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1 Introduction
The basic principle of diversity based multi-TRP/panel transmission is to send the same information from multiple TRPs/panels. With multiple TRPs/panels, the channel from different TRPs or different parts of array could have diverse propagation properties, which can provide robustness against both fast and slow fading. For example, in high frequency case, due to the short wavelength of the high frequency and the beam based transmission, the links between TRPs and UEs suffer from the effect of blockage easily. In order to overcome the blockage, diversity scheme based multiple transmission beam pairs from different TRPs can be maintained to improve the reliability.
However, as agreed in RAN1, only spatial multiplexing based transmission is supported in Rel-15, considering to improve the network performance for MBB traffic. Diversity based Multi-TRP transmission can be also evaluated, and specified if need in order to facilitate more robust and reliable data transmission, for e.g. URLLC, V2X, and high speed train, and etc.
In this contribution, we provide our overview on diversity based multi-TRP/panel transmission for Rel-16. 

2 Discussion
2.1 Transmission schemes of diversity based multi-TRP/panel transmission

As discussed above, multi-TRP/panel transmission can enhance reliability for transmission significantly. In this section, we provide some overview on how cooperation transmission from multiple TRPs can provide robust transmission.
A straightforward way to achieve diversity based multi-TRP/panel transmission is shown in Figure 1. In this scheme, UE receives same data transmitted from multiple TRPS/panels by using the same DMRS port(s). Moreover, TRP 1 and TRP 2 can perform precoder independently. 
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Figure 1. A diagram of diversity based transmission scheme 1

An enhanced diversity based transmission scheme can be obtained based on the scheme 1. In this enhanced scheme, UE receives one data stream from TRP 1 and a modified version of this data stream from TRP 2 by using the different DMRS port(s), which is shown in Figure 2. Same as Scheme 1, TRP 1 and TRP 2 can perform precoder independently. Moreover, the scrambling sequences of the PDSCHs from two TRPs can be different.
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Figure 2. A diagram of diversity based transmission scheme 2

Diversity based transmission scheme 2 includes multiple TRPs engage in joint transmission schemes. Here, different versions of same data are received jointly and UE can combine them in PHY layer. This scheme does the HARQ combination in one transmission, which can provide decoding gain and is favourable for the robust transmission.

Observation 1: Multiple TRPs may schedule same or different version of same data to enhance PDSCH reliability. 
2.2 Evaluation on diversity based multi-TPR/panel transmission

To properly evaluate the performance of diversity based multi-TRP/panel transmission, we setup the link-level simulation for the diversity based transmission scheme, compared with single TRP transmission. In the simulation, 2 TRPs transmit the same information to the UE using the above diversity based transmission schemes. Simulation parameters can be referred to the table I in appendix.
In the first part, the performance of diversity based trans. scheme 1 and scheme 2 without power difference between TRPs are evaluated. The figure 3 compares the performance for 64QAM with code rate 0.75 in terms of BLER. In this figure, Scheme 1 shows about 3.0dB gain in ICE and 2.4dB in RCE over single TRP transmission at 10-1 of BLER. Scheme 2 shows about 7.0dB gain in ICE and 6.8dB in RCE over single TRP transmission at 10-1 of BLER. Scheme 2 provides more significant gain than Scheme 1. Because UE receives one data stream from TRP A and a modified version of this data stream from TRP B in the scheme 2, which can provide obvious decoding gain, especially in high MCS case.
The figure 4 compares the performance for 16QAM with code rate 0.5 in terms of BLER. The scheme 1 shows about 3.0dB gain in ICE and 2.0dB in RCE over single TRP transmission at 10-1 of BLER. Scheme 2 shows about 3.4dB gain in ICE and 3.0dB in RCE over single TRP transmission at 10-1 of BLER. Even in low MCS case, the scheme 2 can still provide more performance gain than the scheme 1. 
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Figure 3. Performance comparison between 3 schemes without power difference between TRPs under 64QAM (5/6)
[image: image5.png]10%%

101

10

TRP-B=TRP-A-0dB,16QAM(1/2),ICE,4T4R

——Single TRP
—£—Schemel
—&-Scheme2
5 -4 3 2 -1
Received SNR(dB)




               [image: image6.png]4

10°

102

10

10

TRP-B=TRP-A-0dB,16QAM(1/2),RCE,4T4R

——Singel TRP
—£—Schemel
—&-Scheme2

1 2 3
Received SNR(dB)





Figure 4. Performance comparison between 3 schemes without power difference between TRPs under 16QAM (1/2)
Observation 2: Both the diversity based trans. scheme 1 and scheme 2 have better performance than single TRP transmission. Moreover Scheme 2 can provide more significant due to the decoding gain.

In the second part, we evaluate the performance of two diversity based schemes with 3dB power difference between TRPs. The figure 5 compares the performance for 64QAM with code rate 0.75 in terms of BLER. Scheme 1 shows about 2.0dB gain in ICE and 1.4dB in RCE over single TRP (TRP A) transmission at 10-1 of BLER. Scheme 2 shows about 5.7dB gain in ICE and 5.4dB in RCE over single TRP (TRP A) transmission at 10-1 of BLER. The figure 6 compares the performance for 16QAM with code rate 0.5 in terms of BLER. The scheme 1 shows about 1.8dB gain in ICE and 1.2dB in RCE over single TRP transmission at 10-1 of BLER.
Even there has power difference between TRP A and TRP B, compared with single TRP with higher power, the scheme 1 and scheme 2 still have performance gain. Moreover the scheme 2 can still provide more performance gain than the scheme 1 due to the decoding gain, especially in high MCS case.
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Figure 5. Performance comparison between 3 schemes with 3dB power difference between TRPs under 64QAM (5/6)
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Figure 6. Performance comparison between 3 schemes with 3dB power difference between TRPs under 16QAM (1/2)
Observation 3: Even two TRPs have power difference, the diversity based trans. scheme 1 and scheme 2 still have better performance than single TRP with higher power.
Base on the analysis and simulation, we have the following proposal.

Proposal 1: Diversity based multi-TRP/panel transmission should be considered to provide robust transmission in Rel-16.
3 Conclusion
This contribution discusses the overview on diversity based multi-TRP/panel transmission for Rel-16. In summary, the following observations and proposals are made.

Observation 1: Multiple TRPs may schedule same or different version of same data to enhance PDSCH reliability. 
Observation 2: Both the diversity based trans. scheme 1 and scheme 2 have better performance than single TRP transmission. Moreover Scheme 2 can provide more significant due to the decoding gain.

Observation 3: Even two TRPs have power difference, the diversity based trans. scheme 1 and scheme 2 still have better performance than single TRP with higher power.
Proposal 1: Diversity based multi-TRP/panel transmission should be considered to provide robust transmission in Rel-16.
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Appendix
Table-I Link-level simulation parameters for diversity based multi-TRP transmission
	Parameter
	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
	16 QAM(1/2)，64QAM(5/6)

	TRP Number
	2

	UE Number
	1

	Layer Number
	1 Layer/TRP

	Precoder
	SVD

	CP
	Normal

	Channel Estimation
	ICE, RCE

	Receiver
	MMSE

	Waveform
	CP-OFDM


