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Introduction
Release-17 RAN1 work-item on further enhanced MIMO (FeMIMO) in [1] scoped the following for the enhancement of high speed train – single frequency network deployment for both FR1 and FR2.
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
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 continue the offline discussion of the evaluation methodology for the HST-SFN enhancement and also discuss our high-level overviews of possible enhancement techniques. 
Evaluation Methodology 
Companies shared their views on the HST-SFN evaluation methodology over two phases. The outcome of phase 2 offline discussion for the evaluation methodology is summarized in [2]. In this section, we provide our feedback and our views on the final offline conclusions.
The HST-SFN study is related to improving the downlink performance of high mobility UE inside the high-speed train. We agree with all companies who shared their views that LLS is the primary tool to evaluate the gain of possible enhancements.
	Conclusion #1: 
· LLS to be used for Rel-17 HST evaluations



Frequency range
The deployment scenario and the layout of the HST-SFN has some differences between FR1 and FR2 in terms of cell coverage, antenna configurations and other setup configurations. Therefore, the HST evaluation assumptions should be defined separately for both FR1 and FR2. On the other hand, we believe that the study for HST enhancements for FR2 should have same priority as FR1. As FR2 commercial deployment spreads faster into different geographic locations in the world, 3GPP specs should be supportive for FR2 HST deployment. Also, we want to point that most of HST enhancements are FR agnostic and both FR1 and FR2 should be treated equally. 
We are supportive of the offline conclusion #2 and believe that FR2 is as equal priority as FR1. 
	Conclusion #2: 
· Define HST simulation assumptions for both FR1 and FR2.
· FR1 and FR2 treated with equal priority.


HST layout
For FR1evaluation, we prefer to align with the RAN4 HST layout where distance between RRHs is 700 meter and the RRH minimum distance to the trails is 150m as shown in the figure below. 


Figure 2‑1HST-layout in FR1
For FR2 evaluation, companies shared different views on the configuration of the RRHs separation and minimum distance to the trail. In our views, although Alt 2-4 is suggested in a TR, the Dmin=5m value is too small, which will make the beam planning (e.g., SSB beams) in FR2 a bit tricky. Also, due to the same reason, the ratio of Ds/2 to Dmin should not be too large. In this regard, we think Alt 2-3 is a balanced configuration.
	Conclusion #3: 
· TRP layout for HST evaluation for both FR1 and FR2
· TS 36.101 Annex B.3A
· FR1: Ds=700m, Dmin=150m
· FR2:  Ds=200-300m, Dmin=30-50m



gNB antenna orientation
We think that bi-directional antenna orientation is feasible for both FR1 and FR2 deployments. Also, given the latest RAN4 WF on UE demodulation for HST-SFN where the test requirements are only defined for bi-directional antenna orientation [3], we support conclusion #4.
	Conclusion #4: 
· Use bi-directional as mandatory and uni-directional as optional gNB antenna orientation.



[bookmark: _Ref47459590]Channel model
The RAN4 4-taps channel model as described in TS 36.101 depends on the Line-Of Sight (LOS) assumption between the UE and the four RRHs which in our views may be not realistic for all the UEs inside the train. For example, users sitting at the window seats may have LOS to some but not of all the RRHs, while the users on aisle seats may have NLOS channel to all RRHs. On the other hand, this model may work well for relays on top of the train where it has LOS the four RRHs. In our views, it is fine to consider evaluations using the 4taps LOS model, however, the CDL-based multipath fading extension of the model should be adopted as additional baseline model for the evaluation. 
For the CDL extension, we are fine with CMCC-based channel model described in conclusion #5 which can be considered as the starting point. Also, for deployments of HST-SFN, the K-factor for the CDL channel models may need further study. Although the realistic channel for HST scenario would likely to have a LoS component, the characteristics of the LoS component (e.g., LoS probability, K factor, etc.) may depend on the specific environment. In TR 38.901, several recommended K factors are provided, i.e., for UMi, UMa, RMA, and InH. We think a further study is needed whether the HST-SFN channel can be represented by one of these cases or not. Regarding the number of RRHs, we think that the evaluation with the two RRHs channel model is reasonable as a start point. However, we should consider the CDL-based fading with 4 taps as well. For HST in-tunnel deployment of HST-SFN, there could be scenarios very similar to the HST layout discussed above where RRHs are deployed through fiber in tunnel environment.

	Conclusion #5: 
· Adopt RAN4 4-taps model based on TS 36.101 (Annex B.3A) / TR 36.878 as baseline / mandatory model
· Adopt CDL-based multipath extension from RAN4 model with 2 taps as additional/optional baseline model
· FFS: Modifications to K factor, possible modification of RRHs layout, in-tunnel extension, etc.



	CDL based channel model proposal for HST: 
Combination of the CDL channel model in TR38.901 and the 4-tap channel model in TS36.101 Annex B.3A could be considered. As illustrated in figure below, 2-tap channel model for simplicity could be assumed which is similar to RAN4’s 4-tap assumption in order to reflect the characteristic of SFN-based transmission, and for each tap, CDL channel model in TR38.901 could be used to model the effect of the directional antenna of gNB.
· The delay for k’th TRP is modified as`

where  [image: ] is the delay of k’th TRP, which can be derived as

where  is the delay of the n’th channel cluster as in Table 7.7.1-1~7.7.1-5 in 38.901, and assume the location of the k’th TRP is xk, and the UE’s location is y(t).
The delay spread for different TRPs could be modelled differently..
· The normalized power for k’th TRP is modified as 

FFS: Use of 3D distance for calculation of  Pk
· To generate the modified angle parameters, the scaling method mentioned in subclause 7.7.5.1 in TS 38.901 is used

where  could be assumed, and  of the k’th TRP is the AOD, AOA, ZOD and ZOA of LOS direction derived based on the locations and antenna heights of UE and TRPs.
FFS: Further clarifications to  and 
[image: ]
Fig. 1. Simplified and updated HST-SFN channel model for evaluation
The gNB antenna boresight could direct to the middle point on the railway between two TRPs. CDL-D and CDL-E channels models are recommended for evaluations.



Baseline scheme for comparison 
The main objective of this work item is to improve the HST-SFN deployment over previous deployment based on Rel-15 SFN. In our views, it is natural to have Rel-15 SFN as the baseline for comparison. However, other schemes such as dynamic point selection (DPS) and Rel-16 M-TRP can be used optionally for comparison as well. We are supportive of the offline conclusion #6.
	Conclusion #6: 
· Rel-15 SFN is used as the baseline for comparison
· Performance comparison with other schemes (e.g., Rel-16 URLLC, DPS, etc.) can be also provided.


Detailed simulation assumptions
The detailed simulation assumptions for FR1 and FR2 based on the offline discussion is summarized in the table Table 1 in the appendix. The assumptions are detailed for three scenarios: TDD and FDD in FR1 and TDD in FR2. Given the similarity of the assumption between TDD and FDD and to reduce the simulations overhead, we think that TDD FR1 should be mandatory while FDD FR1 is optional. Our views on the detailed simulation assumptions is listed at the appendix 7.1.
TRP layout
For FR2, the RRH height of 35m does not look typical in FR2. RRH height as high as the train or slightly higher, in the range of 5-10m, would be more reasonable.
gNB antenna configuration
For FR1, the number of Tx antennas of gNB should more than 2 (4 or 8) and respectively the number of ports if we assume one-to-mapping of ports to antenna elements and TXUR. The PMI precoder for 2 ports will be very coarse and similarly the beamform gain will be very limited and beam bandwidth will be wide. Therefore, we believe that directional antenna should be used for gNB antenna modeling. Similar assumptions have been used in previous 3GPP study on HST [4]. Also, to align with the assumptions of gNB bi-directional antennas, a directional antenna would make more sense. It is not clear to us how it is possible to create bi-directional pattern per RRH using 2 omni Tx antennas at the gNB. 
For FR2, dual-polarized antenna arrays should be used at both gNB and UE sides. Considering the outdoor environment, the array size at gNB should be large enough, e.g., 128 antenna elements or higher per polarization, and up to 64 SSBs should be assumed. Note that, due to spatial beam steering using the antenna arrays, the FR2 gNB is bi-directional in nature. The proper FR2 gNB antenna configuration for in-tunnel deployment scenario would be different and it may need further study.

DMRS type
It is not clear to us the benefits of DMRS type 2 for high speed evaluation with 1+1+1 DMRS configuration which leads to high DMRS overhead of 6 symbols out of the 12 PDSCH symbols. 
MCS and number of RBs
To reduce the number of simulations requires, we think two RBs settings should be selected out of the proposed list of [4, 8, 10, 20, 25, 48, 50] RBs, e.g. 8RB and 48RBs. As the DL throughput is the primary metric for evaluating the HST-SFN enhancement, it makes sense to consider the adaptive MCS 

Propagation delay
As discussed in section 2.4, the extended CDL channel model should be mandatory for FR1.  
Other simulation assumptions
As the UE moves along the track inside the high-speed train, it is going to experience different channel conditions as each location in the track has a different Doppler shift from each TRP as well as different delay spread and relative power. It is recommended to study the throughput performance (with link adaption) at each point in the track. One common approach is to divide the inter-RRH distance (Ds) into different segments (e.g. =10 or 20) and then the throughput metric is evaluated at each segment location. For such approach, the SNR need to be defined for a certain location. We suggest performing the HST evaluating with different SNR values of 6, 12 and 18 dB.  This is illustrated at Figure 2‑2


[bookmark: _Ref47699945]Figure 2‑2: Segmentation of train track into N segments

Regarding the DL precoder, we suggest harmonizing the assumptions of the DL precoder across companies to facilitate comparing the results and get meaningful conclusions. The companies can select the DL precoder for either a per-RRH RBG-based precoder cycling or PMI-based type 1 codebook.

Regarding the single port TRS precoding, it could be transmitted with single port Tx considering one to one mapping between TXRU and antenna element. This, however, require directional radiation patten of the antenna element. The other option is using virtualization where the single port TRS is mapped to the 4 TXRU with some wideband precoder.

Last thing, we should consider real assumption on the time synchronization mismatch between the TRPs. Also, UE carrier-frequency error (CFO) should be considered in the evaluation. 

	Conclusion #8: 
· Consider the modelling of realistic gNB and UE processing including time mismatch between TRPs and UE residual CFO error.



PDCCH evaluation
During offline discussion, some companies shared their opinions on SFN PDCCH enhancement study. In our views, item 2d of HSF-SFN enhancement is mainly for PDSCH improvement and the gain of PDCCH may be marginal. Also, we think that PDCCH enhancement should be discussed under M-TRP item 2a. 
Conclusion #9: 
· RAN1 should focus the study on PDSCH enhancement.
· PDDCH enhancement should be discussed under item 2a.
Non transparent SFN 
The main challenges for high speed environment are the receiver capability to track Doppler shift with reasonable accuracy which in turn puts some limit on the quality of the channel estimation and secondly the inter-carrier interference (ICI) due to loss of orthogonality between the subcarrier. The scenario is even more challenging for HST-SFN deployment as shown in Figure 3‑1 where the SFN TRS that is used for time/frequency tracking of PDSCH has two components of Doppler shift with opposite signs. The Doppler profile is for mid-point between the RRH.




        
[bookmark: _Ref47465259]Figure 3‑1 Transparent SFN and Doppler profile at mid-point

Multiple QCL assumptions for PDSCH DMRS
Legacy UE which can only track the single Doppler shift may suffer severe performance degradation due to the imperfect frequency tracking and channel estimation especially time domain interpolation. To improve the performance of legacy UEs, multiple TRSs can be configured and associated with PDSCH DMRS to help the UE with the time/frequency tracking from each TRP. This can be achieved by extending the multiple TCIs framework to SFN such that DMRS of the SFNed PDSCH has multiple QCL source RSs.  This means the SFNed PDSCH has multiple TCI states that will enable the UE to estimate the Doppler shift from each TRP.  Two examples of such enhancements are shown in Figure 3‑2. The scheme on the left has two TCI states, where each TCI state has a QCL reference RS mapped to a non-transparent TRS. The other scheme on the right, however, provides a backward compatible approach with Rel-15 SFN. The DMRS of the SFNed PDSCH has also two QCL references, one of them TRS1 is transparent while TRS2 is non-transparent. It is worth mentioning that the UE in the later scheme is still capable of estimating the Doppler shift from each TRP transmission. 



       
[bookmark: _Ref47467290]Figure 3‑2 SFNed PDSCH with multiple TCI states

Observation 1: Non-transparent SFNed PDSCH scheme with two QCL references TRSs (SFNed TRS and non-transparent TRS) has the advantages of backward compatibility with Rel-15 SFN and also enables the UE with frequency/time tracking from each TRP. 
For transparent Rel-15 SFN, a UE with advanced receiver would be able to improve the DL performance by detecting the SFN mode and track the Doppler shift for strongest taps which enable proper interpolation of the channel estimation. We performed a single user link level study using the HST-SFN 2-taps channel model and compared the performance of three schemes: legacy UE with transparent SFN, DPS and non-transparent SFN (multiple TRSs and SFNed PDSCH) using ideal tracking. The simulation results at Figure 3‑3 are obtained with CNR = 10 dB at the reference track (min distance to the RRH). The detailed simulation assumption is listed at Table 2 in the appendix 7.1. As expected, there is significant performance improvement with non-transparent SFN as compared to Rel-15 transparent SFN. Also, the DPS scheme shows a performance loss due to the loss of one of TRPs as compared to SFN schemes. In real system evaluation, this loss may not be that big as the other TRP may be used to serve other UEs.
[image: ]
[bookmark: _Ref47620441]Figure 3‑3: TPUT comparison between transparent and non-transparent SFN and DPS at selected track locations
Also, we evaluated the average throughput across all the track segments for the three schemes and the results are described in Figure 3‑4. The gap between the baseline scheme (Rel-15 transparent SFN) to both DPS and non-transparent SFN gets larger at higher CNR due to poor channel estimation and tracking of the composite Doppler shifts. It is worth noting these results represent an upper bound as the effect or residual CFO error is not considered and the corresponding effect on Doppler shift estimation which will degrade the channel estimates quality.  

[image: ]
[bookmark: _Ref47620750]Figure 3‑4: average throughput vs CNR

Observation 2: Non-transparent SFNed PDSCH helps improving the DL throughput as compared to baseline Rel-15 SFN. The performance gap depends on DL SNR and it gets larger at higher SNR.
Proposal 1: To enhance DL performance in HST-SFN scenario, RAN1 should consider solutions of non-transparent SFNed PDSCH with multiple QCL assumptions of PDSCH DMRSs

Indication of Non-transparent SFNed PDSCH transmission
The introduction of multiple QCL/TCIs states for SFNed PDSCH is aligned with Rel-16 M-TRP discussion which supports two TCI states per TCI codepoint. Therefore, we believe a discussion is needed to differentiate between Rel-16 multi-TCI non-SFNed PDSCH (e.g. SDM, FDM and TDM) and multi-TCI SFNed PDSCH. In addition to this, the network may switch the transmission mode from SFNed to non-SFNed, as example a cell edge UE may require SFNed PDSCH to improve the coverage and as the UE moves to cell centre, the network may switch the transmission and schedule non-SFNed PDSCH. Therefore, dynamic indication of the scheduled PDSCH may be needed.
Observation 3: Non-transparent SFNed PDSCH with multiple QCL/TCI states is aligned with Rel-16 MTP PDSCH transmission schemes with two TCI states.
Observation 4: Network may dynamically indicate to the UE the scheduling of SFNed PDSCH versus non-SFNed PDSCH.
Proposal 2: RAN1 should discuss signalling options for the indication and differentiation between the non-transparent SFNed PDSCH and Rel-16 multi-TCI non-SFNed PDSCH.

Non-transparent SFNed PDDCH
Rel-15 SFN baseline is completely transparent to the UE including the PDCCH transmission. However, as RAN1 is discussing non-transparent SFNed PDSCH, the same concept can be extended to support non-transparent SFNed PDCCH. In such scheme, the PDDCH single port DMRS can be associated with two QCL references RSs that are associated with two TCI states. 
The single port PDDCH in high speed environment may not be that sensitive to Doppler shift as compared to multi-symbols PDSCH reception. In most scenarios, PDCCH is just one symbol and there is no need for time domain interpolation of the channel estimates as it is needed for PDSCH reception. That is why, we think that performance improvement of non-transparent SFNed PDCCH over Rel-15 baseline (SFN PDCCH) may not be that significant. However, we believe that non-transparent PDCCH is needed to enable the overall framework on non-transparent SFN in general. In some scenarios, the non-transparent PDDCH that scheduled non-transparent SFNed PDSCH may serve as indication of multiple QCL RSs and the TCI states of the PDSCH can be indicated by the PDDCH TCI filed in case TCI field is not present in the DCI. In particular, in FR2, indication of two TCI states, each of which has a QCL-TypeD RS, can assist UE’s Rx beam selection and provides additional multi-beam diversity and robustness against beam blocking events.
Observation 5: The performance improvement of non-transparent SFNed PDCCH may not as signification as non-transparent SFNed PDSCH and the delta improvement to SFNed PDCCH may be marginal.
Observation 6: Non-transparent SFNed PDCCH is needed for to enable the overall framework of multiple QCL/TCI of SFNed PDSCH.
Proposal 3: RAN1 should discuss signalling options for the indication and configuration of non-transparent SFNed PDCCH as well.

Non-transparent TRS
For the SFN CSI-RS/TRS  configuration, e.g. TRS at Figure 3‑5, the UE may not be able to determine Doppler shift and the proper Rx beam for the reception of SFNed CSI-RS/TRS.  In Rel-15/16, a single state TCI configuration with single QCL reference RS is used for each CSI-RS/TRS. To improve the UE reception of the SFN CSI-RS/TRS resource, two TCI states can be configured so that UE can determine proper Rx beam based on QCL Type D of each reference RS. Also, this helps with the UE to improve the time/frequency tracking based on the QCL Type A/C of the reference RSs. 


[bookmark: _Ref47517397]Figure 3‑5 Non-transparent TRS
Observation 7: In Rel-15/16, a single state TCI configuration with single QCL reference RS is used for each CSI-RS/TRS which doesn’t help the UE to determine the proper Rx beam for reception and to determine proper time/frequency estimation .
Proposal 4: introduce multiple QCL references RSs and TCI states for CSI-RS/TRS.

Doppler shift pre-compensation
Doppler shift pre-compensation is a network-based solution in which network determines the UE downlink Doppler shift frequency experienced from each RRH (e.g. by using the UE uplink signals) and then compensates DL transmission from each RRH by the corresponding Doppler frequency shift. This mechanism should help improving the DL throughput as theoretically, the received DL signal from each RRH should have almost zero Doppler shift and small Doppler spread as compared to no compensation scheme.
[bookmark: _GoBack]To get some understanding of the upper bound gain of such scheme, we did a link-level study with similar setup described earlier and detailed at  Table 2 in the appendix. We compared the performance of both non-transparent SFN and DPS with pre-compensation against their equivalent baseline without compensation. Figure 4‑1shows the simulation results at each track location with fixed CNR = 10 at reference point.
[image: ]
[bookmark: _Ref47723569][bookmark: _Ref47723564]Figure 4‑1: Throughput improvement with Doppler shift pre-compensation

Additionally, we evaluated the average throughput across track points with pre-compensation at different CNR and results are shown in Figure 4‑2 with ideal tracking loops and no residual CFO error. 
[image: ]
[bookmark: _Ref47723590]Figure 4‑2: Average throughput vs SNR

Observation 8: DL Doppler shift pre-compensation helps improving the DL performance; however, the throughput gain is sensitive to the accuracy of Doppler shift estimation and residual CFO error.
 
Procedure and indication DL Doppler shift pre-compensation
Figure 4‑3 shows an example of our views on the Doppler shift pre-compensation framework. Each TRP transmits the periodic DL TRS to enable the UE to estimate the Doppler shift for each link as UE inside the train moves along the train track. The network dynamically indicates to the UE whether the DL SFNed PDSCH is Doppler pre-compensated or not. And the UE can indicate to the network the estimated Doppler shifts of the DL transmission from each TRP. This is can done implicitly through the modulation of the center frequency of the UL transmission or explicitly as part of the CSI report. More details are discussed in section 4.2. Network can then pre-compensate the DL transmission per each TRP as well as indicates to the UE that DL transmission is pre-compensated. In FR2, the pre-compensation can be specific to a beam (e.g., SSB) per TRP.


[bookmark: _Ref47528374][bookmark: _Ref47687221]Figure 4‑3 Doppler Shift pre-compensation

[bookmark: _Ref47528681]UE indication of Doppler shift per-TRP
To enable Doppler shift pre-compensation, the two (or more) TRPs needs to konw from the UE UL transmission the DL doppler shifts estimated by the UE from the DL TRS(s). However, this requires having a common understanding between the network and the how the UE is modulating the center frequency of the UL transmission. If such enhancement proved to be beneficial and improve the DL performance, RAN1 should discuss how to specify the association and proper QCL assumptions between the UL signal (e.g. SRS, PUSCH) and the DL TRS(s). 
An alternative approach could be introduced where the UE explicitly report the Doppler shift as part of the CSI reporting to gNB. The current framework of CSI report triggering, and transmission can be utilized with an added report quantity of Doppler shift that the UE can estimate from the transparent DL TRS or SSB.
Proposal 5: The UE indication of  the DL Doppler shift can be done implicitly by the modulating the centre frequency of the UL transmission by the DL Doppler shift(s) or explicitly as part of the CSI report.

QCL between RSs with Doppler shift pre-compensation
One of the advantages of gNB Doppler shift pre-compensation is the reduction of the overall Doppler spread and also the almost symmetric profile of the Doppler spectrum as shown in Figure 4‑4.. This helps with improving the orthogonality between the subcarrier and reduces the ICI. Also, it improves the quality of the channel estimation. To keep the QCL relationship between the TRS and the DMRS reference signals, the gNB may also Doppler shift pre-compensate the RS source (i.e. TRS). 


[bookmark: _Ref47691052][bookmark: _Ref47721438]Figure 4‑4: Doppler spectrum with gNB Doppler shift pre-compensation
There are two issues with TRS pre-compensation. The first one is TRS overhead as two sets of TRS are needed. One set is pre-compensated and associated to DMRS, and the others is not. The UE needs non-compensated TRS to estimate the Doppler shift. The other issue, the pre-compensation breaks the Doppler shift QCL relationship between Doppler shift pre-compensated TRS and SSB. A similar scenario could happen between the DM-RS and CSI-RS/TRS if the NW only pre-compensated the PDSCH while keeping the CSI-RS/TRS uncompensated. 
Observation 9: Doppler shift pre-compensation may create TRS overhead as two sets of TRS may be needed; one set with Doppler shift pre-compensation and another one without compensation
Observation 10: QCL violation may happen with Doppler shift pre-compensation framework where target and source RSs may not have the same Doppler shift.
A new QCL type can be introduced which has loose QCL Doppler shift/spread relationship between the source and the target RSs. The source RS may have almost zero or very small Doppler shift/spread while the reference RS may have larger Doppler shift/spread. 
Proposal 6: Introduce new QCL type with loose Doppler shift relationship between the target and source RS.
 QCL relationship between UL and DL signals
Network may trigger UL signal or schedule UL channel targeting different TRPs. Therefore, the UL transmission may use different UL beam based on the associated QCL Type-D of the associated source RS (e.g. TRS or SSB). On top of this, for the framework of Doppler shift pre-compensation where the gNB estimate the Doppler shift from the UL signal or channel, the UE should know which DL TRS and the corresponding Doppler shift to use for the UL signal/channel modulation of the centre frequency. This can be achieved by defining specific QCL type for one of the DL TRS such that UE can leverage the Doppler shift obtained from that TRS for the UL signal transmission..
There will be discussion of the unified TCI framework under the beam enhancement work item. Based on the outcome of the discussion, the framework for determining multiple QCL assumptions and the associated QCL types can be further discussed for HST enhancement. 
Observation 11: The UL signal/channel with multiple QCL RS sources is beneficial for selecting UL beam targeting specific TRP. Further discussion based on the outcome of the unified TCI framework in item 1.
Observation 12: For multiple DL TRSs, the UE and gNB should have a common understanding on which TRS and the corresponding Doppler the UE should use for the modulation the centre frequency of the UL signal. 
Proposal 7: A specific QCL type for the source TRS should be used as an indication to the UE for the Doppler shift for modulating the UL signal.

Conclusion 
In this contribution, we presented our views on the EVM for the HST enhancement. Below is the summary of our conclusion on EVM. 
	Conclusion 1: 
	· LLS to be used for Rel-17 HST evaluations

	Conclusion 2: 
	· Define HST simulation assumptions for both FR1 and FR2
· FR1 and FR2 treated with equal priority 

	Conclusion 3: 

	· TRP layout for HST evaluation for both FR1 and FR2
· TS 36.101 Annex B3.A
· FR1: Ds=700m, Dmin=150m
· FR2: Ds=200-300m, Dmin=30-50m

	Conclusion 4: 
	· Use bi-directional as mandatory and uni-directional as optional gNB antenna orientation

	Conclusion 5
	· Adopt RAN4 4-taps model based on TS 36.1010 (Annex B.3A)/ TR 36.878 as baseline/mandatory model
· Adopt CDL-based multipath extension from RAN4 model with 2 taps as additional baseline model
· FFS: Modifications to K factor, possible modification of RRHs layout, in-tunnel extension, etc

	Conclusion 6
	· Rel-15 SFN is used as the baseline for comparison
· Performance comparison with other schemes (e.g., Rel-16 URLLC, DPS, etc.) can be also provided

	Conclusion 7:

	· Detailed simulation assumptions in Table 1 at appendix 7.1

	Conclusion 8:

	· Consider the modeling of realistic gNB and UE processing including time mismatch between TRPs and UE residual CFO error.

	Conclusion 9:

	· RAN1 should focus the study on PDSCH enhancement.
· PDDCH enhancement should be discussed under item 2a.



[bookmark: _Hlk23927392]We also discussed our high-level proposal for possible HST-SFN enhancement. Here is the summary of observation and proposals.
Observation 1: Non-transparent SFNed PDSCH scheme with two QCL references TRSs (SFNed TRS and non-transparent TRS) has the advantages of backward compatibility with Rel-15 SFN and also enables the UE with frequency/time tracking from each TRP. 
Observation 2: Non-transparent SFNed PDSCH helps improving the DL throughput as compared to baseline Rel-15 SFN. The performance gap depends on DL SNR and it gets larger at higher SNR.
Observation 3: Non-transparent SFNed PDSCH with multiple QCL/TCI states is aligned with Rel-16 MTP PDSCH transmission schemes with two TCI states.
Observation 4: Network may dynamically indicate to the UE the scheduling of SFNed PDSCH versus non-SFNed PDSCH.
Observation 5: The performance improvement of non-transparent SFNed PDDCH may not as signification as non-transparent SFNed PDSCH and the delta improvement to SFNed PDDCH may be marginal.
Observation 6: Non-transparent SFNed PDCCH is needed for to enabe the overall framework of multiple QCL/TCI of SFNed PDSCH.
Observation 7: In Rel-15/16, a single state TCI configuration with single QCL reference RS is used for each CSI-RS/TRS which doesn’t help the UE to determine the proper Rx beam for reception and to determine proper time/frequency estimation.
Observation 8: DL Doppler shift pre-compensation helps improving the DL performance; however, the throughput gain is sensitive to the accuracy of Doppler shift estimation and residual CFO error.
Observation 9: Doppler shift pre-compensation may create TRS overhead as two sets of TRS may be needed; one set with Doppler shift pre-compensation and another one without compensation
Observation 10: QCL violation may happen with Doppler shift pre-compensation framework where target and source RSs may not have the same Doppler shift
Observation 11: The UL signal/channel with multiple QCL RS sources is beneficial for selecting UL beam targeting specific TRP. Further discussion based on the outcome of the unified TCI framework in item 1.
Observation 12: For multiple DL TRSs, the UE and gNB should have a common understanding on which TRS and the corresponding Doppler the UE should use for the modulation the centre frequency of the UL signal. 
Proposal 1: To enhance DL performance in HST-SFN scenario, RAN1 should consider solutions of non-transparent SFNed PDSCH with multiple QCL assumptions of PDSCH DMRSs.
Proposal 2: RAN1 should discuss signalling options for the indication and differentiation between the non-transparent SFNed PDSCH and Rel-16 multi-TCI non-SFNed PDSCH.
Proposal 3: RAN1 should discuss signalling options for the indication and configuration of non-transparent SFNed PDCCH as well.
Proposal 4: Introduce multiple QCL references RSs and TCI states for CSI-RS/TRS.
Proposal 5: The UE indication of  the DL Doppler shift can be done implicitly by the modulating the centre frequency of the UL transmission by the DL Doppler shift(s) or explicitly as part of the CSI report.
Proposal 5: Introduce new QCL type with loose Doppler shift relationship between the target and source RS.
Proposal 8: A specific QCL type for the source TRS should be used as an indication to the UE for the Doppler shift for modulating the UL signal.
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Appendix
[bookmark: _Ref47458245]Detailed simulation assumption
[bookmark: _Ref47722472]Table 1: Detailed simulation assumptions for FR1/FR2
	Parameter
	FR1
	FR2

	Duplexing 
	FDD
	TDD
	TDD

	TRP layout (Ds, Dmin, etc)
	Ds=700m, Dmin=150m
For CDL based model – RRH height: 35m, UE height: 1.5m
 
	Alt 2-3: Ds=200-300m, Dmin=30-50m
RRH height: [5/10]m,
UE height: 1.5m

	gNB antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2],
one-to-one mapping between antenna elements and TXRUs
directional antenna (radiation pattern below)
Note: The results for other antenna configurations can be also provided
 
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2],
directional antenna
FFS: on parameters of antenna element
Note: The results for other antenna configurations can be also provided

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2]  or
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2], 
one-to-one mapping between antenna elements and TXRUs
omni-directional antenna
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2],
directional antenna
FFS: on parameters of antenna element

	DMRS type
	Mandatory: DM-RS type 1
Optional: DM-RS type 2

	Number of DMRS symbols
	1+1+1

	TDD pattern
	N/A
	DDDDDDDSUU, 
S: 6D 4G 4U
	DDDDDDDSUU, 
S: 6D 4G 4U

	MCS
	Baseline: MCS adaptation per each track location, optional: MCS 4/MCS 13/MCS 17 based on 64QAM table
Note: Companies can also provide results with MCS adaptation

	Number of scheduled RBs
	[8, 48]
	[8, 48]
	[8, 48]

	Propagation condition
	4-tap channel model (TS 36.101 (Annex B.3A) / TR 36.878 (RAN4))
Optional: CDL extension (CDL D/E, DS = 100ns)
	CDL extension 
(CDL D/E, DS = 20ns/30ns)

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern
Note: results for 20ms periodicity can be also provided

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

	Rank
	Rank 1
Optional: other ranks or rank adaptation
	Rank 1 or 2
Optional: other ranks or rank adaptation

	BW
	10 MHz or 20 MHz
	10 MHz or 20MHz
	20MHz or 50MHz or 80MHz

	Carrier frequency or maximum Doppler shift
	2GHz, 350kmph or 500kmph
	3.5GHz, 350kmph or 500kmph
	30 GHz
200 km/h or 350km/h or 500km/h

	Performance metric
	Throughput; BLER

	Other assumptions or simulation parameters, e.g., correlation 
	1) SCS: 
· 30kHz
· 15kHz as optional
2) Note: precoding method should be provided by each company
	1) SCS: 30kHz
2) Note: precoding method should be provided by each company
	1) SCS: 120kHz
2) Note: precoding method and analog beamforming details should be provided by each company

	Downtilt Angle
	

	Azimut Angle
	 




	Radiation power pattern of a single antenna element for RRH
	Vertical cut of the radiation power pattern (dB)
	


	
	Horizontal cut of the radiation power pattern (dB)
	


	
	3D radiation power pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	8 dBi


LLS setup and simulation assumption

[bookmark: _Ref47723298]Table 2: LLS setup
	Parameter
	Value

	Frequency range - SCS
	FR1 (3.5GHz) – 30 KHz

	Channel
	HST-SFN 2 taps – nonfading 

	Doppler
	v = 500 km/hr

	Num Tx_Ant at gNB
	4 antennas per RRH – omni antenna

	Num UE Rx_Ant 
	4 – omni antenna

	Num Layers 
	1 layer

	DeMapper
	MMSE

	DMRS symbols configuration
	Config Type-1 , 1+1+1

	MCS
	Link-adaptation 

	Num RBs
	36 RBs

	PRG size
	2

	Precoding
	Open Loop: Random precoder cycling per RRH – per PRG
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