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1. Introduction

In the past RAN1 meetings, M-TRP/panel based URLLC enhancement was discussed and five diversity transmission schemes (Scheme 1a/2a/2b/3/4) were agreed with the following details:
Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
Agreement 

For M-TRP based URLLC, support both 2a and 2b 

· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 

· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

Agreement

For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· The maximal number of transmission layers per transmission occasion, down-select one from the following options:

· Option 1: up to single layer transmission 

· Option 2: up to two layers transmission 

· PDSCH repetition indication mechanism:

· Number of repetitions, down-select one from following options:

· Option 1: Dynamic indication

· Option 2: High-layer configured as Rel-15 

Agreement

For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· 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

· Resource allocation at frequency domain: 

· Same frequency domain resource allocation across repetitions as Rel-15 

· 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. 

· 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.

· RV sequences for PDSCH repetitions 

· Option 1: support Rel-15 RV sequences at least 

· FFS whether additional RV sequence(s), e.g {0,0,0,0}, {0,3,0,3},{0,3,2,1}, is needed, and whether/how a RV sequence applied to the UE is per TRP

· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec.

· How to map RVs in RV sequences and indicated TCI states to transmission occasions taking into account 

· whether the number of transmission occasions is dynamically indicated or higher layer configured.

· whether the selected RV sequence depends on the number of TCI state(s) indicated in the codepoint.  

· whether channel estimation interpolation across mini-slots/slot with the same TCI index

·  LDPC base graph and TBS shall be same across repetition. 

In this contribution, we discuss the control signaling design to support above enhancement for URLLC.
2. Discussion
For eMBB, DCI format 1-1 will be reused with enhancements on some fields (e.g. TCI, antenna port indication, etc) for single DCI based NC-JT transmission. We need further discussion on signaling design for the schemes agreed for multi-TRP based URLLC transmission. One option is to re-use the DCI format 1-1, while another option is to use the new DCI format agreed in eURLLC agenda for data scheduling. Considering one of the design principles of URLLC schemes is reusing the eMBB conclusion as much as possible, it is proposed to use the same DCI format for both eMBB and URLLC in multiple TRP transmission to simplify the specification effort.
· From the perspective of specification, the signalling needed for supporting the agreed schemes for URLLC is similar to that needed for NC-JT-based eMBB. The DCI signalling for indicating two TCI states and indicating DMRS port table for multiple TRP transmission is same to that for single DCI based NC-JT and diversity transmission. For scheme 1a, no additional specification effort is needed if the same DCI format is used. For scheme 2-4, the same DCI format as eMBB can also be reused without enhancement on any field with appropriate design.
· From the perspective of RAN1 scheduling, both Rel-16 MIMO and eURLLC WI are expected to be finished in November meeting. If the signalling design for the diversity schemes is finished in the last meeting, it is difficult for eURLLC WI to capture the MIMO conclusion in the signalling design for URLLC, for example, introducing new DCI field in the URLLC specific DCI format.
Proposal 1: The agreed diversity schemes to support URLLC for multi-TRP/panel transmission are scheduled by the same DCI format(s) as single DCI based NC-JT.
For scheme 2a/2b, it is FFS how to indicate the frequency resources for two diversity transmissions in the same slot. It is preferred that the same signaling design is used for scheme 2a/2b to simplify the specification effort. Typically, the PRBs for the first transmission can be indicated by DCI via current frequency resource allocation field in DL grant. DCI signaling or higher layer signaling can be further considered to indicate the resource or resource offset for the second transmission. Considering the reliability requirement on DCI for URLLC, the impact to DCI size should be minimized. Then it is not reasonable to directly introduce two frequency resource allocation fields in DL grant. To reuse the DCI format of NC-JT, a more straightforward way is to indicate the PRB offset between the two transmissions via RRC signaling unless there are evaluation results showing significant gain from dynamic signaling. 
For scheme 3/4, how to configure the repetition number and physical resource for each repetition is under discussion. To minimize the specification effort and simplify the transmission scheme, the signalling design in Rel-15 to support slot aggregation can be a starting point. Compared with slot aggregation in Rel-15, where the repetition number is configured by higher layer, no additional requirement is introduced for multiple TRP transmission. Then the repetition number of scheme 3 and 4 can also be configured by higher layer, e.g. reusing the Rel-15 parameter or introducing a new RRC parameter. For indication of time frequency resource of each repetition, the Rel-15 mechanism can also be reused, in which DCI signalling is used to indicate the resource of the first repetition, and all other repetitions occupy following consecutive symbols (scheme 3) or slots (scheme 4) with the same number of symbols for all repetitions. 

It is also proposed by some company to introduce a gap between repetitions from different TRPs for scheme 3 and 4. The gap can be used to change beams and timing for PDSCHs from different TRPs. However, it is concluded in Rel-15 that no gap is needed for Rx beam switching, e.g. for CSI-RS with repetition set to ON. Also, considering UEs scheduled with multiple TRP transmission are usually cell edge UE, the timing difference between UE and different TRPs would be very small. Gap between repetitions is not justified for scheme 3 and 4.
Proposal 2: Support the following control signaling design for the agreed diversity schemes:

· For scheme 1a, no specification impact is needed.
· For scheme 2a/2b, the impact to DCI signaling should be minimized and higher layer configured resource offset can be considered.
· For scheme 3/4, the number of repetitions is indicated via higher layer as in Rel-15.
· For scheme 3/4, the Rel-15 signaling is reused to indicate the physical resource for the first repetition, and the same number of symbols is used for other repetitions.
3. Conclusion

In this contribution, we discuss the control signaling design to support the agreed diversity schemes for multi-TRP/panel based URLLC with the following two proposals:
Proposal 1: The agreed diversity schemes to support URLLC for multi-TRP/panel transmission are scheduled by the same DCI format(s) as single DCI based NC-JT.

Proposal 2: Support the following control signaling design for the agreed diversity schemes:

· For scheme 1a, no specification impact is needed.
· For scheme 2a/2b, the impact to DCI signaling should be minimized and higher layer configured resource offset can be considered.
· For scheme 3/4, the number of repetitions is indicated via higher layer as in Rel-15.
· For scheme 3/4, the Rel-15 signaling is reused to indicate the physical resource for the first repetition, and the same number of symbols is used for other repetitions.
