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1 Introduction
In RAN1 #94bis, the following evaluation assumptions were agreed [1].
Agreement:
For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item

Agreement:
For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 

· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms(FFS, optional)

· Companies to provide the delay values used in their evaluations

In this contribution, we provide the simulation results for multi-TRP transmission with higher reliability and robustness are provided.
2 Simulation results for multi-TRP trans. with higher reliability/robustness
Whilst multi-TRP/panel transmission for reliability and robustness is discussed in [2], evaluation results for the following schemes are discussed in this contribution in order to show the improvement of reliability and robustness for PDSCH. 

· Scheme 1: Diversity based transmission with same DMRS ports from different TRPs (Baseline from Rel-15)

A straightforward way to achieve diversity based multi-TRP/panel transmission is shown in Figure 1(a), which can be supported already in Rel-15 NR. In this scheme, UE receives the same data from multiple TRPS/panels by using the same DMRS port(s). Moreover, TRP 1 and TRP 2 can perform precoding of PDSCH respectively but with cooperative scheduling decisions. 

· Scheme 2: Diversity based transmission with different DMRS ports and RV from different TRPs

An enhanced diversity based transmission scheme can be obtained by expanding the design of scheme 1. In scheme 2, UE may receive one data stream from TRP 1 and also a modified version of data stream, e.g. using different redundancy version (RV), from TRP 2 by using different DMRS port(s) shown in Figure 1(b). Moreover, the scrambling sequences of PDSCHs from two TRPs can be different. Different versions of same data are received jointly and the UE can combine them at physical layer.
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Figure 1. A diagram of diversity based transmission
· Scheme 3: TDM-based Diversity transmission with PDSCH repetition from different TRPs

In Rel-15, the PDSCH repetition has been supported to improve PDSCH reliability but was limited to a single transmission layer. The number of repetitions can be configured by higher layer parameter with possible values of 2, 4, and 8. The PDSCH repetitions are transmitted across consecutive slots using the same time-frequency resource allocation. Moreover, the repetitions can be considered as retransmissions since they can be associated with a sequence of redundancy versions indicated by DCI to allow soft combining of the PDSCH repetitions.  Furthermore, the repetitions are sent using the same TRP as shown in Figure 2 (a).    
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Figure 2: (a) PDSCH repetition transmitted from the same TRP in R15 (b) PDSCH repetition transmitted from different TRPs at different times 
To further improve the PDSCH reliability in Rel-16, the PDSCH repetition scheme with different repetitions transmitted from multiple TRPs, as shown in Figure 2 (b), should be considered to obtain higher spatial diversity. 
To evaluate the performance of diversity based multi-TRP/panel transmission, link-level simulations for Scheme 2, compared with baseline Scheme 1, are provided here. For all following evaluations, 2 TRPs transmit the same information of PDSCH to the UE using the above diversity based transmission schemes. By taking Scheme 1 as the baseline, UE receives the same version (RV0) of the same data transmitted from two TRPS. In Scheme 2, UE receives the different versions (RV0 and RV3) of the same data transmitted from two TRPS, and UE conducts HARQ-like combining operation of the different versions of the data, which can provide coding gain from repetition.  Simulation parameters are given in Table-I in the Appendix. The LLS performance of Scheme 3 could be implied from that of Scheme 2 using the same set of RVs in the repetitions from two TRPs. This is because the channels of the two TRPs are assumed to be two independent random processes, i.e. their realizations at the same time (for Scheme 2) or different times (for Scheme 3) are still independent.

In Figure 3, the performance of baseline Scheme 1 and Schemes 2 is compared for different MCS assumptions under real channel estimation. The results show that Schemes 2 provide 3.6dB gain under 64QAM with code rate 0.75dB, 1.15dB gain under 16QAM with code rate 0.5dB, and 0.9dB gain under QPSK with code rate 0.5 over the baseline Scheme 1 at 1E-2 BLER.                       
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Figure 3. Performance of Scheme 1 and 2 without power difference between TRPs with real channel estimation
Observation 1: Compared with baseline scheme of Rel15, spatial domain repetition with different RVs can provide improved performance gain, especially at higher MCS, even at low BLER region.
Figure 4 compares the performance of Scheme 1 and Schemes 2 in terms of MCS under real channel estimation with 3dB power difference between TRPs. Schemes 2 provide 4.25dB gain under 64QAM with code rate 0.75dB, 0.85dB gain under 16QAM with code rate 0.5dB, and 1.15dB gain under QPSK with code rate 0.5 over Scheme 1 at 1E-2 BLER.

In the case of 3 dB power difference between TRP A and TRP B, the Schemes 2 can provide even more performance gain over Scheme 1, compared to the case with no power difference, especially in high MCS case.              
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Figure 4. Performance of Scheme 1 and 2 with 3dB power difference between TRPs with real channel estimation

Observation 2: If multi-TRP/panel transmission gives rise to the difference of receiving power at the UE, spatial domain repetition with different RVs can provide even more performance gain than the baseline scheme of Rel15, compared to the case with the same receiving power at the UE from multiple TRPs.  

Base on the simulations, we have the following proposal.

Proposal: Diversity based multi-TRP/panel transmission with different RV and/or TCI states of same date for PDSCH/PDCCH at spatial and/or time domain should be considered in Rel-16.

3 Conclusion
In this contribution, the simulation results for multi-TRP transmission with higher reliability/robustness discusses are provided. In summary, the following observations and proposal are made. 
Observation 1: Compared with baseline scheme of Rel15, spatial domain repetition with different RVs can provide improved performance gain, especially at higher MCS, even at low BLER region.

Observation 2: If multi-TRP/panel transmission gives rise to the difference of receiving power at the UE, spatial domain repetition with different RVs can provide even more performance gain than the baseline scheme of Rel15, compared to the case with the same receiving power at the UE from multiple TRPs.  

Proposal: Diversity based multi-TRP/panel transmission with different RV and/or TCI states of same date for PDSCH/PDCCH at spatial and/or time domain should be considered in Rel-16.
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Appendix – Simulation parameters
Table-I Link-level simulation parameters for multi-TRP transmission with higher reliability and robustness
	Parameters
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier spacing
	15KHz

	System bandwidth
	20RB

	Velocity
	3km/h

	gNB Antenna 
	4 Tx cross polarized array with 0.5λ antenna spacing 

	UE Antenna 
	4 Rx cross polarized with 0.5λ antenna spacing

	MCS
	QPSK(1/2), 16 QAM(1/2)，64QAM(0.75)

	TRP Number
	2

	UE Number
	1

	Layer Number
	1 Layer/TRP

	Precoder
	SVD

	CP
	Normal

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC


	Waveform
	CP-OFDM


