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Introduction
In RAN1#96bis, the followings are clarified and to be down-selected for the RAN1#97 meeting [1].
	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)


Besides, from the e-mail discussions, the following assumptions are clarified for evaluating the performances of schemes 2a and 2b.
	· The number of PRBs: 8, 40
· Target coding rates: 
· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3
· Above target coding rate is for scheme 2a for layer 1 transmission.
· Each CW in scheme 2b have twice the target coding rate.
· Number of Tx/Rx ports: 
· To be reported by proponent company
· The number of layers: 
· 1 or 2 layers
· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission.
· LLS models: 
· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 
· DMRS configuration: 
· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company
· UE speed: 
· 3km/h
· Inter-TRP frequency(time) offsets: 
· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 
· Baseline scheme: 
· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 


In this contribution, we present simulation results to compare the performance of SDM-based (scheme 1a) and FDM-based (scheme 2a, 2b) multi-TRP diversity schemes. Also, we present simulation results to verify the impact of resource allocation on the performance of the multi-TRP diversity scheme, especially for FDM-based schemes.
Simulation results
The following link-level simulations have been performed with 4 GHz carrier frequency and TDL-C channel model for the two TRPs. The channel from each cooperating TRP to a UE faces an independent fading with configured path loss gap. We focus on the SDM-based (scheme 1a) and FDM-based (scheme 2a, 2b) schemes for multi-TRP diversity transmission. In the SDM-based scheme, the cooperating TRPs are allocated with fully overlapping time- and frequency- domain resources but with different layers. In the FDM-based scheme, each cooperating TRP utilizes non-overlapped frequency domain resources at the same time. The total number of allocated PRBs and that of allocated symbols are set to 40 PRBs and 4 symbols, respectively, for all the considered schemes. More detailed evaluation assumptions are provided in Appendix.
1.1 SDM vs FDM
[bookmark: _Ref528831525]In this section, BLER performances are compared for scheme 1a, 2a, and 2b. For scheme 1a, the number of layers allocated per TRP is set to one or two. For scheme 2a and 2b, single layer transmission is assumed and the same number of PRBs, 20 PRBs, are allocated to each TRP. For each scheme the code rate is aligned to the evaluation assumptions in the e-mail discussion above. Detailed values of the code rates are provided by Table 1.
Table 1. Applied code rate for each scheme
	
	SDM (Scheme 1a),
single layer per TRP
	SDM (Scheme 1a),
2 layers per TRP
	FDM with scheme 2a,
single layer
	FDM with scheme 2b,
single layer

	Code rate
	0.22
	0.11
	0.44
	0.88
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(a) Pathloss gap between TRPs: 0 dB 		   (b) Pathloss gap between TRPs: 3 dB
Figure 1. BLER comparison for different multi-TRP diversity schemes
Figure 1 shows that both scheme 2a and 2b have worse BLER performance than scheme 1a. More than 2dB SNR losses are observed for scheme 2a compared to scheme 1a with single layer per TRP even for 0dB pathloss gap. As evident from Figure 1, scheme 2a and 2b achieve similar BLER performance for the given pathloss gaps. Regarding the number of layers for scheme 1a, single layer transmission per TRP achieves better BLER performance than double layer transmission, even the former one has the two times higher code rate than the latter one. As pathloss gap between TRPs increases, the BLER performance gap between single- and double-layer transmission also increases. It indicates that allowing >1 rank transmission per TRP does not provide any performance gain at least for reliability perspective in URLLC multi-TRP scenario.
Observation 1: FDM based diversity schemes have worse BLER performance compared to SDM based diversity scheme.
Observation 2: For FDM based diversity schemes, scheme 2a and scheme 2b achieve similar BLER performance.
Observation 3: For SDM based diversity schemes, allowing 2 or more ranks per TRP does not provide any performance gain for reliability perspective.
1.2 Fixed vs. flexible RB allocation
In this section, BLER performance is provided for FDM based diversity schemes with different PRB allocations. We consider two type of PRB allocations: fixed PRB allocation and flexible PRB allocation. The details of each PRB allocation are explained in the following figure.
[image: ]
Figure 2. Considered PRB allocation types.
In fixed PRB allocation, PRBs are allocated to each TRP according to the comb type of which granularity is equal to the PRB bundling size. In flexible PRB allocation, the allocation granularity is aligned to be the same with the subband size for CSI reporting. Then, each PRB is allocated to the TRP properly according to the CSI reported to each TRP.
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(a) Pathloss gap between TRPs: 0 dB 		   (b) Pathloss gap between TRPs: 3 dB
Figure 3. BLER comparison for different PRB allocations
Figure 3 shows that BLER performance gain is achieved by flexible PRB allocation compared to the fixed PRB allocation, for both scheme 2a and 2b. As evident from Figure 3, the gain by using flexible PRB allocation is around 0.6dB even for 0dB pathloss gap between TRPs, and the gain increases as the pathloss gap increases.
Observation 4: For FDM based diversity schemes, flexible PRB allocation can provide considerable BLER performance gain compared to fixed PRB allocation.
Proposal 1: Support flexible PRB allocation for both scheme 2a and 2b.
[bookmark: _Ref446598642]Conclusions
In this contribution, we present simulation results to compare the performance of SDM and FDM based diversity schemes for multi-TRP. We also present the results to study the impact of PRB allocation on the performance of FDM based diversity schemes. The following observations and proposal are drawn from the above results:
Observation 1: FDM based diversity schemes have worse BLER performance compared to SDM based diversity scheme.
Observation 2: For FDM based diversity schemes, scheme 2a and scheme 2b achieve similar BLER performance.
Observation 3: For SDM based diversity schemes, allowing 2 or more ranks per TRP does not provide any performance gain for the reliability perspective.
Observation 4: For FDM based diversity schemes, flexible PRB allocation can provide considerable BLER performance gain compared to fixed PRB allocation.
Proposal 1: Support flexible PRB allocation for both scheme 2a and 2b.
References
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Appendix
[bookmark: _Ref528831614]Table 2. Evaluation assumptions for the evaluation results
	Parameters
	Values

	Carrier frequency / SCS
	4GHz / 30kHz

	Bandwidth
	20MHz

	Channel model
	TDL-C with DS = 100ns

	UE speed
	3km/h

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

	DMRS type / symbols
	Type 1, 1 symbol, no FDM with data

	DMRS channel estimation
	Ideal

	CSI measurement
	Ideal

	CSI-RS configuration
	2 ports per TRP with density 1

	CSI reporting
	PMI and CQI reporting with 5 slot periodicity

	Time domain resource allocation
	PDSCH mapping type B with 4 symbols
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