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Introduction
In Rel.17 NR FeMIMO WID, HST-SFN related enhancements are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
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



This contribution provides Samsung’s view on the highlighted topics above.

Possible enhancements for HST-SFN
1 
2 
A typical deployment scenario for HST system is to place multiple RRHs which are connected to a BBU and distributed along the railway. In such scenario, the NW can transmit DL data to an HST UE via SFN manner due to the difficulty to track accurate position of the UE. This type of transmission provides more reliable transmission than using one nearest RRH. In addition, received signal power at the UE side can be boosted via SFN transmission.
To reap the benefit of SFN transmission via HST, the set of participating RRHs in the transmission should be selected carefully. For example, the following can be considered:
i) Transmission delay of each RRH-UE link: It is beneficial to form the set of RRHs such that their aggregate SFN delay spread to UE is within a CP, otherwise UE would experience ISI.
ii) UE complexity: UE experiences multiple Doppler shifts, each coming from an RRH participating in the SFN transmission. As the number of RRHs increases, UE processing complexity also increases to track increased number of Doppler shifts.
As a result, NW firstly forms multiple SFN combinations, and then chooses an appropriate combination for transmission depending on the position and processing capability of UE. Figure 1 shows an example of transmission scenario when 4 RRHs are in the network and located equi-distantly with D. In this example, it is assumed that each RRH uses bi-directional beams, each with separate TRS and up to 4 adjacent RRHs (that is RRHs within 2D distance from a UE) participate in SFN transmission. In this set-up, the list of all possible SFN combinations can be found in Table 1.
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Figure 1. Example of transmission scenario in bi-directional 4-RRH network

Table 1. List of possible SFN combinations in Figure 1
	# of RRHs for SFN
	List of SFN combinations
	# of combinations

	Single RRH (DPS)
	#0L, #0R, #1L, #1R, #2L, #2R, #3L, #3R
	8

	Two RRHs
	{#0L,#1L}, {#0R,#1L}, {#0R,#1R}, {#1L,#2L}, {#1R,#2L}, {#1R,#2R}, {#2L,#3L}, {#2R,#3L}, {#2R,#3R}
	9

	Three RRHs
	{#0R,#1L,#2L}, {#0R,#1R,#2L}, {#1R,#2L,#3L}, {#1R,#2R,#3L}
	4

	Four RRHs
	{#0R,#1R,#2L,#3L}
	1

	Total # of combinations
	22



When a NW relies on Rel-16 QCL framework, the Doppler shift, and Doppler spread property of SFNed PDSCH are inferred from a single TRS. It implies that the NW should use multiple SFN combinations for PDSCH transmission and thus needs to configure the corresponding number of TRSs to support SFN. In other words, if the NW is to use all SFN combinations according to Table 1, it needs to configure 22 TRSs. This would result in excessive use of NW resources only for TRS transmissions. According to our analysis, TRS overhead ratio from the total REs in NW is 36.5% for N = 8 RRHs as shown in Table 2, where the detailed assumptions are provided in the appendix. Note that the overhead ratio would further increase as the number of RRHs and/or the number of Tx beams per RRH increases, which can be excessive especially in FR2.
Observation 1. Rel-16 QCL framework requires excessive TRS overhead to support HST-SFN for PDSCH.

To solve the TRS overhead problem, we propose an extension of the QCL framework to allow the QCL properties, e.g., Doppler shift and Doppler spread associated with PDSCH can be inferred from multiple TRSs. In this extended QCL framework, NW does not need to configure separate TRS per each SFN combination. Rather, it only needs to configure one TRS per RRH per beam. Then NW indicates UE about QCL property of the PDSCH via a list of TRSs corresponding to the RRHs participating in SFN transmission. TRS overhead reduction according to the QCL framework enhancement is analyzed in Table 2 for the bi-directional N-RRH network. Note that the TRS overhead can be reduced from 36.5 % to 15.4% (57.9% ratio reduction) for N = 8.
Proposal 1. Support QCL framework enhancement to enable multiple TRSs as QCL reference RSs for SFNed PDSCH.
Observation 2. QCL framework enhancement can reduce TRS overhead significantly compared to Rel-16 QCL framework for HST-SFN.

Table 2. TRS overhead analysis for Rel-16 QCL framework vs. extended QCL framework
	
	# of TRSs
	TRS overhead
	TRS overhead ratio
	Overhead ratio reduction

	
	Rel-16 QCL
	QCL enhancement
	Rel-16 QCL
	QCL enhancement
	Rel-16 QCL
	QCL enhancement
	

	N = 4
	22
	8
	13,200 REs
	4,800 REs
	21.2%
	7.7%
	63.7%

	N = 6
	30
	12
	18,000 REs
	7,200 REs
	28.8%
	11.5%
	60.0%

	N = 8
	38
	16
	22,800 REs
	9,600 REs
	36.5%
	15.4%
	57.9%



The extended QCL framework is also beneficial in reducing UE complexity in estimating Doppler shifts from TRS. In Rel-16 HST-SFN, the gNB transmits TRS in an SFNed manner and the UE has to track multiple Doppler shifts from the TRS. However, QCL framework enhancement allows gNB to transmit non-SFNed TRS and the UE is sufficient to track only a single Doppler shift per TRS. Figure 3 and Table 3 show the performance of Doppler shift tracking by a single SFNed TRS vs. three non-SFNed TRS in a 3-RRH network (estimation accuracy is improved by 64%). Assume that the UE tracks Doppler shifts of two nearest RRHs at a time. By using multiple non-SFNed TRS, the UE can achieve better Doppler shift tracking performance than SFNed TRS while requiring lower complexity. For example, the UE may suffer from large estimation errors from SFNed TRS as marked with red circles in the left figure. Such error occurs in the case that the transmission delays from RRHs to UE are almost the same so that their Doppler shifts are non-resolvable from SFNed TRS. If we use separate TRS per RRH, such error would not occur.
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Figure 3. Doppler shift estimation in a 3-RRH network

Table 3. Mean absolute error of estimated Doppler shift
	SFNed TRS
	Separate TRS per RRH
	Error reduction by using separate RRH

	113.4 Hz
	40.8 Hz
	72.6 Hz (64.0%)



Observation 3. QCL framework enhancement that allows UE to track only a single Doppler shift per TRS in HST-SFN results in better estimation performance and lower complexity compared to Rel-16.

Besides, if the gNB can know the Doppler shift of the channel between each RRH and the UE, the gNB can pre-compensate Doppler shift at each RRH such that the UE experiences only a small residual Doppler shift at the received signal. Such pre-compensation can reduce UE complexity to track multiple Doppler shifts and improve the reliability of the received signal. Two methods are used for Doppler shift pre-compensation, which are:
i) gNB measures Doppler shift at each RRH via UL signal, e.g., SRS.
ii) UE measures Doppler shift at each RRH via TRS, and reports the value to gNB.
Details on the Doppler pre-compensation method, including possible specification impact, need to be discussed further.
Proposal 2. Study possible specification enhancements to better support Doppler pre-compensation at gNB side.
Evaluation methodology
3 
4 
During the e-mail discussion for EVM, one of the issues is whether to treat FR1 and FR2 with equal priority for evaluations. Since both FR1 and FR2 are considered important in upcoming commercial deployments, and FeMIMO WID clearly includes HST-SFN enhancements for FR2 as its work scope, we need to consider FR2 for evaluation as well. Another issue is on the TRP layout at FR2. In our view, the existing layout for HST scenario specified in TR 38.913, shown in Figure 4, would be a well-designed candidate for evaluation. Since the layout reflects a practical deployment where RRHs are placed at the poles with few meters apart from the railway, we can reuse the parameters in the layout, 580 m for ISD and 5 m for RRH-railway distance, for evaluations.
As a baseline scheme for performance comparison, SFN transmission in Rel-16 can be used.
Proposal 3. For HST EVM at FR2,
· Support HST layout specified in TR 38.913
· Support SFN transmission in Rel-16 as a baseline
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Figure 4. HST scenario in TR 38.913

Conclusion
In this contribution, the following observations and proposals are given: 
Observation 1. Rel-16 QCL framework requires excessive TRS overhead to support dynamic SFN combination for PDSCH in HST scenario.
Observation 2. QCL framework enhancement can reduce TRS overhead significantly compared to Rel-16 QCL framework for HST-SFN.
Observation 3. QCL framework enhancement that allows UE to track only a single Doppler shift per TRS in HST-SFN results in better estimation performance and lower complexity compared to Rel-16.
Proposal 1. Support QCL framework enhancement to enable multiple TRSs as QCL reference RSs for SFNed PDSCH.
Proposal 2. Study possible specification enhancements to better support Doppler pre-compensation at gNB side.
Proposal 3. For HST EVM at FR2,
· Support HST layout specified in TR 38.913
· Support SFN transmission in Rel-16 as a baseline
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Appendix
[bookmark: _Ref528831614]Table 4. Evaluation assumptions
	Parameters
	Values

	TRP layout
	Ds = 700 m, Dmin = 150 m

	Channel model
	HST-SFN channel model in TS36.101

	Carrier frequency / SCS
	1.9 GHz / 15 kHz

	UE speed
	500km/h

	gNB / UE antenna configuration
	2 Tx ports / 2 Rx ports

	TDD pattern
	7D1S2U, S: 6D4G4U

	Number of RBs
	50 RBs

	TRS periodicity / pattern
	10 ms, 2 slot pattern
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