3GPP TSG RAN WG1 Meeting #94
                                                  
                R1-1809118
Gothenburg, Sweden, August 20th – 24th, 2018
Agenda Item:
7.2.8
Source:
Huawei, HiSilicon

Title:
Discussion on multi-TRP/panel transmission for reliability and robustness in NR
Document for:
Discussion and decision 

1 Introduction
Based on the WID on NR MIMO enhancements for Rel-16 in RAN meeting #80 [1], the reliability and robustness were included as the enhancements on multi-TRP/panel transmission as following:

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission

The reliability and robustness are also important for V2X/URLLC and high speed train since propagation channel conditions and service requirements are challenging due to much higher relative speed. Hence, the design of multi-TRP transmission with improved reliability and robustness can be valuable and considered for URLLC, V2X and high speed train use cases. 
To improve reliability and robustness compared to Rel-15 physical layer design, diversity based multi-TRP/panel transmission schemes can be a starting point. The basic principle of a diversity scheme is to send the same information from multiple TRPs/panels. The information can be transmitted at the same or different time. With multiple TRPs/panels, the channel from different TRPs or panels can provide higher spatial diversity, as a result with improved robustness/reliability against both slow and fast fading. For example, due to the short wavelength of FR2 and narrow-beam based transmission, the links between TRPs and UEs may suffer from the blockage more severely. Therefore the diversity based scheme for multi-TRP/panel transmission can be considered as an effective mechanism to mitigate the impact of blockage.
In this contribution, we provide an overview on diversity based multi-TRP/panel transmission schemes for improved reliability and robustness, considering enhancements on PDSCH/PDCCH repetition/retransmission using NCJT or time division multiplexing.  
2 Discussion
2.1 Design for improved Data Channel Reliability/Robustness

As discussed above, multi-TRP/panel transmission can enhance reliability for transmission significantly. In this section, we provide an overview on how cooperative transmission from multiple TRPs/multi-panel assuming the ideal backhaul can provide data transmission with improved robustness. 
· Diversity based transmission Scheme 1 (Baseline scheme of Rel-15)
A straightforward way to achieve diversity based multi-TRP/panel transmission is shown in Figure 1, 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. 
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Figure 1. A diagram of diversity based transmission Scheme 1
· Diversity based transmission Scheme 2
An enhanced diversity based transmission scheme can be obtained by expending 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 2. 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 2. A diagram of diversity based transmission Scheme 2
· Diversity based transmission Scheme 3
In NR Release 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 3 (a).    
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Figure 3: (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 Rel16, the PDSCH repetition scheme with different repetitions transmitted from multiple TRPs, as shown in Figure 3 (b), should be considered to obtain higher spatial diversity. 
Observation 1: Multiple TRP/panels can transmit same data with different RV and/or TCI states at spatial and/or time domain, to enhance PDSCH reliability and robustness.
2.2 Design for improved Control Channel Reliability/Robustness
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Figure 4: PDCCH repetition transmitted from different TRPs at the same or different times
To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered and improved. Similar to PDSCH reliability improvement, spatial diversity offered by multiple TRP transmission in conjunction with PDCCH repetition can be used to improve the PDCCH reliability. Figure 4 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times via e.g. joint transmission or time multiplexing scheme. The latter can be considered as the extension of the PDCCH repetition scheme discussed in [2] using multiple TRPs. 

3 Evaluation
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 can refer to Table-I in 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 5 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 3.57dB gain under 64QAM with code rate 0.75, 1.00dB gain under 16QAM with code rate 0.5, and 0.73dB gain under QPSK with code rate 0.5 over the baseline Scheme 1 at 10-1 BLER.                       
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Figure 5. Performance of Scheme 1 and Schemes 2 without power difference between TRPs with real channel estimation
Observation 2: 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 6 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 4.33dB gain under 64QAM with code rate 0.75, 0.82dB gain under 16QAM with code rate 0.5, and 0.56dB gain under QPSK with code rate 0.5 over Scheme 1 at 10-1 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 6. Performance of Scheme 1 and Schemes 2 with 3dB power difference between TRPs with real channel estimation
Observation 3: 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 analysis and 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.
4 Conclusion
This contribution discusses the overview on diversity based multi-TRP/panel transmission, enhanced R15 PDSCH repetition scheme and PDCCH repetition using multiple TRPs for Rel-16. In summary, the following observations and proposal are made.

Observation 1: Multiple TRP/panels can transmit same data with different RV and/or TCI states at spatial and/or time domain, to enhance PDSCH reliability and robustness.
Observation 2: 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 3: 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
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
	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


