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Introduction
For high reliability, diversity is an important enhancement for NR Rel-16 using Multi-TRP transmission strategies, see [1]. Multi-TRP diversity helps both in terms of macro diversity to handle blocking and mobility situations; but also in terms of mitigating fast-fading. In this contribution, it is investigated how the diversity and power gains scale for 2 TRPs up to 4 TRPs in a cooperating cluster. One diversity strategy studied is to send from different TRPs on different PRB-bundles in the frequency domain and perform power boosting accordingly, i.e., 3 dB for 2 TRPs, 6 dB for 4 TRPs. Another strategy studied is to just transmit the same DMRS and data from different TRPs with joint pre-coding using cyclic delay diversity pre-coding, see [2] for details on different Multi-TRP strategies. The link level results are based upon the URLLC Macro scenario at 4 GHz with 4 TX-port TRPs and a 4 RX-port UE and 256 bits packet size.
Performance evaluation of Multi-TRP diversity for reliability
In this section, the link level simulation performance results are presented, and observation and conclusions are drawn from these results.
Multi-TRP cooperating cluster for 1-4 TRP transmissions 
The present contribution considers downlink transmission at 4 GHz carrier frequency and 30 kHz sub-carrier frequency spacing. The channel model is CDL_A with a Multi-TRP setup as depicted in Figure 1.
The clusters used for joint transmission are TRP 0 for a single TRP, TRPs 0 and 1 for 2 TRPs etc. The results assume that all TRPs in the cluster are connected with an ideal backhaul as latency on the backhaul is not acceptable with a 1 ms latency requirement. The coordination between the TRPs is only in the scheduling, i.e., all TRPs schedule the same PDSCH and on same PRBs for the data transmission but pre-coder selection is done independently per TRP according to UE reported PMI. 
The precoding codebook is a 2 times spatially oversampled DFT-codebook. The CSI-RS and synchronization signals measurements are modelled as ideal, and the synchronization of the TRPs is also ideal. Frequency time allocation is 16 PRBs and 2 OFDM-symbols giving a little less than code-rate ½ for a single layer allocation using a single DMRS. Observe that 15 PRBs would give a code-rate closer to ½ but creates problems as a PRB-bundle consisting of a single PRB at the end of the allocation is obtained.
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[bookmark: _Ref534704536]Figure 1: Multi-TRP clusters used for link-level evaluations
In Figure 2 the resource allocations for two cases are shown when frequency interleaving either 2 or 4 TRPs using the PRB bundle structure in frequency domain.
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[bookmark: _Ref534808836]Figure 2: Frequency interleaving for 2 TPRs and 4 TRPs
Figure 3 displays the second diversity strategy: to transmit the same DMRS and data from the different TRPs and forming joint pre-coding using cyclic delay diversity pre-coding.
[image: ]In order to check that the code rate is sufficiently low to harvest the Multi-TRP diversity gain, a 32 PRB frequency allocation was also evaluated giving a code-rate of less than ¼. To see the sensitivity to varying path-gain to the different TRPs , both the case when all TRPs are at 0 dB relative SNR and the case when TRP 0, 1, 2 and 3 are at 0 dB, -3 dB, -6 dB and -9 dB respectively were evaluated. [bookmark: _Ref1117029]Figure 3: Cyclic delay diversity for 2 TRPs and 4 TRPs

Simulation results
In these simulation results it is investigated how increasing the number of TRPs provides benefit in a high reliability scenario. The frequency interleaving strategy is easy to specify for any number of TRPs. It is here considered using 1-4 TRPs as described above, see Figure 1. In all the simulation settings there is a significant diversity gain on top of the power gain using a second TRPs, see Figure 4 or Table 1.
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[bookmark: _Ref534794581]Figure 4: Multi-TRP performance gains using 1-4 TRPs and frequency interleaving
The diversity gains seem quite independent upon if 16 or 32 PRBs is used and hence even at a code-rate close to ½ multi-TRP seems like a good solution even for 4 TRPs, this is probably due to the additional frequency diversity given by the 32 PRB allocation. Multi-TRP diversity gains are especially good with 1 additional TRP at a relative power -3 to 0 dB compared to serving, this case seems very relevant for many deployments and scenarios. Observe that the gains here are at 10-4, the gain would be even larger moving at smaller BLER values such as 10-5 and 10-6. 
In some scenarios when reception from all 4 TRPs are close to each other in power it is also well motivated utilizing all 4 TRPs to transmit to the UE. Considering some URLLC scenarios, such as factory automation, traffic safety and drones, this type of scenarios also seems quite relevant in 5G.
[bookmark: _Toc1143261]Supporting 2 TRP transmission is important due to that significant Multi-TRP reliability gains should be found in most scenarios using 2 TRPs
[bookmark: _Toc1143262]Supporting up to 4 TRPs (with non-overlapping resource allocations) is well motivated as significant Multi-TRP reliability gains should be possible in some scenarios using up to 4 TRPs
Table 1 shows that going from 2 to 4 TRPs can bring an additional 2-4 dB SNR gain to the link reliability.
[bookmark: _Ref528877078]Table 1: Multi-TRP gains for 10-4 BLER using frequency interleaving
	
	1 to 2 TRPs
	2 to 3 TRPs
	3 to 4 TRPs

	16 PRBs, TRPs all at 0 dB
	5.3 dB
	2.6 dB
	2.0 dB

	16 PRBs, TRPs at 0, -3, -6, -9 dB
	3.7 dB
	1.1 dB
	0.2 dB

	32 PRBs, TRPs all at 0 dB
	5.4 dB
	2.6 dB
	2.0 dB

	32 PRBs, TRPs at 0, -3, -6, -9 dB
	3.9 dB
	1.3 dB
	0.7 dB



Another promising multi-TRP strategy for well synchronized networks is to use an SFN solution and cyclic delay diversity encoding. In order to check the sensitivity to the gains from more than 1 cooperating TRP we also investigate using SFN and OCC for more TRPs.
[image: ]
Figure 5: Multi-TRP performance gains using 1-4 TRPs and SFN using CDD
The results for SFN using CDD are very close to the frequency interleaving results and does not change any conclusions on the number of TRPs that it is worth supporting.
Table 2: Multi-TRP gains for 10-4 BLER using SFN and cyclic delay diversity
	
	1 to 2 TRPs
	2 to 3 TRPs
	3 to 4 TRPs

	16 PRBs, TRPs all at 0 dB
	5.2 dB
	2.9 dB
	2.1 dB

	16 PRBs, TRPs at 0, -3, -6, -9 dB
	3.9 dB
	1.7 dB
	0.7 dB

	32 PRBs, TRPs all at 0 dB
	5.4 dB
	2.8 dB
	1.9 dB

	32 PRBs, TRPs at 0, -3, -6, -9 dB
	4.1 dB
	1.5 dB
	0.9 dB



Conclusion
In the previous sections we made the following observations: 
Observation 1	Supporting 2 TRP transmission is important due to that significant Multi-TRP reliability gains should be found in most scenarios using 2 TRPs
Observation 2	Supporting up to 4 TRPs (with non-overlapping resource allocations) is well motivated as significant Multi-TRP reliability gains should be possible in some scenarios using up to 4 TRPs
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Appendix: Simulation assumptions
	Parameter
	

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz

	Subcarrier spacing
	30 kHz

	Cell layout
	Hexagonal, 500m ISD

	Channel model 
	CDL_A 300ns

	BS antenna configuration
	4 TX: 2 x-pols horizontal 0.5 lambda separation 

	BS antenna height
	25m

	UE antenna configuration
	4 RX: 2 x-pols horizontal 0.5 lambda separation

	UE antenna height
	1.5m

	DMRS channel estimation
	Realistic

	UE receiver
	MMSE-IRC

	Channel Estimation CSI-RS and
Feedback assumptions
	Ideal channel estimation, PMI reporting
DFT codebook 2 times spatially oversampled

	Packet size
	256 bits

	Allocation size
	16 PRBs x 2 OFDM-symbols or 32 PRBs x 2 OFDM-symbols 

	PRB bundle size
	2 PRBs

	BS synchronization
	Ideal (e.g. no propagation delay difference)

	Code-rate
	1 Layer: 16 PRBs 0.44; 32 PRBs 0.22


	Channel coding
	LDPC
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