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1. INTRODUCTION
In this section, we refer to the part of Rel-17 WID on NR MIMO that defines the general scope of this sub-topic [1]. The work item aims to specify the further enhancements identified for NR MIMO including enhancements for HST-SFN scenario using a multi-TRP deployment. The detailed objectives are as follows:

	· 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




In this contribution, we discuss the enhancements for M-TRP to support HST-SFN deployment scenario. 

2. BACKGROUND
In NR, multi-TRP (M-TRP) operation is supported with the initial focus on downlink transmission. An NR UE can receive and process multiple NR-PDCCH and NR-PDSCH. Figure 1 shows two main configurations of downlink M-TRP operations which were extensively discussed in the recently concluded Rel-16 MIMO WI. A primary (P-TRP) and secondary TRP (S-TRP) jointly support a UE to deliver control and data physical channels. In the first configuration, a single NR-PDCCH schedules a single NR-PDSCH where separate layers are transmitted from separate TRPs. In the second configuration, two NR-PDCCHs each schedule a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. NR specifications support a maximum number of 2 NR-PDSCHs and 2 NR-PDCCHs.
[image: ]         
[bookmark: _Ref526342730]Figure 1- Single and multi-DCI M-TRP configurations

In NR Rel-16, M-TRP transmission was developed mainly to support M-TRP transmission of PDSCH for eMBB and URLLC scenarios [1]. To enhance reliability and robustness of downlink data transmission for URLLC, four different transmission schemes for PDSCH were agreed. The supported mechanisms are based on the use of additional resources in spatial, frequency and time domains. Depending on the utilized scheme, the additional resources are used to enable a lower code rate for transmission, or support repetition of the original transmission to increase the reliability.
As identified in [2] NR Rel-17 is expected to further enhance M-TRP transmission for both FR1 and FR2 operations. Enhancements to M-TRP for supporting HST-SFN deployment scenario are among the identified problems.
2.1 ENHANCED M-TRP FOR SUPPORTING HST-SFN DEPLOYMENT
HST scenario is one of the important 5G NR deployment scenarios as captured in TR 38.913 [3]. HST deployment scenario focusses on providing consistent user experience for the passenger and high reliability low-latency communications for the high-speed trains [3]. High-speed trains are expected to travel at a velocity of up to 500 km/h. Providing connectivity to passengers at such high velocity would pose numerous challenges and may demand several enhancements to the existing technology. Figure 2 shows an HST-SFN scenario where M-TRPs are spread out along the track path. Multiple TRPs are connected to one BBU with fiber and share the same cell ID to reduce the number of handovers and increase the robustness of the air-interface.
Prior 3GPP work on providing connectivity for high speed scenarios is captured in [4] and [5]. The Rel-16 LTE WI [5] extends the enhancements further to support higher speeds of up to 500 km/h.  In the Appendix, some preliminary simulation results for fading and single-tap HST channels at various Doppler shift values are presented. The simulation assumptions are summarized in Table 1. For each channel assumption, two different cases of 3- and 4-symbol DMRS configurations are assumed.
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Figure 2 - Use of a M-TRP configuration for HST-SFN


3. ENHANCEMENTS FOR HST-SFN 
[bookmark: _Hlk46130163]In this section we discuss several problems that are required to enhance M-TRP for HST-SFN deployment scenario. 

Increase robustness and reduce signalling for handover 
As shown in Figure 3, an HST-SFN scenario can employ an architecture composed of many segments or clusters of TRPs that are spread out along the track path. In each segment or cluster, multiple TRPs are connected to one BBU with fiber and share the same cell ID. By using such architecture, we can enhance transmission robustness by benefiting from M-TRP transmission techniques, and also potentially mitigate excessive growth of handover signaling. However, implementing such architecture requires development of new solutions and enhancements related to QCL assumptions, TCI framework, control channel design and CSI framework. 
Observation 1: HST-SFN scenario can employ an architecture based on clusters of M-TRP deployments to increase the robustness and reduce the signalling overhead associated with handover.
 
Proposal 1: Develop new solutions and enhancements based on clustering of QCL, TCI and CSI framework to support HST-SFN operation using M-TRP transmission.
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Figure 3 - Architecture based on clusters of M-TRP deployments for HST-SFN scenario 

Resource Pooling to Mitigate Signalling Overhead
In HST, UEs in the same compartment are located close to each other and moving together. With this setup, a zone-based resource pool identification could be helpful to mitigate the signalling overhead. A zone can be configured or determined based on geographical coordinates of a UE, and it may be associated with a zone identity (e.g., zone-id). For example, SRS configuration could be part of the zone-based resource pool identification. As such UEs within the same zone may use a similar or partially similar SRS configuration. As another example, information on TCI states could be shared by UEs within the same zone, therefore a gNB does not have to continuously update TCI information of all UEs individually. To track the location when the train is in open space, GPS signalling could be used. However, the alternative solutions may be required when the users are in tunnel environment. 
Observation 2: In HST deployment scenario, zone-based resource pooling could be used to mitigate the signalling overhead. 
Proposal 2: Study zone-based resource pooling to mitigate potential high signalling overhead.
 
Efficient update of TCI/QCL information 
In NR, quasi-colocation (QCL) relations refer to the spatial quasi-colocation of the reference signals.  The QCL relations may be with respect to the delay spread, average delay, Doppler spread, Doppler shift, or the spatial Rx parameters. TCI may carry information regarding the reference signal antenna ports with which a PDCCH and/or PDSCH (DMRS) antenna ports are quasi co-located (QCL-ed). 
In the current TCI framework, a UE may be configured with up to 64 TCI states from which a subset of 8 TCI states may be activated. A TCI state may comprise of at least one combination of serving cell, bandwidth part identity and at least one reference signal such as a CSI-RS or SSB. The UE may assume quasi co-location (QCL) relationship between the ports of such reference signal and the DM-RS ports to assist in the reception and demodulation of PDCCH or PDSCH (e.g. for setting spatial filter and estimating timing and Doppler). 
In M-TRP, configuration of multiple TCI states allows a UE to select the most appropriate spatial filter for reception. To enhance performance in HST-SFN scenario, we can continue to use multiple TCI configuration where several TCI states instead of a single TCI state is indicated to a UE. 
[bookmark: _Hlk47443818]Further, HST-SFN deployments give rise to an issue related to Doppler shift. For example, two TRSs could be experiencing Doppler shifts with similar magnitude but opposite signs. Moreover, the sign of the Doppler shift could change rapidly as a UE passes by its serving TRP. To simplify receiver processing and avoid any ambiguity, it may be beneficial if a UE is aware of the relative polarity of Doppler shift between configured TCI states. Therefore, defining new QCL types capturing these unique situations could help to reduce the complexity of UE receiver processing. 
[bookmark: _Hlk47444129]Proposal 3: Enhanced QCL configuration to indicate relative polarity of Doppler shift between configured TCI states.
 
Enhanced Beam Management for HST-SFN
In HST-SFN scenario, due to very high mobility of UEs, the existing RRC + MAC-CE based beam determination for a CORESET may not provide enough robustness for control channel coverage due to its slow beam switching. However, the network (e.g., gNB) may be aware of the speed of the group of UEs and moving direction, and the identity of UEs moving together. This information could be used to enhance the beam pairing accuracy and to reduce the beam management control signalling overhead. 

Reduced Overhead Doppler Estimation
In an HST scenario, many UEs are grouped under the same mobility condition, and hence they all experience and share a similar high Doppler shift. Therefore, not all UEs need to report their Doppler CSI, but a Doppler CSI report from a selected number of UEs may be enough to estimate the Doppler information for all the UEs in the group. 
Observation 3: In HST scenario, CSI report from a carefully selected number of UEs may be enough to estimate the Doppler information for all the UEs moving together in the same HST compartment.
 
Enhancements for Estimating Doppler Shift and Compensating 
In Figure 4, opposite Doppler shifts are estimated depending on which TRP reference signal is used for Doppler shift estimation. To perform Doppler compensation, a gNB needs to know the Doppler shift experienced by the UE, where this information can be provided to gNB by the UE. However, if an SFN-based TRS transmission is employed, a UE will have complications in processing of the received TRS and computing Doppler shift. Therefore, non-SFN TRS should be used to enable the UE to perform independent Doppler measurements per TRP.
 
Proposal 4: Use non-SFN TRS to enable the UE to perform independent Doppler measurements per TRP.
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Figure 4 - Extreme Doppler-shift scenario in high speed train

In Rel-16, TRS can be configured with 10 ms, 20 ms, 40 ms, or 80 ms periodicity. Due to high mobility and high Doppler shift, performance in HST scenario could be very sensitive to Doppler measurement errors. Thus, TRS are required to be transmitted frequently. However, a high rate transmission of TRS is not always needed. In fact, the rate in Doppler frequency change is at its highest when a train passes by a TRP, because at this time the train has the highest rate of displacement with respect to the TRP. One straight forward solution is to decrease the periodicity of TRS. However, such enhancement may not be always needed, and it leads to unnecessary use of frequency and time resources. Therefore, alternative solutions such as variable rate TRS transmission, that could help balance resource utilization and the accuracy of measurements could be used.

Proposal 5: Study solutions for TRS transmission that could help balance resource utilization and the accuracy of measurements. 

3 CONCLUSIONS
This contribution discussed potential enhancement for HST-SFN. Based on the presented discussion, we make the following observations and proposals. 

Observation 1: HST-SFN scenario can employ an architecture based on clusters of M-TRP deployments to increase the robustness and reduce the signalling overhead associated with handover.
 
Observation 2: In HST deployment scenario, zone-based resource pooling could be used to mitigate the signalling overhead. 

Observation 3: In HST scenario, CSI report from a carefully selected number of UEs may be enough to estimate the Doppler information for all the UEs moving together in the same HST compartment. 

Proposal 1: Develop new solutions and enhancements based on clustering of QCL, TCI and CSI framework to support HST-SFN operation using M-TRP transmission.

Proposal 2: Study zone-based resource pooling to mitigate potential high signalling overhead.

Proposal 3: Enhanced QCL configuration to indicate relative polarity of Doppler shift between configured TCI states.

Proposal 4: Use non-SFN TRS to enable the UE to perform independent Doppler measurements per TRP.

Proposal 5: Study solutions for TRS transmission that could help balance resource utilization and the accuracy of measurements. 
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5 APPENDIX 
[bookmark: _Hlk47707585]In this section, some preliminary simulation results for fading and single-tap HST channels are presented. The simulation assumptions are summarized in Table 1. For each channel assumption, two different cases of 3- and 4-symbol DMRS configurations are assumed. Figures 5 and 6 shown preliminary evaluation results for above scenarios.
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Figure 5 – TP results for TDLC-300 @ 600 Hz Doppler, with 3 (left) and 4 (right) DMRS configurations, respectively
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Figure 6 – TP results for single-tap HST @ 875 & 1250 Hz Doppler, with 3 (left) and 4 (right) DMRS configurations, respectively










Table 1 Simulation Assumptions for HST Scenarios
	Parameter
	Value

	Antenna configuration
	  2×2; 2×4

	Duplexing 
	FDD (2 GHz)

	SCS
	15 KHz

	DMRS type
	type 1

	DMRS configuration 
	DMRS 1+1+1, DMRS 1+1+1+1

	MCS
	MCS 13 and based on 64QAM table

	Propagation condition
	HST-single tap and TDL-C 300 ns

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds= 300m, Dmin=2m

	Rank
	 Rank = 1

	BW
	10 MHz

	Maximum Doppler shift
	TDL-C @600 Hz Doppler, 
HST-single tap @875 Hz & 1250 Doppler

	Precoding 
	Precoder cycling (WB) for 2×2, 2×4 antenna configurations 

	Testing metric
	SNR @70% of maximum throughput
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