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Introduction
In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In the approved WID, a particular point is enhancement to HST-SFN deployment, targeting both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 
a. 
b. 
c. 
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


In this contribution, we provide our proposals to support enhancement for HST-SFN deployment. 
Discussion









SFN based MTRP is a very typical solution to enhance transmission reliability in HST scenario, where multiple TRPs transmit the same data to a UE based on the same DMRS port(s). Based on Rel-15/16 specification, one effective TRS can be configured to UE in order to implement SFN based solution in HST scenario. The effective TRS can be transmitted by both TRPs as shown in Figure 1. Assuming the center frequency is, the frequency offset between UE and TRP0 caused by Doppler impact is , and the frequency offset between UE and TRP1 is . Since both TRPs transmit TRS on the same TRS resources, UE can only estimate an effective frequency offset  . Because directions from UE to two TRPs may be opposite, and may be opposite numbers especially when UE is in the middle position between two TRPs. Thus, the final estimated frequency offset could be zero, e.g. = 700 Hz,  = -700Hz. Consequently, one effective TRS may provide incorrect frequency offset estimation and further cause performance degradation.     
[image: ]
Figure 1. Single QCL assumption based on Rel-15/16 SFN based MTRP
In order to solve this problem, two candidate solutions from UE side and gNB side respectively can be considered as shown in the two sub-bullets of WID.
Solution 1: separate frequency offset estimations at UE side













[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the first solution, as described in the first sub-bullets of WID, two TCI states corresponding to two TRS resource sets respectively can be configured to the same DMRS port(s). Then, UE can estimate frequency offset and  separately. Thus, DMRS channel estimation coefficients can be based on  and  as shown in Figure 2. Specifically, time domain channel correlation matrix should consider both and. The correlation matrix can be calculated as , where  and are the correlation matrix calculated based on  and respectively, and and are the receiving power ratios of the two TRS resource sets respectively.
[image: ]
Figure 2. Two QCL assumptions
[bookmark: _GoBack]In order to evaluate the benefit of two QCL assumptions, we provide the simulation comparison between one and two QCL assumptions for the same DMRS port(s). The simulation assumption can be found in the Appendix. Figure 3 shows the throughput on different UE location with the UE’s speed 350km/h and 500km/h. Figure 4 shows the throughput with 16QAM and 0.5 code rate when the UE is in the middle of the two TRPs. From the simulation results, it can be found that two QCL assumptions (TCI states) achieve better performance than one QCL assumption especially when UE is in the middle position of the two TRPs in horizontal domain. That’s because more accurate DMRS channel coefficients can be estimated based on the separate TRS resource sets transmitted from the two TRPs.
[image: ][image: ]
Figure 3. Simulation results comparison for SNR=30dB based on different UE locations
[image: ]
Figure.4 Simulation results comparison with the UE Location in the middle of two TRPs
Observation 1: With two QCL assumptions derived from two TRS resource sets for the same DMRS port, significant performance gain can be achieved for high-speed UE in SFN deployment, esp. for UE locations in the middle of the two TRPs.
Proposal 1: Support two TCI states for the same DMRS port(s) for the HST-SFN deployment scenario.
Solution 2: frequency offset pre-compensation at gNB side
For the second solution, frequency offset pre-compensation is needed at gNB side. As shown in Figure 5, several steps are listed here to elaborate the solution:
· 
[bookmark: OLE_LINK1]Step 1: TRS0 is first transmitted from TRP0 only. Then, based on estimation of TRS0, UE modulate its center frequency for UL signal transmission, e.g. SRS. Because of Doppler shift between UE and TRP0, the center frequency of SRS transmission will be ;
· 

[bookmark: OLE_LINK2]Step 2: TRP0 received SRS based on the center frequency , and TRP1 received SRS based on the center frequency ;
· 


Step 3: TRP0 can estimate frequency offset between UE and itself; TRP1 can get the frequency offset estimated by TRP0, and estimate frequency offset between UE and itself; 
· Step 4: Two TRPs do frequency offset pre-compensation respectively to transmit TRS1. At UE side, the frequency offset on TRS 1 will be negligible because of different frequency offset pre-compensations at TRP0 and TRP1. As shown in Figure 5, the frequency difference can be zero ideally after pre-compensation from two TRPs.

[image: ]
Figure 5. pre-compensation
Most of the above procedures belong to implementation issues. However, since two TRS resource sets 0 and 1 with different center frequencies are needed. UE has to know which TRS is used to modulate center frequency of SRS transmission. Considering the QCL relation between DL and UL in unified TCI design in Rel-17, gNB can inform TRS index in TCI/spatial relation configuration for UL signal transmission.   
Proposal 2: To implement frequency offset pre-compensation, gNB can inform TRS index in TCI/spatial relation configuration for UL signal.
[bookmark: OLE_LINK3]In order to evaluate the benefit of solution 2, simulation results are also provided below. The simulation assumption can be found in the Appendix. Figure 6 shows the throughput on different UE location with the UE’s speed 350km/h and 500km/h. The simulation results in Figure 7 shows the throughput in the middle of the two TRPs with MCS 16QAM and 0.5 code rate. From the simulation results in Figure 6 and Figure 7, it can be found that pre-compensation achieves better performance than Rel-15/16 SFN based solution especially when the UE is in the middle of the two TRPs..
[image: ][image: ]
Figure 6. simulation results comparison for SNR=30dB based on different UE locations
[image: ]
Figure 7. Simulation results with the UE location in the middle of the two TRPs
Observation 2: Pre-compensation at gNB side for frequency offset caused by high Doppler achieves significant performance gain for high-speed UEs, esp. for UE locations in the middle of two SFN TRPs.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance HST-SFN deployment scenario. The observations and proposals are given below.
Observation 1: With two QCL assumptions derived from two TRS resource sets for the same DMRS port, significant performance gain can be achieved for high-speed UE in SFN deployment, esp. for UE locations in the middle of the two TRPs.
Observation 2: Pre-compensation at gNB side for frequency offset caused by high Doppler achieves significant performance gain for high-speed UEs, esp. for UE locations in the middle of two SFN TRPs.
Proposal 1: Support two TCI states for the same DMRS port(s) for the HST-SFN deployment scenario.
Proposal 2: To implement frequency offset pre-compensation, gNB can inform TRS index in TCI/spatial relation configuration for UL signal.
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Appendix
Table 5-1 LLS assumptions for multi-TRP performance evaluation
	Parameter
	FR1

	Duplexing 
	TDD

	TRP layout (Ds, Dmin, etc)
	Ds=700m, Dmin=150m

	gNB antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
directional antenna 

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2] 
omni-directional antenna

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1+1+1

	MCS
	 MCS adaptation
16QAM 0.5CR

	Number of scheduled RBs
	25

	Propagation condition
	CDL D DS = 100ns

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern

	PDSCH / PUSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 1

	BW
	20MHz

	Carrier frequency or maximum Doppler shift
	3.5GHz, 350kmph and 500kmph

	Performance metric
	Throughput

	Other assumptions or simulation parameters, e.g., correlation 
	SCS: 30kHz
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