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Introduction
In previous meetings [1-3] and the email discussion [97-NR-09], the following agreements related to multi-TRP/panel transmission were achieved.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]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, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· [bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]The number of active BWPs for a UE is 1 per CC 
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]FFS: PDSCH mapping type from two co-scheduled PDSCHs
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK30][bookmark: OLE_LINK31]FFS: Alignment of PRG-level grid from multiple TRPs
· [bookmark: OLE_LINK17]FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Agreement
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65]For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis
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 single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· [bookmark: OLE_LINK105]Resource allocation in time domain:
· FFS for further details of the signaling, e.g. starting from the signaling mechanism of slot aggregation in Rel-15
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be indicated for each repetition
· FFS: whether/how to handle the time domain resource allocation considering  slot boundary or DL/UL switch in a slot
· For the number of TCI states across PDSCH repetitions, down-select one from following options: 
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: New field in DCI (or reuse one or more existing fields in DCI) for indication.
· [bookmark: OLE_LINK106]For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. One codepoint in joint field is to indicate up to 4 TCI states and corresponding RV sequences.

[bookmark: OLE_LINK24]Based on these agreements, we would like to share our views on PDSCH transmission for eMBB with multi-PDCCH and reliability/robustness enhancement for URLLC.
Multi-PDCCH based transmission
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]BWP restrictions for eMBB with multi-PDCCH
In RAN1 #96 meeting, it was agreed that a UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with some restrictions. The restrictions include DMRS configuration, BWP restriction, PDSCH mapping type, etc. Among them, restriction on DMRS configuration can be achieved by higher layer signaling with result of information exchange among multiple TRPs. Restriction on PDSCH mapping type can be pre-defined or pre-determined by the specification. While for BWP restriction, how to ensure the same active BWP between multiple TRPs is still FFS.
Some options can be considered to ensure the restriction on BWP switching.
Option 1: Dynamic BWP switching is not allowed for multi-TRP/panel transmission. In this case, multiple TRPs always work on the same configured BWP even if multiple PDCCHs are received simultaneously. Accordingly, the number of BWPs configured by RRC signaling is limited to 1, and bitwidth for the field ‘Bandwidth part indicator’ in DCI signaling is zero.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55]Option 2: Dynamic BWP switching is allowed for multi-TRP/panel transmission, however, there is restriction on TRP side. For example, multiple TRPs can coordinate active BWP pattern of a time duration in advance and make sure that the same active BWP is indicated in multiple simultaneous DCIs. 
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK50][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Option 3: Dynamic BWP switching is allowed for multi-TRP/panel transmission and there is no restriction on TRP side, however, restriction on UE side is needed. It means that the number of configured BWPs can be larger than 1 and multiple TRPs can send their BWP switching commands independently, but UE behaviour or UE understanding on the received BWP commands is restricted. For example, a UE may always follow BWP command in DCI transmitted in specific CORESETs (i.e., a specific TRP) and think other DCIs indicate the same active BWP as it.
[bookmark: OLE_LINK104][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK34][bookmark: OLE_LINK74][bookmark: OLE_LINK75]In option 1 and option 2, scheduling flexibility of the TRP is restricted. Especially option 2, dynamic BWP switching essentially falls back to semi-static BWP switching. Therefore, we slight prefer the third option.
Proposal 1: The following option for BWP switching of multiple TRPs can be considered to ensure the same active BWP between multiple TRPs:
· [bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK51][bookmark: OLE_LINK52]A UE always follows BWP switching command in DCI transmitted in specific CORESETs.
Rate matching mechanisms
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK66][bookmark: OLE_LINK67]For multiple-PDCCH based multi-TRP transmission, multiple PDSCHs may be scheduled by multiple TRPs independently. At the same time, rate matching of PDSCHs are also performed by multiple TRPs respectively. Therefore, signals triggered by DCI signaling of one TRP might be unknown to rate matching of other TRPs. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK73][bookmark: OLE_LINK59][bookmark: OLE_LINK45]Figure 1 shows rate matching of PDSCH with aperiodic ZP CSI-RS as an example. In one slot, TRP1 triggers aperiodic ZP CSI-RS. Due to non-ideal backhaul, TRP2 cannot be aware of aperiodic ZP CSI-RS of TRP1 and may transmit PDSCH in the REs indicated by ZP CSI-RS of TRP1. In this case, UE assumption on these REs shall be different from Rel-15 specification. A Rel-15 UE will assume that these REs are not used for PDSCH transmission. However, UE1 in Figure 1 shall assume that these REs can also be used for PDSCH transmission by TRP2, otherwise there might be something wrong on the decoding of PDSCH. Dynamic indication of rate match pattern and aperiodic NZP CSI-RS have similar issue as aperiodic ZP CSI-RS. In order to make sure that TRPs and UE have same understanding on rate matching of PDSCH, we have the following proposal,
[bookmark: OLE_LINK78][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK76][bookmark: OLE_LINK95][bookmark: OLE_LINK40]Proposal 2: Rate matching behaviour of PDSCH should be clarified in multi-TRP transmission,
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]For the following signals, PDSCH is rate matched around them if they are indicated by the scheduling DCI of the PDSCH, and PDSCH is not rate matched around them if they are indicated by other DCIs.
· [bookmark: OLE_LINK77][bookmark: OLE_LINK25]Aperiodic ZP CSI-RS, 
· Aperiodic NZP CSI-RS
· Dynamic rate match pattern 
[image: ]
[bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK247][bookmark: OLE_LINK70]Figure 1. Rate matching of PDSCH for aperiodic ZP CSI-RS

[image: ]
Figure 2. Rate matching of PDSCH for aperiodic NZP CSI-RS

For aperiodic NZP CSI-RS, interference issue should also be considered. Figure 2 shows rate matching of PDSCH for aperiodic NZP CSI-RS. Similarly, due to non-ideal backhaul, TRP2 cannot be aware of aperiodic NZP CSI-RS of TRP1 and may transmit PDSCH or other signals/channels in the REs occupied by NZP CSI-RS of TRP1. In this case, PDSCH transmitted by TRP2 can be seen as interference to NZP CSI-RS, and measurement accuracy of NZP CSI-RS will be reduced. Different from PDSCH, there is no error correction mechanism for aperiodic NZP CSI-RS, and interference level is not negligible. Therefore, we propose that,
[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK39]Proposal 3: To alleviate interference to aperiodic NZP CSI-RS, the following enhancements are needed,
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Aperiodic NZP CSI-RS transmission at the TRP side
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Aperiodic NZP CSI-RS detection at the UE side
Reliability/Robustness enhancement for URLLC
In RAN1 #97 meeting and the email discussion [97-NR-09], some details of scheme 3 and 4 were discussed and some agreements were achieved. However, there are still some issues should be further studied, for example, resource allocation in time domain, TCI states across PDSCH repetitions, etc.
With regard to resource allocation in time domain for scheme 3, similar issues are being studied by eURLLC WI. Since multiple PDSCH repetitions are scheduled by single DCI, and coordination among multiple TRPs are possible, there is no big difference between PDSCH repetition of multiple TRPs and PUSCH repetition. Therefore, we can wait for the discussion of PUSCH repetition in eURLLC WI and reuse corresponding time domain resource allocation method. 
As for TCI states, it has been agreed that each TCI code point in a DCI can correspond to 1 or 2 TCI states. It means that at most 2 TCI states are supported for multiple TRPs simultaneously. In scheme 3 & 4, both space diversity and time diversity can be achieved, and 2 TCI states are enough. Besides, if more than two TCI states are used (e.g., 4), TCI framework should be modified which introduces additional standardization efforts. Therefore, in our opinion, up to 2 TCI states across PDSCH repetitions are preferred.
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 4: In scheme 3&4 for URLLC, up to 2 TCI states across PDSCH repetitions are preferred.
Conclusion
In this contribution, multi-PDCCH related issues and scheme 3 & 4 for URLLC are discussed. Based on the discussion, we have the following proposals:
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 1: The following option for BWP switching of multiple TRPs can be considered to ensure the same active BWP between multiple TRPs:
· A UE always follows BWP switching command in DCI transmitted in specific CORESETs.
Proposal 2: Rate matching behaviour of PDSCH should be clarified in multi-TRP transmission,
· For the following signals, PDSCH is rate matched around them if they are indicated by the scheduling DCI of the PDSCH, and PDSCH is not rate matched around them if they are indicated by other DCIs.
· Aperiodic ZP CSI-RS, 
· Aperiodic NZP CSI-RS
· Dynamic rate match pattern 
Proposal 3: To alleviate interference to aperiodic NZP CSI-RS, the following enhancements are needed,
· Aperiodic NZP CSI-RS transmission at the TRP side
· Aperiodic NZP CSI-RS detection at the UE side
Proposal 4: In scheme 3&4 for URLLC, up to 2 TCI states across PDSCH repetitions are preferred.
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