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Introduction
RAN #81 meeting agreed to revise WID for Rel-16 NR MIMO [1] to update objectives of enhancements on multi-TRP/Panel transmission are as following:
· 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
· Multi-TRP techniques for URLLC requirements are included in this WI
In this contribution, we discuss issues on Multi-TRP techniques for URLLC requirements.
[bookmark: OLE_LINK1]Discussions
At RAN1#95, the following agreement was made for multi-TRP/panel/beam for URLLC [2].
	Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case


After that, RAN1#97 made some agreement [3] on PDSCH transmission for multi-TRP based URLLC scheduled by single DCI followed by e-mail discussion [97-NR-09], targeting reliability/robustness enhancement compared to the baseline scheme of Rel-15, namely time domain repetition from single TRP. 
	[bookmark: _Hlk7084621]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 [97-NR-09]
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. 




So, considering the schemes supported for PDSCH with multi-TRP, as long as additional standardization effort is marginal, similar scheme reusing the framework is worth to discuss for PUSCH repetition with multi-TRP/panel/beam. For example, targeting URLLC reliability/robustness enhancement for PUSCH, when gNB is configured with multiple TRPs, schemes 3, 4 for PDSCH as simple TDM based approach can be applied with relatively small specification impact. To this end, further discussion needed on signaling support for gNB multi-TRP based PUSCH repetition.
1) Discussion continues for PUSCH enhancement under the WI “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication(URLLC)”, to support enhancements for both grant-based PUSCH and configured grant based PUSCH in Rel-16, that enables one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. So, corresponding agreements in its work item phase should be applied for gNB multi-TRP based PUSCH repetition.
2) Some more relating aspects are being discussed under another agenda i.e. Enhancements on Multi-beam Operation including configuration/indication for panel-specific UL transmission or updating path loss reference RSs for power control. Those outcomes should be reflected as well, even though design focus there would be higher spectral efficiency in single slot. Potentially further enhancement envisioned using predefined/semi-static manner for multi-slot e.g. SRI cycling.
Taking those aspects into account, we would like to propose followings.
Proposal:
· Support PUSCH repetition for URLLC reliability/robustness enhancement with multiple TRPs
· Framework of schemes 3, 4 for PDSCH with multi-TRP would be starting point;
· Outcome of discussion for PUSCH repetition should be reflected to gNB multi-TRP based PUSCH repetition; and
· Outcome of discussion for configuration/indication for panel-specific UL transmission or updating pathloss reference RSs for power control should be reflected to gNB multi-TRP based PUSCH repetition.

Conclusion
We would like to propose followings.
Proposal:
· Support PUSCH repetition for URLLC reliability/robustness enhancement with multiple TRPs
· Framework of schemes 3, 4 for PDSCH with multi-TRP would be starting point;
· Outcome of discussion for PUSCH repetition should be reflected to gNB multi-TRP based PUSCH repetition; and
· Outcome of discussion for configuration/indication for panel-specific UL transmission or updating pathloss reference RSs for power control should be reflected to gNB multi-TRP based PUSCH repetition.
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