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Introduction
Based on the approved WID [1], multi-TRP techniques for URLLC requirement should be discussed in MIMO session. To justify the efficient transmission schemes based on simulation results, evaluation assumptions should be consistent among companies. In RAN1#94b meeting, many simulation assumptions for multi-TRP for eMBB were agreed. And a guidance for URLLC requirement is also agreed as follows [2]
Agreement:
· For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item

In order 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 via email discussion as follows:
· 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
Based on the agreement for URLLC, we provide our simulation assumptions and corresponding simulation results on multi-TRP transmission schemes for PDSCH reliability enhancement. The main motivation is to compare the performance of potential transmission schemes for URLLC. In addition, we provide our views for PDCCH, PUCCH and PUSCH reliability enhancements.

Discussion
Simulation results for PDSCH reliability enhancements
Scheme 1a vs. Scheme 1b
For SDM, scheme 1a is the same as single PDCCH design for eMBB with low code rate. In scheme 1b, two complete TBs with same or different RVs are transmitted by two TRPs. In this case, UE can get combining gain at the receiver side. Both scheme 1a and 1b are based on orthogonal DMRS ports from multi-TRP with at least two TCI states. In order to verify the performance of these two schemes, we provide our LLS results in Figure 2.1-1 and Figure2.1-2 for QPSK with code rate = 1/5 for scheme 1b and 1/10 for scheme 1a. For scheme 1a, single RV=0 is used. For scheme 1b, two RVs = 0 and 2 are used. In the blockage case, the transmission of second TRP is completely blocked. More simulation assumptions can be found in section 3.
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(a) QPSK
Figure 2.1-1 BLER comparison of Scheme 1a and Scheme 1b (no blockage)
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(a) QPSK
Figure 2.1-2 BLER comparison of Scheme 1a and Scheme 1b (blockage)
Observation 1: Similar performance is observed for scheme 1a and 1b.

Scheme 2a vs. Scheme 2b
For FDM, two TCI states correspond to two non-overlapping frequency resource parts within single slot. Since there is no any inter-TRP interference based on FDM repetition, the performance can be significantly increased. For scheme 2a, low code rate is achieved. For scheme 2b, UE can get combining gain at the receiver side. In order to verify the performance of these two schemes, we provide our LLS results in Figure 2.1-3 and Figure 2.1-4 for QPSK and 16QAM with code rate = 1/5 for scheme 2b and 1/10 for scheme 2a. For scheme 2a, single RV=0 is used. For scheme 2b, two RVs = 0 and 2 are used. In the blockage case, the transmission of second TRP is completely blocked. For each TRP, four PRBs are allocated. More simulation assumptions can be found in section 3.
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(a) QPSK                                  (b) 16QAM
Figure 2.1-3 BLER comparison of Scheme 2a and Scheme 2b (no blockage)
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(a) QPSK                                    (b) 16QAM
Figure 2.1-4 BLER comparison of Scheme 2a and Scheme 2b (blockage)
Observation 2: Similar performance is observed for scheme 2a and 2b.

Single layer vs. Multiple layer per TRP
In Rel-15, only rank 1 PDSCH transmission is allowed for multi-slot scheduling because only small packet sizes of URLLC traffic was considered. However, many kinds of scenarios are considered in Rel-16, such as Factory automation, AR/VR, Transport Industry. The maximum packet size is over thousands of bytes. To make transmission more efficient, the rank restriction should be released. Furthermore, cross polarization is the most typical antenna structure in the real deployment, more than rank 1 transmission is more suitable.
Here we provide the some simulation results to justify the benefit of more rank transmission per TRP. In the simulation, we compare ran 1 per TRP transmission with rank 2 per TRP transmission for SDM scheme 1a (Figure 2.1-5). More simulation assumptions can be found in section 3. As we can see, rank 2 per TRP can obviously introduce higher reliability because of lower code rate.
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    (a) QPSK, code rate = 0.2 and 0.1 respectively         (b) 16QAM, code rate = 0.2 and 0.1 respectively
Figure 2.1-5 BLER comparison of one layer per TRP and two layers per TRP
Observation 3: Rank 2 transmission in each SDM repetition for each TRP outperforms rank 1 transmission.

For PDCCH, PUCCH and PUSCH reliability enhancements
In order to improve PDCCH reliability, the coordinated TRPs can jointly transmit the same DCI as shown in Figure 2.2(a) and the diversity gain can be achieved. Alternatively, the coordinated TRPs can transmit independent DCIs with the same DCI content as shown in Figure 2.2(b). In this case, correct detection of only one of two DCIs is enough. In order to further improve the robustness of PDCCH detection, it is better to inform UE which DCIs are repeated, then UE can do soft combining between two repeated DCIs. If two DCIs from two TRPs are used to schedule two repeated PDSCH with different DMRS port group, the same DCI bits can be used to convey different DCI content by supporting RRC configuration on different interpretation on DCI content e.g. the order of the codepoints of the DMRS table can be configured.     
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(a) Same DCI                           (b) independent DCI with the same DCI content
Figure 2.2 Multiple TRPs transmit PDCCH   
Proposal 1: Support PDCCH reliability enhancement. 
PUCCH and PUSCH repetition is supported in Rel-15. However, the same beam is used for multiple repetitions. In high frequency bands, if blockage exists in the beam direction between UE and gNB, all repetitions cannot be received by gNB. One straightforward way is to use different spatial relations for those multiple repetitions in order to get beam diversity gain. This scheme is similar with TDM repetition (scheme 3 or 4 in section 1) based on multiple TRP transmission for PDSCH.
Proposal 2: Beam diversity scheme is considered for PUSCH/PUCCH repetitions.

Simulation assumptions
In this section, we provide our LLS assumptions in one table for performance comparison of Scheme 1a/1b, Scheme 2a/2b, Single layer per TRP and Multiple layer per TRP.
Table 3-1 LLS assumptions for URLLC multi-TRP performance evaluation
	Parameters
	

	Carrier frequency for evaluation
	4GHz

	Channel model
	CDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	2 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 2)

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Coordination assumptions
	0 dB SNR difference between two coordinated TRP 

	Modulation
	QPSK, 16 QAM with code rate = 0.1, 0.2



Conclusions
In this contribution, we provide the simulation assumptions for URLLC multi-TRP evaluation for LLS. 
Observation 1: Similar performance is observed for scheme 1a and 1b.
Observation 2: Similar performance is observed for scheme 2a and 2b.
Observation 3: Rank 2 transmission in each SDM repetition for each TRP outperforms rank 1 transmission.
Proposal 1: Support PDCCH reliability enhancement.
Proposal 2: Beam diversity scheme is considered for PUSCH/PUCCH repetitions.
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