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1 Introduction
In [96-NR-09], possible schemes for multi-TRP transmission for URLLC were discussed and conclusion is as the following.
	To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
  Scheme 1a:  
         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
  Scheme 1b: 
         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
         Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
         FFS: codeword-to-layer mapping when total number of layers <= 4
  Scheme 1c: 
         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
  Applying different MCS/modulation orders for different layers or layer sets can be discussed.
         Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
  Each non-overlapped frequency resource allocation is associated with one TCI state.
  Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
  Scheme 2a: 
         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
  Scheme 2b: 
         Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
  Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
  Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed


In RAN1 #96bis, agreements regarding supported schemes for multi-TRP transmission for URLLC were made as the following.
	Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
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)


For URLLC transmission, power control is critical for ensuring the reliability of the UL transmission. Since for multi-TRP UL transmission, different transmission occasions of the same TB are targeted for different TRPs, the current power control mechanism needs to be enhanced. In this contribution, we discuss possible enhancements to the power control mechanism.
2 Discussion
2.1 Power control parameters
For P0, alpha, pathloss reference and PUSCH power control adjustment state, it is supported in Rel-15 to associate the parameters with a specific beam, which can be used for supporting multi-TRP.
For P0 and alpha, 30 sets of values are supported per serving cell. For pathloss reference, 4 RS are supported per serving cell, which may be enough if number of TRP is no more than 4. 
For PUSCH power control adjustment state, up to 2 states are supported per serving cell in Rel-15. In multi-TRP scenario, different TRPs may experience different interference and blocking conditions. Therefore, different PUSCH power control adjustment states may be required for different TRPs. Furthermore, when multiple UE panels are used, for example, to support scheme 1a, different TRP-UE panel pair may experience different interference and blocking conditions. Since the number of TRP or TRP-UE panel pair can be larger than 2, we think extension of the number of PUSCH power control adjustment state should be further studied.
Proposal 1: FFS the number of PUSCH power control adjustment states for multi-TRP UL transmission.

2.2 TPC command
For multi-TRP transmission, the transmission occasions of the same TB may corresponds to different PUSCH power control adjustment states. Therefore, two options can be considered for indicating the TPC command for multi-TRP transmission.
Option 1 is to indicate adjustment of only one PUSCH power control adjustment state in the scheduling DCI. This option can have less spec impact for the single DCI based multi-TRP transmission for URLLC. However, since only one PUSCH power control adjustment state can be adjusted at a time, the transmission power may not be up to date. On the other hand, for multiple DCI based multi-TRP transmission, option 1 can be used such that each DCI indicates the adjustment of the PUSCH power control adjustment state of the corresponding PUSCH.
Option 2 is to indicate adjustment of more than one PUSCH power control adjustment states in the scheduling DCI. For single DCI based multi-TRP transmission for URLLC, this option can adjust the transmission power towards multiple TRPs more quickly. The adjustment of multiple PUSCH power control adjustment states can be done by indicating a sequence of power adjustment values. The sequence can be specified in the spec or configured by RRC signaling, and the PUSCH power control adjustment state corresponding to each value in the sequence can be implicitly determined by the order of the PUSCH transmission occasions.
Since for Rel-16 URLLC, the DCI content and DCI size are still under discussion, we think it is good to study the benefit of option 2 and take this into account when designing the DCI if it is found beneficial.
Proposal 2: Adjusting more than one PUSCH power control adjustment states for a multi-TRP UL transmission for URLLC should be considered.

2.3 PHR triggering
The triggering condition of PHR in TS 38.321 includes the following clause:
A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
NOTE 1:	The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between.
… 

The path loss variation may be based on different pathloss references according to current spec. In multi-TRP scenario, it is likely that the UE may experience different path loss from different TRPs. Therefore, the condition for path loss variation should be based on the pathloss references of the same TRP, so that PHR may not be unnecessarily triggered.
To do so, the pathloss references can be divided into groups based on the associated TRP. And when UE determines whether PHR is triggered, the current path loss value is compared with the path loss value of the path loss reference in the same path loss reference group measured for the last reported PHR.
Proposal 3: Path loss variation in the PHR triggering condition should be based on the pathloss references of the same TRP.

2.4 PHR transmission
For single DCI based multi-TRP transmission of a TB, since there are multiple transmission occasions each corresponds to different power control parameters, the power headroom may be different. Therefore, which PHR should be included in the TB should be decided. There are mainly two options to resolve this issue.
[bookmark: _GoBack]Option 1 is to include only one PHR in the TB. For example, the content of the PHR is for the transmission occasion corresponding to the PHR triggering pathloss reference. This option can avoid the need for a new PHR format.
Option 2 is to include all PHRs for each transmission occasions. The benefit of this option is that gNB can have the latest status of the power headroom corresponding to all the transmission occasions. However, to include all the PHRs may result in large overhead. In addition, a new PHR format needs to be specified.
Proposal 4: For multi-TRP UL transmission for URLLC, PHR corresponding to the PHR triggering pathloss reference should be included in the TB, if triggered.


3 Conclusions
Based on the discussion, we have the following proposals.
Proposal 1: FFS the number of PUSCH power control adjustment states for multi-TRP UL transmission.
Proposal 2: Adjusting more than one PUSCH power control adjustment states for a multi-TRP UL transmission for URLLC should be considered.
Proposal 3: Path loss variation in the PHR triggering condition should be based on the pathloss references of the same TRP.
Proposal 4: For multi-TRP UL transmission for URLLC, PHR corresponding to the PHR triggering pathloss reference should be included in the TB, if triggered.
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