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Introduction
From the e-mail discussions, the followings are clarified and to be down-selected for the RAN1#96bis meeting.
	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. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).
· 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 this contribution, we present simulation results to compare the performance gain of a multi-TRP based diversity scheme over a single-TRP based scheme. Also, we present simulation results to verify the impact on the performance of the multi-TRP based diversity scheme for the following aspects: 
1) Whether to support different RV patterns per TRP
2) Whether to support different MCSs per TRP
Simulation results for multi-TRP based diversity scheme
The following link-level simulations have been performed with 4 GHz carrier frequency and TDL-C channel model. We focus on the inter-slot TDM scheme for multi-TRP based diversity transmission. The channel from each cooperating TRP to a UE faces an independent fading with the configured path loss gap. Each of the cooperating TRPs is allocated the same PRBs and a non-overlapped time slot with the same number of symbols. Single-layer transmission based on independent CSI feedback per TRP with ideal backhaul and ideal channel measurement is assumed for all the cooperating TRPs.
More detailed evaluation assumptions are provided in Appendix.
1.1 Multi- vs. single-TRP based diversity scheme
[bookmark: _Ref528831525]In this section, BLER performance is provided for multi- and single-TRP based diversity schemes. For the multi-TRP based scheme, we consider two TRPs with path loss gap of 0 dB. For the single-TRP based scheme, PDSCH slot aggregation in Rel-15 NR is considered with two repetitions. RVs of 0 and 2 are applied on the first and second repetitions, respectively, for the both schemes. QPSK modulation with code rate ≈ 0.445 is used. The BLER is evaluated for 2PRB and 10PRB allocation scenarios.
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 (a) 2 PRBs					     (b) 10 PRBs
Figure 1. BLER comparison for multi- and single-TRP based diversity scheme
Figure 1 shows that the multi-TRP based diversity scheme can achieve substantial BLER performance gain over the single-TRP based diversity scheme. When the target BLER is set to 10-3, which is one of the reliability requirements for Rel-16 eURLLC use case [1], the SNR gain of the multi-TRP based diversity scheme over the single-TRP based one is 3.4 dB and 2.6 dB for 2 PRBs and 10 PRBs allocations, respectively. As evident from Figure 1, when the target BLER decreases to 10-4, such SNR gain increases to 4.4 dB and 2.8 dB for 2 PRBs and 10 PRBs allocations, respectively. It indicates that the multi-TRP diversity scheme becomes more effective as the BLER requirement gets tighter.
Observation 1: Multi-TRP based diversity scheme provides substantial SNR gain over single-TRP based repetition scheme, especially for tight BLER requirement.
1.2 Same vs. different RV for each TRP
In this section, BLER performance is provided for the multi-TRP based diversity scheme with different RV patterns. We consider two TRPs with path loss gap of 0 dB. Let RV1 and RV2 denote the RVs applied to the first and second TRPs, respectively. Two RV patterns are considered: {RV1, RV2} = {0, 0} and {RV1, RV2} = {0, 2}. QPSK modulation with code rate ≈ 0.445 is used. The BLER is evaluated for 2PRB and 10PRB allocation scenarios.
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(a) 2 PRBs					     (b) 10 PRBs
Figure 2. BLER comparison for different RV patterns
Figure 2 shows that BLER performance gain is achieved by using different RV for each TRP, compared to the case of the same RV for each TRP. Such gain comes from the fact that combining different parts of coded bits at the receiver is advantageous over the case of combining the same parts. As evident from Figure 2, the gain by using different RV for each TRP is similar, say 0.7 – 0.8 dB, for different number of allocated PRBs and the number of Tx-Rx antennas.
Observation 2: Using different RV for each TRP can achieve <1 dB SNR gain than using the same RV.

1.3 Same vs. different MCS for each TRP
In this section, throughput performance is provided for the multi-TRP based diversity scheme with two TRPs. MCS of each TRP and the transmit block (TB) size are determined adaptively as follows. First, the MCS of each TRP is determined based on one of the following rules:
· Same MCS for all TRPs: among the two TRPs, one TRP is selected and the MCSs of the two TRPs are determined based on the CQI report for the selected TRP only.
· Different MCS per TRP: MCSs of the two TRPs are determined independently based on their respective CQI reports.
Then, the candidate TB size according to the MCS and the number of allocated PRBs is determined. If two TRPs have different MCSs, say (MCS1, MCS2), there will be two different TB size candidates corresponding to the respective MCSs, say (TBS1, TBS2). As diversity transmission is considered, the TBs transmitted by the two TRPs need to be the same so that the TB size of the TRPs is fixed to one value among (TBS1, TBS2). It is assumed that the UE knows which TB size is selected among (TBS1, TBS2) and performs the corresponding decoding procedure.
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(a) path loss gap = 0 dB			        (b) path loss gap = 6 dB
Figure 3. Throughput comparison for the same/different MCS per TRP
[bookmark: _Ref446598642]Figure 3 shows the throughput performance for the same/different MCS setting per TRP with different target BLER, 10-1 and 10-6, and different path loss gap between the two TRPs. The number of PRBs is set to 10 and RVs of 0 and 2 are used for the first and the second TRPs, respectively. As evident from Figure 3, the throughput performance gain by enabling different MCS per TRP is marginal, even for large path loss gap of 6 dB between TRPs. Especially, for target BLER of 10-6, such gain becomes negligible.
In our view, the objective of enabling different MCS per TRP seems not clear because of the following reasons:
· In throughput perspective, the gain in multi-TRP based URLLC is marginal because the TB size transmitted from each TRP should be the same regardless of the MCS gap between TRPs, as explained above.
· In reliability perspective, different MCS per TRP can be effective for the case that the channel gains from TRPs have large gaps. However, such case would be the corner case for multi-TRP based URLLC in which similar level of average channel gains is desired for TRPs to reap the maximum diversity gain. Moreover, as shown in Figure 3, the same/different MCS setting achieves the same target BLER of 10-6 with negligible throughput difference even with large path loss gap of 6 dB between the TRPs.
Observation 3: Potential throughput gain and reliability gain by enabling different MCS per TRP are not clear in multi-TRP based URLLC.

Conclusions
In this contribution, we present simulation results to compare the performance of single- and multi-TRP based diversity schemes. We also present the results to study the impact of RV pattern and MCS selection of TRPs on the performance of multi-TRP based diversity scheme. The following observations are drawn from the above results:
Observation 1: Multi-TRP based diversity scheme provides substantial SNR gain over single-TRP based repetition scheme, especially for tight BLER requirement.
Observation 2: Using different RV for each TRP can achieve <1 dB SNR gain than using the same RV.
Observation 3: Potential throughput gain and reliability gain by enabling different MCS per TRP are not clear in multi-TRP based URLLC.
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Appendix
[bookmark: _Ref528831614][bookmark: _GoBack]Table 1. Evaluation assumptions for the evaluation results
	Parameters
	Values

	Carrier frequency / SCS
	4GHz / 15kHz

	Bandwidth
	10MHz

	Channel model
	TDL-C with DS = 100ns

	UE speed
	3km/h

	gNB / UE antenna configuration
	2 Tx ports / 4 Rx ports

	DMRS symbols
	1 symbol, no FDM with data

	DMRS channel estimation
	Ideal

	CSI measurement
	Ideal

	CSI reporting
	PMI and CQI reporting with 4 slot periodicity

	MCS table
	MCS table 3
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