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1. INTRODUCTION
The work item aims to specify the further enhancements identified for NR MIMO including enhancements for HST-SFN scenario using multi-TRP deployment [1]. The detailed objectives related to HST-SFN scenario 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 WG1 Meeting #102e [2], RAN1 continued the discussion on enhancements for multi-TRP transmission to support HST-SFN scenario. Based on the discussion, the following agreements were reached:

	· [bookmark: _Hlk54102928][bookmark: _Hlk54103253]For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner
· Study the following aspects of the enhanced transmission schemes:
· For scheme 1: 
· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH
· Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded
· For scheme 2:
· Association of each MIMO layer of PDSCH to DM-RS antenna ports
· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· Note: Other schemes/aspects are not precluded
· For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 
· Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
· Note: Other aspects/schemes are not precluded



In this contribution, we further discuss the enhancements for M-TRP to support HST-SFN deployment scenario and present our views. 

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-PDCCHs and NR-PDSCH. Rel-16 NR specification supports a maximum number of 2 NR-PDSCHs and 2 NR-PDCCHs. As identified in [1], 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 is the focus of the WI.

HST 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 [4]. 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 1 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. These BBUs are connected via optical fiber providing enough backhaul capacity with manageable level of backhaul delay. 

Prior 3GPP work on providing connectivity for high speed scenarios is captured in [4] and [5]. The Rel-16 LTE WI [6] extends the enhancements further to support higher speeds of up to 500 km/h. Also [6] enhanced RRM/demodulation requirements to the carrier aggregation (CA) scenario which was not considered in [5].  

[bookmark: _Ref15913275][image: ]
Figure 1 - Use of a M-TRP configuration for HST-SFN

3. ENHANCEMENTS FOR HST-SFN
3.1. [bookmark: _Hlk54108852]Transmission Schemes 
In RAN WG1 meeting # 102e [2], it was agreed to categorize DL transmission schemes to two sets. They mainly differ from each other based on whether PDSCH DM-RS is transmitted in SFN manner. In both schemes, each TRP transmits TRS independently or in a non-SFN manner while PDSCH is always transmitted in an SFN manner as shown in Figure 3. In Scheme 1, PDCCH also could be transmitted SFN manner along with PDSCH. 
	


	HST-SFN Transmission Scheme 1



	HST-SFN Transmission Scheme 2
Figure 2- HST-SFN Transmission Schemes



PDCCH IN SFN MANNER 
A successful reception of PDSCH depends on the successful reception of the related PDCCH. Since two TRPs are geographically separated, the radio channel could experience completely different propagation conditions. Therefore, harvesting spatial diversity could increase the reliability of the communication. As in HST-SFN deployments UEs move extremely fast, deep fading conditions that last only for a very short time period can occur very often. Since PDCCH is maximum up to 3 OFDM symbols long, it could be very susceptible to these deep fading compared to PDSCH. 
Based on recent agreements, it is only Scheme 1 that supports SFN transmission of PDCCH. However, as argued earlier, it is important to support a similar level of reliability for PDCCH when using Scheme 2. One way to enhance the performance of PDCCH would be to rely on non-SFN PDCCH transmission, however such approach would not be efficient. Firstly, it requires the use of additional resources which impacts the spectrum efficiency of the system. And secondly, it increases the number of blind decoding by a UE that leads to an increase in power consumption. Therefore, non-SFN PDCCH transmission is not preferred.
To enable PDCCH transmission in an SFN manner, some considerations may be needed for PDCCH DM-RS transmission. In Scheme 2 PDSCH DM-RS are non-SFN, however such approach cannot be considered for PDCCH DM-RS, as it is based on a single port transmission. Therefore, to support SFN transmission of PDCCH, one of the followings can be considered,
· PDCCH DM-RS can be sent in an SFN manner. Therefore, PDSCH DM-RS would be TRP-specific, but PDCCH DM-RS will remain in an SFN manner.
· PDCCH DM-RS can be enhanced to support non-SFN DM-RS transmission.  As such, UE will be able to perform separate channel estimation for processing of the SFNed PDCCH transmitted from multiple TRPs.

[bookmark: _Hlk54125403]Observation 1: Transmitting PDCCH in an SFN manner could help to increase the reliability of the HST-SFN transmission. To this end, enhancements for the PDCCH DM-RS design to enable multi-port DM-RS estimation and enhancements for TCI/QCL framework could be necessary. 
Proposal 1: Support PDCCH SFN transmission for Scheme 2. 

QCL/TCI INDICATION
As reflected in the recent agreements [2], for both Schemes 1 and 2, TCI/QCL discussion for various signals involved in the transmission is an important aspect of the HST operation. 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 QCL relationship between the ports of such reference signals and the DM-RS ports to assist in the reception and demodulation of PDCCH or PDSCH.
[bookmark: _Hlk54108675]It would be inefficient to employ the existing mechanism of TCI indication for an HST scenario. In a multi-TRP HST deployment, as UEs move from TRP to TRP, TCI info needs to be updated every few seconds for all the UEs in the train which makes it very inefficient in terms of resource usage and its related signalling. In an HST environment, UEs in the same compartment are located close to each other and moving together. Therefore, a zone-based identification, as shown in Figure 3, 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, 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 every few seconds. 
[bookmark: _Hlk54108782]Observation 2: In a multi-TRP HST deployment, since TCI/QCL info needs to be updated every few seconds, a zone-based configuration for TCI/QCL information could be used to mitigate the signalling overhead. 
Proposal 2: Study zone-based configuration for TCI/QCL information to mitigate potential high signalling overhead.
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Figure 3- Zone-based TCI/QCL indication in HST-SFN Transmission

NEW QCL TYPE 
In NR, 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. 
[bookmark: _Hlk54119134]SFN deployments give rise to an issue related to Doppler shift. In both schemes 1 and 2, TRS transmitted by different TRPs are perceived with opposite signed Doppler shift by a UE. 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 is 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. 
Observation 3: In both schemes 1 and 2, TRS transmitted by different TRPs are perceived with opposite signed Doppler shift by a UE.
Proposal 3: To simplify receiver processing and avoid any ambiguity, support new QCL information indicating opposite polarity of Doppler shift between different transmissions.

DIFFERENTIATING REL-16 M-TRP SCHEME FROM HST SCHEMES
[bookmark: _Hlk54110424]In a non-HST-SFN deployment, a UE switching between multi-TRP and single-TRP transmission could be very common. However, in our view, an HST-SFN deployment will have separate infrastructure and UEs will be served by the network for a prolong period, at least when UEs are moving at high speed. When a UE leaves a service area of HST-SFN deployment, they will be serviced by the regular cellular network infrastructure, thus this will be covered under user handover process. Therefore, RRC signaling could be used to configure UEs served by HST-SFN transmission.

Observation 4: As a UE switching between Rel-16 non-SFNed (multi/single-TRP) transmission and HST-SFN transmission is not frequent. When the UE leaves a service area of HST-SFN deployment, it will be serviced by the regular cellular network infrastructure, thus this will be covered under user handover process.
Proposal 4: RRC signalling could be used to differentiate between Rel-16 SFN and Rel-17 HST-SFN schemes.

3.2. Frequency Pre-compensation
In the last meeting, three steps for TRP-based frequency offset pre-compensation scheme for HST-SFN were agreed,
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step

Based on the agreed three step high-level procedure, different compensation schemes with different implications can be implemented. For example, Figure 4 shows two potential schemes that can be implemented based on the agreement. 
· While both schemes are built upon a same set of steps, the resulting frequency pre-compensated transmission occur at different frequencies. For the scheme shown in Figure 4(a), the pre-compensation is done in such a way that the UE will receive the frequency pre-compensated channel at the frequency fc+f1, while for the scheme shown in Figure 4(b), the UE will receive the frequency pre-compensated channel at the original nominal frequency of  fc. 
· Another important aspect is that for the scheme shown in Figure 4a, TRP2 needs to continuously receive updated Doppler shift information, i.e., f1, from TRP1, requiring a low latency high-speed connection between all TRP pairs. Such requirement may not be always feasible, and furthermore, it imposes additional signaling and overhead on the network.

Observation 5: Based on the agreed three step procedure, different compensation schemes with different implications on system requirements can be implemented.
Proposal 5: Support pre-compensation schemes that do not require exchange of Doppler information between TRPs.
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Figure 4 – Frequency pre-compensation schemes


3.3. TRS Enhancements


[bookmark: _Hlk54254387]Figure 5 – Experienced Doppler shift by a UE

One of the challenging issues in an HST deployment scenario is to have an accurate estimation of Doppler shift. In an HST deployment, the value of Doppler shift is changing continuously, and its rate of change increases significantly as an HST travels in the vicinity of a TRP. This high rate of change in Doppler shift is due to the fact that a train has a much higher displacement with respect to a TRP in its vicinity than when it is far off a TRP. Figure 5 shows the perceived Doppler shift of different TRSs transmitted by different TRPs. Based on Figure 5, we can make a couple of observations.
· When an HST is far from both TRPs, the measured Doppler shifts on TRSs transmitted by the TRP pair is almost constant, equal and opposite in sign. 
· [bookmark: _Hlk54124416] When an HST is in the vicinity of a TRP, the measured Doppler shifts on TRSs transmitted by the TRP pair changes at a very high rate.
· When an HST passes by a TRP, the sign of the Doppler shift changes abruptly.

Due to high mobility and high Doppler shift, performance in HST scenario could be very sensitive to Doppler measurement errors. In order to have an accurate estimate of the Doppler shift, we need to have a frequent rate of transmission of TRSs. In Rel-16, TRS can be configured with 10 ms, 20 ms, 40 ms, or 80 ms periodicity. While a lower rate of TRS may be sufficient for areas where HST is relatively far from TRPs, they may not be frequent enough for areas in the vicinity of TRPs. Thus, TRSs are required to be transmitted frequently. However, based on the above observations, a high rate transmission of TRS is only needed when UE is in the vicinity of a TRP, other than that a UE can operate with a lower rate of TRS transmission. 
.
Observation 6: To have an accurate estimation of Doppler shift, a high rate transmission of TRS is only needed when a UE is in the vicinity of a TRP, other than that a UE can operate with a lower rate of TRS transmission.
Proposal 6: Support variable-rate TRS transmission for HST deployment scenario.



4. Simulations
In this section, we share our evaluation results for a 4-Tap channel for a FDD system with a UE traveling at 350 Km/h. Figure 6 shows throughput results for three different MCSs for a 4-Tap channel. The SNR requirement for the 70% throughput mark is captured in Table 1. The simulation parameters are summarized in Table 1.
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(c)
Figure 6 – Throughput performance results for a 4-Tap channel






Table 1 – Required SNR (dB) @ 70% Tput for HST-SFN FDD cases 3-DMRS
	Doppler shift
	MCS
	2x2

	648 Hz
	4
	-0.52

	
	13
	7.23

	
	17
	10.60



Table 2 – Evaluation Parameters for 4-Tap channel
	Parameter
	Value

	
	FDD 30KHz SCS

	Antenna configuration
	2x2 

	DMRS type
	type 1

	Number of DMRS symbols
	1+1+1

	MCS
	MCS 4; MCS 13; MCS 17 based on 64QAM table

	Number of scheduled RBs
	10

	Propagation condition
	HST-SFN 4-Tap

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds=700m, Dmin=150m

	Rank
	Rank = 1

	BW
	10MHz

	Carrier frequency or maximum Doppler shift
	2 GHz, 350kmph

	Testing metric
	SNR @70% of maximum throughput




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

Observation 1: Transmitting PDCCH in an SFN manner could help to increase the reliability of the HST-SFN transmission. To this end, enhancements for the PDCCH DMRS design to enable multi-port DM-RS estimation and enhancements for TCI/QCL framework could be necessary. 
Observation 2: In a multi-TRP High Speed Train (HST) deployment, since TCI/QCL info needs to be updated every few seconds, a zone-based configuration for TCI/QCL information could be used to mitigate the signalling overhead. 
Observation 3: In both schemes 1 and 2, TRS transmitted by different TRPs are perceived with opposite signed Doppler shift by a UE. 
Observation 4: As a UE switching between Rel-16 non-SFNed (multi/single-TRP) transmission and HST-SFN transmission is not frequent. When the UE leaves a service area of HST-SFN deployment, it will be serviced by the regular cellular network infrastructure, thus this will be covered under user handover process.
Observation 5: Based on the agreed three step procedure, different compensation schemes with different implications on system requirements can be implemented.
Observation 6: To have an accurate estimation of Doppler shift, a high rate transmission of TRS is only needed when a UE is in the vicinity of a TRP, other than that a UE can operate with a lower rate of TRS transmission.
Proposal 1: Support PDCCH SFN transmission for Scheme 2. 
Proposal 2: Study zone-based configuration for TCI/QCL information to mitigate potential high signalling overhead.
Proposal 3: To simplify receiver processing and avoid any ambiguity, support new QCL information indicating opposite polarity of Doppler shift between different transmissions.
Proposal 4: RRC signalling could be used to differentiate between Rel-16 SFN and Rel-17 HST-SFN schemes.
Proposal 5: Support pre-compensation schemes that do not require exchange of Doppler information between TRPs.
Proposal 6: Support variable-rate TRS transmission for HST deployment scenario.
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