prioritized and not specified in NR Rel-15. Starting from RAN1 #94bis, discussion on multiple TRP transmission are restarted, and in RAN1 #95 and RAN1 #AH_1901 [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 PDCCH via different beams during a PDCCH monitoring occasion. In other words, multiple (more than one) TRPs would transmit respective PDCCHs to a UE for data scheduling. For example, two TRP may schedule a UE at the same time, and each  of them transmits a PDCCH or DCI. Hence, how to enable that based on existing NR structure is needed to consider. 
Observation 1: There may be some modifications on current PDCCH configuration needed to support multiple PDCCH transmission. 
Since UE may receive different PDCCHs from different TRPs, these different PDCCHs are possibly transmitted by different transmission beams. This issue was discussed in offline in Taipei meeting, but no consensus is found. It is recommended to keep discussing it in this meeting. Based on current CORESET configuration and TCI state structure, some alternatives for modifications can be considered. 
Alt. 1: one CORESET is activated more than one TCI state.

Using this alternative, UE is indicated a CORESET is received with more than one TCI state. Different TCI state is implicitly associated with different TRPs. And different TCI state provides different spatial QCL assumption. If network would like to schedule a UE with more than one PDCCH , network may schedule the UE through the CORESET with more than one TCI state activated. This alternative may need to modify current MAC-CE activation for activating TCI state of PDCCH as shown in [3]. 
Alt. 2: one CORESET is activated one TCI state, and the activated TCI state is associated with more than one RS sets. 

This alternative may not have an impact on current CORESET configuration structure. Similar to NR Rel-15, UE is configured with one CORESET comprising just one activated TCI state. The difference is that  some of TCI states configured to the UE are associated with more than one RS sets, which is related to what was agreed in previous meetings about TCI state. Each RS set associated with the same TCI state should comprise a spatial QCL assumption, which is different from that of other RS set. If network would like to schedule a UE with more than one PDCCHs, network may schedule the UE through a CORESET with such a TCI state activated. It can be previsioned that RRC configuration for TCI state [4] should be modified and more TCI state numbers may be introduced. 
Alt. 3: more than one CORESET/PDCCH configuration is configured to UE. 
If network would like to schedule a UE with more than one PDCCH , network may preconfigure more than one CORESET/PDCCH configuration to the UE. It implicitly indicate that two CORESET coming from different CORESET/PDCCH configurations may be transmitted by different TRP. This alternative requires no modifications on structure of MAC-CE and CORESET configuration, but more CORSET configuration may be indicated to a UE within a DL BWP. 
Alt. 4: different CORESET in a PDCCH configuration may correspond to different TRP. 
Under this alternative, similar to NR Rel-15, UE is configured with one CORESET comprising just one activated TCI state. However, within the same PDCCH configuration, some CORESETs may correspond to one TRP and other CORESETs may correspond to the other TRP. From MAC-CE point of view, there may not no further modification. But it can be provisioned that total allowed configured number of CORESET in a BWP should be increased. 
It is recommended that RAN1 to study and down-select above alternatives for enabling multiple PDCCH transmission. From our perspective, alternative 1 is simple and intuitive. Furthermore, modification loading due to alternative is low compared with other alternatives. 

Proposal 1: RAN1 to down-select the following alternatives for enabling multiple PDCCH transmission: 
· Alt. 1: one CORESET is activated more than one TCI state, 

· Alt. 2: one CORESET is activated one TCI state, and the activated TCI state is associated with more than one RS sets, 

· Alt. 3: more than one CORESET/PDCCH configuration is configured to UE, 
· Alt. 4: different CORESET in a PDCCH configuration may correspond to 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 due to power saving. This situation may be present in NR Rel-16 with more chances. Hence, it is not suitable network keeps performing DL transmission using multiple TRP 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 TRP. 
Proposal 2: UE panel status is considered when scheduling a DL transmission via multiple TRP. 
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 “turn off” multiple TRP transmission. The accompanied benefit is that addition network-UE signalling overhead can be reduced and UE power consumption for PDCCH monitoring can be saved. 
Proposal 3: 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. 
Observation 1: There may be some modifications on current PDCCH configuration needed to support multiple PDCCH transmission. 

Proposal 1: RAN1 to down-select the following alternatives for enabling multiple PDCCH transmission: 

· Alt. 1: one CORESET is activated more than one TCI state, 

· Alt. 2: one CORESET is activated one TCI state, and the activated TCI state is associated with more than one RS sets, 

· Alt. 3: more than one CORESET/PDCCH configuration is configured to UE, 

· Alt. 4: different CORESET in a PDCCH configuration may correspond to different TRP. 
Proposal 2: UE panel status is considered when scheduling a DL transmission via multiple TRP.
Proposal 3: RAN1 to support a mechanism to switch single TRP transmission and multiple TRP transmission in NR Rel-16. 
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