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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 the first RAN1 102-e meeting, the focus was on the evaluation methodology as well as high level agreement on the possible enhancement techniques [2]. Following these agreements, we continue in this contribution the discussion with more details and share the evaluation results of the different proposed schemes. 
Non transparent SFN
SFN Transmission schemes
The different approaches for enhancing DL transmission of HST-SFN have been categorized into two different schemes as summarized in the agreement below. 
	Agreement
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




In this section, we first discuss the SFN transmission of the proposed two schemes and compare their performance in terms of DL throughput using the evaluation methodology and simulation assumptions in [2]. Then, we discuss the signalling and QCL configuration aspects.
SFN Scheme 1: non-SFN TRS and SFN DMRS
In this scheme, the TRS is transmitted in non-transparent manner from both TRPs to the UE. Two variation of the scheme is shown in Figure 2‑1. The picture to the left is TRP specific TRS where each TRP sends a specific TRS. The picture to the right represents a backward compatible enhanced SFN scheme 1 where the first TRS (TRS1) is transmitted in SNF manner from both TRS while TRS2 is transmitted from single TRP. The latter scheme helps the network to serve mixture of Rel-17 UE that are capable of the reception of enhanced SFN scheme 1 and legacy UE that can support only legacy (Rel-15) SFN transmission. 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 2‑1 Scheme 1 with non-SFN TRS
SFN Scheme 2: non-SFN TRS and DMRS
In this scheme, to improve the DM-RS channel estimation, the DM-RS is transmitted in non-SFN manner from each TRP. However, the expected improvement comes with the cost of extra DMRS overhead as the number of DMRS ports need be at least doubled (e.g. two TRPs scenario).  Two variation of the scheme is shown in Figure 2‑2 with the assumption of Rank-1 DL transmission. The picture to the left is TRP specific TRS and DMRS where each TRP sends its own TRS and DMRS port(s). The picture to the right represents a backward compatible enhanced SFN scheme 2 where the first TRS (TRS1) and DMRS port 0 are transmitted in SNF manner from both TRPs while TRS2 and DMRS port 1 is transmitted from only one TRP. 



            
[bookmark: _Ref54376096]Figure 2‑2: Scheme 2 with non-SFN TRS and non-SFN DMRS
Evaluation results
In our evaluation, we considered system BW of 20MHz with 50RB allocation. The DL precoder is random precoder cycling per each TRP with PRG = 2RB. We considered both channel models; 4-taps channel with 2 ports per each TPR and extended CDL channel with 8 ports. The UE is assumed to have 4 ports and speeds of 500 km/hr. The complete list of simulation results are shown in Table 1 in the appendix.
First, we present the LLS results using 2-taps channel model where each TRP has two ports and the UE has 4Rx antenna. In Figure 2‑3, we compare the DL throughput performance of the proposed SFN schemes 1 and 2 at each track points. The simulation is done using link-adaptation with fixed rank-1 and rank-2 at fixed SNR = 12 dB. For the SFN scheme 2, we considered two scenarios for the mapping and transmission of the DMRS ports. The first scenario where the DMRS ports mapped to the same PDSCH layer are transmitted using different CDM groups, which is equivalent that having a separate DMRS CDM group to each TRP. The second scenario, where the DMRS ports mapped to the same PDSCH layer are transmitted using the same CDM group. The latter approach has the same DMRS overhead as compared to scheme 1 when only single PDSCH layer is scheduled as it allows for FDMing PDSCH at the non-used DMRS resources. For the scenario of two layers, scheme 2 has extra DMRS overhead (roughly 16.7%) as compared to scheme-1 which results into lower achieved throughput. The DMRS ports mapping are shown in Figure 2‑4.
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[bookmark: _Ref54261896]Figure 2‑3: Rank-1 (left figure) and Rank-2 (right figure) comparing the two candidate SFN schemes at the different track point and SNR = 12 dB
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[bookmark: _Ref54376268][bookmark: _Ref54376278]Figure 2‑4: DMRS port mapping where left picture shows the FDM of PDSCH and DMRS and right picture shows full utilization of DMRS symbols of both CDM groups

It is clear from the results that due to the DMRS overhead of SFN scheme 2 with different CMD group, its performance lacks SFN scheme-1 for both rank-1 and rank-2. Meanwhile, SFN scheme-2 with same DMRS overhead as scheme 1 (DMRS ports are on same CDM group) achieves similar performance to scheme 1.
Observation 1: Scheme 2 with DMRS ports mapped to different CDM groups suffer from extra DMRS overhead as compared to scheme 1 which results into lower DL throughput. 
Observation 2: Scheme 2 with DMRS ports mapped to same CDM group has same DMRS overhead and achieves same performance as scheme 1 only rank 1.
Next, we compare the performance of both candidate schemes at fixed track location (mid-point) with different SNR values. The results are shown in Figure 2‑5 where we limited scheme-2 to the scenario of different CDM group.
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[bookmark: _Ref54264713]Figure 2‑5: Rank-1 (left) and rank-2(right) evaluation results for candidate schemes at mid-point with different SNR
From the results, it is clear that SNF scheme 1 outperforms scheme 2 for both rank 1 and rank 2 PDSCH transmission.
Observation 3: Scheme 1 outperforms scheme 2 (with different CDM group per TRP) at mid-track point for the different SNR.
A similar study is done using the extended CDL-D 100ns channel model. The simulation parameters are summarized in Table 1 in the appendix where each TRP is assumed to have 8 ports. In these simulations, we used fixed MCS instead of MCS adaptation just to show variety of results. For rank-1, we compared scheme 1 (blue curve) against scheme-2 with both scenarios of DMRS port mapping (green and red curves). For rank-2, we compare SFN scheme-1 versus SFN scheme-2 with different CDM groups for the DMRS. The results are shown in Figure 2‑6.
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[bookmark: _Ref54266456]Figure 2‑6: Fixed MCS comparison between SFN schemes using the extended CDL-D channel model at mid-track point
Using fixed MCS gives some insight on the advantages of SFN scheme-2 when different DMRS CDM groups are used. As shown in the figure, the red curve has better performance that scheme-1 (bule curve) and scheme-2 (green) with same DRMR CDM group. However, due to the extra DMRS overhead, this gain does not show up in the real deployment with link-adaptation. 
Observation 4: Fixed MCS results in CDL-D extended channel model shows the trade-off between the candidate SFN Scheme.
Based on the results and the analysis, we believe SFN scheme 1 should be selected over SFN scheme 2 as it achieves better or similar performance to scheme-2 and does not require the extra DMRS overhead.
Proposal 1: Support SFN scheme 1 with SFNed DMRS and non-SFN TRS.
Signalling and configuration aspects for SFN scheme 1
In the last RAN1 102e meeting, it was agreed to study the following aspects for the introduction of the candidate SFN schemes. Based on the evaluation results, we will limit the discussion to only SFN scheme 1.
	Agreement
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




Target channel
In analogy to PDSCH, the non-transparent SFN scheme 1 can be applied to support non-transparent SFNed PDCCH. In such scheme, the single port DMRS of the PDDCH can be associated with two QCL references RSs that are associated with two TCI states. Although the expected 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. In some scenarios, the SFNed PDDCH that scheduled non-transparent SFNed PDSCH may serve as indication of multiple QCL RSs where the TCI states of the PDSCH can be indicated by the PDDCH TCI filed in case TCI field is not present in the DCI.From a different aspect in FR2, the 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. So, it is recommended to target the SFN enhancement for both PDSCH and PDCCH. 
However, since Rel-17 FeMIMO agenda 8.1.2.1 is also considering PDCCH reliability enhancement, it is better to hold the discussion on the signalling and configuration details for PDCCH till some progress is made on the other work item that provides more clearance for HST-SFN work item. 
Observation 5: Non-transparent SFNed PDCCH is needed for to enable the overall framework of multiple QCL/TCI of SFNed PDSCH.
Proposal 2: Support both PDSCH and PDCCH as the target DL physical channel based on SFN scheme 1 with SFNed DMRS and non-SFN TRS.
Proposal 3: Hold on the discussion of the PDCCH till the FeMIMO sub-agenda (8.1.2.1) on PDDCH reliability enhancement makes progress.
Multiple QCL assumptions for PDSCH DMRS
Rel-16 already introduced a TCI framework where a single TCI codepoint indicates two TCI states for M-TRP. We believe that we can leverage the same TCI framework for the indication of the two TCI states for SFN scheme 1. Similar to current 3gpp specification, each TCI state contain parameters for up to two QCL relationship between the TRSs and the DM-RS ports of PDSCH. The first QCL is Type-A and the second optional QCL is Type-D. This configuration is illustrated in Figure 2‑7


[bookmark: _Ref54269350]Figure 2‑7: Multiple QCL assumption for DMRS
Regarding the support of more than two TCI states, it depends on the practical deployment and how many TRPs can transmit the PDSCH in SFN manner. We believe that further analysis and justification is needed to show the need to extend beyond two TRPs.
Proposal 4: Leverage Rel-16 TCI framework for the indication of two TCI states using a single TCI codepoint.
· Each TCI codepoint can be configured with up-to 2 QCL types; QCL Type A + Type D (optional) 
Proposal 5: Further analysis and justification is needed for the support of more than 2 TCI states.

Indication of Non-transparent SFNed PDSCH transmission
The introduction of multiple QCL/TCIs states for SFNed PDSCH scheme 1 is aligned with Rel-16 M-TRP discussion which supports two TCI states per TCI codepoint. Therefore, there is a need to differentiate between Rel-16 multi-TCI non-SFNed PDSCH (SDM, FDM and TDM schemes) and multi-TCI SFNed PDSCH scheme 1. The differentiation between the transmission schemes can be done based on combination on semi-static (higher layers parameters) and dynamic indication. 
Proposal 6: Support the introduction of higher layer parameter to differentiate between SFN scheme 1 and Rel-16 multi-TCI states TDM and FDM schemes.
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 (e.g. SDM or single TRP). Therefore, dynamic indication of the scheduled PDSCH may be needed.
Observation 6: Network may dynamically indicate to the UE the scheduling of SFNed PDSCH versus non-SFNed PDSCH.
Proposal 7: Support the dynamic indication and adaptation between SFN scheme 1, Rel-16 non-SFNed schemes, single TRP, and Rel-15 pure SFN scheme.

Non-transparent TRS
Although the main focus of Rel-17 for HST-SFN enhancement is based on distributed TRS. We believe that similar solution based on distributed SSB is possible. Considering a baseline with SFNed TRS and PDSCH at Figure 2‑8, 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 2‑8 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 8: Study the introduction of 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.
Evaluation results
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 1  in the appendix. We compared the performance of both candidate SFN schemes with Doppler shift pre-compensation against their equivalent baseline without compensation. Figure 3‑1 shows the simulation results at each track location with fixed SNR = 12 at reference point.  As a baseline, we consider the genie scenario where network can obtain the ‘exact’ doppler shift experienced by the UE from each TRP and assuming perfect time and frequency synchronization between the two TRPs. The simulation results is based on 2-taps channels with MCS link-adaptation and fixed rank-1 and rank-2. 
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[bookmark: _Ref54274566]Figure 3‑1: Rank 1 (left) and Rank 2 (right) SFN schemes comparison results with pre-compensation
As expected with idealstic assumption of time/frequency sycnrhonization and perfect pre-compnesation, Doppler shift precompensation helps improving the DL performance of both SFN schemes. However, the improvement gain of SFN scheme-1 is larger than SFN scheme 2 (w/ different CDM groups). This is expected as the advantages of scheme-2 vanishes when the effective DL channels don’t experience large different doppler shifts. 
Using the CLD-D 100ns extended channel model, similar compariosn beween the two SFN schemes assuming ideal pre-compensation and perfect frequency and time synrhonization between the two TRPs.  The results are shown in the Figure 3‑2 below. 
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[bookmark: _Ref54367261]Figure 3‑2: Evaluation results using CDL-D 100ns with DS pre-compensation

Then, considering non-perfect frequency synchronization, similar set of results are shown in Figure 3‑3. The first figure to the left shows the scenario where each TRP has a CFO of 0.01 ppm with temporal variation and figure to the right shows similar results with up to 0.05 ppm. 
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[bookmark: _Ref54367376]Figure 3‑3: Evaluation results with CFO and Doppler shift pre-compensation
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.
We believe the more thorough analysis is required considering the non-ideal pre-compensation, higher CFO and time synchrnoization.

Procedure and indication DL Doppler shift pre-compensation
Different procedures have been proposed by the companies in the last meeting.  A general multi-step procedure is summarized in the agreement below. 
	Agreement
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. 




Figure 3‑2 shows an example of our views on the Doppler shift pre-compensation framework. In this example, we consider SFN scheme 1 where TRS0 is SFNed TRS transmitted from both TRPs and TRS1 is a non-transparent TRS transmitted from TRP1 which is the primary TRP (UE closer to TRP1 than TRP2). The UE utilizes the single TRP TRS to run the FTL loop and estimate the Doppler shift. Also, the UE changes the center frequency of the UL transmission based on TRS1. This enables the network to pre-compensate the PDSCH from the second TRP (TRP2) by the delta of the frequency shifts observed at both TRPs. Then, the PDSCH reception will be pre-compensated and frequency shift aligned with TRS1. In this case, the network will differentiate between the SFNed TRS and the transparent TRS based on the QCL type. More details are discussed at section 3.3.2

 
[bookmark: _Ref54285467]Figure 3‑4 Doppler Shift pre-compensation
Signalling and configuration aspect
In the last RAN1 102e meeting, the following has been agreed related to the discussion of the signalling and configuration aspect for Doppler shift pre-compensation scheme.
	Agreement
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




[bookmark: _Ref47528681]UE indication of Doppler shift per-TRP
To enable Doppler shift pre-compensation, the two (or more) TRPs needs to estimate 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). 
The other approach is based on UE explicit reporting of 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 9: Support both options of  UE indication of  the DL Doppler shift which 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.
To decide or down select between the two-candidate approach, more discussion is needed to compare both candidate approaches on the accuracy of Doppler shift. The first option which is based on estimation of the Doppler shift from the UL signal (e.g. SRS) will have some error which will affect the quality of pre-compensation. The 2nd approach will have some error based on UE estimation and quantization and digitalization. The second aspect is the timeline for reporting which depends on how either how frequent UL signal is transmitted (e.g. 5 ms periodicity) or CSI reporting timeline. As the UE moves with high speed, there could be a difference between the Doppler shift used for pre-compensation and the actual Doppler shift experienced by the UE.
Proposal 10: Further study the accuracy of Doppler shift reporting and estimation for both options as well as the round trip timeline from the time TRS is transmitted to the time pre-compensated PDSCH is transmitted.
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 3‑3. 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 3‑5: 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 and the reference RS may not have the same Doppler shift/spread. Given the procedure explained by Figure 3‑2, the SFNed TRS should have a new QCL type (e.g. Type-E) to indicate to the UE that the Doppler shift/spread is not exactly the same as the PDSCH. The Doppler spectrum of the SFNed TRS and PDSCH have some common part of the spectrum (around fd1), that is why the UE should use the Doppler shift based on the transparent TRS1 which has QCL Type A.
Proposal 11: Introduce new QCL type-E 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 12: 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.

Adaptive PDSCH DMRS configuration 
Current specification assumes usage of fixed pilot patterns which are defined by DMRS parameters that are RRC configured per UE. Any change in DMRS configuration parameters can be done only through RRC reconfiguration. RRC reconfiguration is a non-synchronous process that also typically involves a high latency till reconfiguration process is over. During the reconfiguration period there is an uncertainty on the NW side regarding the configuration that is currently used by a UE. For this reason, there is no practical way to convey RRC reconfiguration (DMRS adaptation) “on the fly” without introducing some link interruption.
Channel estimation accuracy depends on the level of correlation of the channel in time and frequency, working SNR point of a UE and on the used for chest 2D pilot grid option. Channel parameters and SNR conditions are different for different UEs and are also varying in time. Different channel and SNR conditions require different pilot configuration option to maximize spectral efficiency of a link per UE. Hence, using a fixed pilot configuration in the NW requires to trade off in advance between average pilots overhead and UEs performance. As a result, in some cases extra resources are wasted for unnecessary pilots while in other cases UE performance is floored because of non-appropriate pilot configuration. 
On contrary, Adaptive DMRS approach will allow to dynamically follow an optimal tradeoff between an improved channel estimation ability versus reduced DMRS overhead (can be translated into increased redundancy of the channel code for a better reliability or to an increased TPUT/TB size alternatively). 
Using adaptive DMRS configuration per UE per slot (or some number of slots) to keep it aligned with a varying channel (Doppler and delay spread) and UE reception conditions (SNR) can provide a significant link performance improvement for both DL and UL. DMRS configuration adaptation can improve both coverage and rate over range characteristics in the network and UE mobility.
Adaptive DMRS in HST scenario
HST scenario brings with it an extremely high mobility with extreme range of applicable Doppler shifts and Doppler spread characteristics of the channel.  This in turn results in a critical need to use a convenient DMRS pattern in order to allow a reliable and efficient link. Correspondingly, the potential link efficiency improvement that can be achieved with DMRS adaptation is especially high for HST scenario (for both DL and UL). 
HST SFN type of deployment involves multi TRP transmission in DL. Multi TRP transmission results in even a higher delay spreads and Doppler spreads for the equivalent channel that degrade channel time and frequency coherency characteristics. Doppler pre-compensation for at least one of the TRPs is suggested as one of the possible approaches to mitigate the issue of Doppler spread deterioration for HST SFN scenario. 
Assuming Doppler-shift pre-compensation is applied by the network, the resulting equivalent channel will be ideally translated to single TRP HST channel (that may still gain from DMRS adaptation depending on the channel modeling assumptions). Pre-compensation accuracy and tracking ability as well as its applicability limitations are yet to be studied. Non compensated HST SFN case and pre-compensated HST SFN case are eventually considered as two different scenarios for DMRS adaptation and each one of them will be associated with a different most convenient DMRS configuration option for the same use case geometry and the same channel and reception conditions characteristics. 
DMRS adaptation in DL is suggested to be done with UE assistance. The most convenient DMRS configuration option can be determined by a UE targeting maximization of the link efficiency for a given estimated channel and SNR characteristics (for example: doppler spread, doppler shift, delay spread, SNR) and reported to the NW as a part of or coupled to CSF reporting and evaluation. In some cases, DMRS indication may be provided by a UE per TRP. 
Evaluation results
HST SFN scenario with and without Doppler shift pre-compensation can be considered for results evaluation. CDL-A channel type has only few dominating clusters in its channel profile and these dominating clusters can be addressed in correspondence to two TRPs in HST SFN scenario without Doppler shift pre-compensation. Comparative throughput results for different DMRS options with CDL-A channel assumption and for different UE speed options are provided below and can be addressed as a realistic reference of HST SFN scenario without Doppler shift pre-compensation. 
CDL-D channel in conjunction with a frequency tracking loop on the receiver side (that mitigates an equivalent Doppler shift) is addressed as a representative case for HST SFN scenario with Doppler shift pre-compensation. Comparative throughput results for different DMRS options are provided below for this scenario as well and for several UE speed options. 
Upper bound for performance gain that can be achieved with DMRS adaptation for the mentioned above scenarios is shown using relative comparison of maximal achievable TPUT with different tested DMRS configurations per addressed scenario.. The addressed DMRS configurations are based on configuration type 1 with 1 front loaded DMRS symbols plus optional additional DMRS symbols. Please note that the throughput per each SNR point is normalized by the max throughput achievable with the best DMRS option among the tested options. 
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Figure 4‑1 Performance of different DMRS configurations at 60 kmh (reference for HST SFN scenario without Doppler shift pre-compensation)
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Figure 4‑2 Performance of different DMRS configurations at 200 kmh (reference for HST SFN scenario without Doppler shift pre-compensation)
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Figure 4‑3 Performance of different DMRS configurations at 350 kmh (reference for HST SFN scenario without Doppler shift pre-compensation)
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Figure 4‑4 Performance of different DMRS configurations at 500 kmh (reference for HST SFN scenario without Doppler shift pre-compensation)
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Figure 4‑5 Performance of different DMRS configurations at 200 kmh (reference for HST SFN scenario with Doppler shift pre-compensation)
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Figure 4‑6 Performance of different DMRS configurations at 350 kmh (reference for HST SFN scenario with Doppler shift pre-compensation)
(*) - Jitter of the curves is related to simulated SNR and MCS resolution
(**) Ideal rank and MCS adaptation per SNR point per DMRS option (RI=1,2 is addressed), random precoding
It can be seen that, for different scenarios and SNR ranges, a different DMRS configuration option (color) hits 100% of the max relative TPUT (becomes to be the best option among the 4 tested options). Relative degradations of different DMRS configuration options for every SNR point can be also observed. This clearly shows a significant value in DMRS adaptation.
In addition, it can be observed that for scenarios where Doppler shift pre-compensation is assumed (CDL-D channel-based results), typically 1 or 2 DMRS symbols would be the most appropriate choice for any UE speed scenario.  For scenarios without Doppler shift pre-compensation (CDL-A channel-based results), a higher number of DMRS symbols typically would be required depending on UE speed assumption. 
Observation 13: The best DMRS configuration pattern depends on different channel characteristics including Doppler (coupled to a UE speed) and SNR conditions which can be estimated at the UE.
Observation 14: HST SFN scenarios with and without Doppler shift pre-compensation will typically have a different optimal DMRS configuration choice. 
Proposal 13: Introduce a UE assisted DMRS adaptation for DL, in which UE provides an indication of the most convenient DMRS configuration option per estimated channel and SNR conditions
Proposal 14: Introduce a new mechanism for dynamic DMRS configuration signaling to enable DMRS adaptation. 
SRS for Doppler estimation in UL 
Knowledge of Doppler characteristics for both DL and UL channel is very important for several components and algorithms of a cellular network to allow an efficient link maintenance (for example for Doppler pre-compensation with multi TRP, DMRS adaptation, link adaptation, beam management and others). 
Current specification does not allow Doppler reporting by a UE in general, but even if it would be allowed its applicability may be limited since in some scenarios there may be no Doppler reciprocity between UL and DL. An ability to estimate Doppler directly from UL signals that can guarantee Doppler knowledge on BS side would be beneficial for the NW.  
Doppler estimation is based on correlation measured between two pilot symbols. The following figures assume Rayleigh channel and depict the channel time correlation behavior (per channel tap) for different carrier frequencies and SCS.
[image: ]
According to the above figures, different time gaps between two pilot symbols that are used for time correlation measurements are required for reliable Doppler estimation for different deployment and UE speed scenarios.
Observation 15: Different spacing between 2 pilot symbols would be required for reliable Doppler measurements for different SCS and different carrier frequencies 
UL has only two pilot types that may have more that single symbol pattern in time domain and may be considered as a basis for Doppler estimation in UL – UL DMRS and SRS. 
Time domain pattern of UL DMRS is based on a combination of explicitly RRC configured DMRS parameters (like a number of DMRS locations) and additional implicitly signaled by the allocating DCI parameters (like PUSCH allocation duration). A combination of explicit and implicit parameters defines time domain pattern of DMRS per allocation. At least 2 DMRS symbols should be configured to allow DMRS based Doppler estimation. Different configuration options and allocation scenarios may result in a different time domain pattern varying from allocation to allocation that may be not appropriate for Doppler estimation based on DMRS symbols (not convenient and not persistent time gap).
Observation 16: UL DMRS based Doppler estimation is very limited and may not fit for all the scenarios
Current Rel-16 spec enables up to 4 SRS resource/port repetitions on 4 consecutive SRS symbols and allows only too small-time gap between two SRS symbols that cannot guarantee a reliable Doppler estimation. Addressing two symbol combination of SRS resources from different SFs allows only too high SRS symbols spacing in time (not appropriate for reliable Doppler estimation in most of the scenarios). 
Observation 17: SRS signal according to R16 spec is merely convenient for Doppler estimation in some selected cases only.
In order to obtain a reliable Doppler frequency estimation for UL in any scenario, we suggest introducing a new option for SRS waveform, which includes two none-consecutive SRS symbols carrying an identical signal with configurable time gap between the symbols locations.
[image: ]
Proposal 15: Introduce new SRS pattern for UL Doppler estimation purpose, comprised of two non-consecutive SRS symbol repetition with configurable time gap between the symbols 
For proper Doppler estimation, the transmitted signal properties should be maintained during the two non-consecutive SRS symbols, i.e., same antenna port, same QCL, same resources, same UL power and transmission phase continuity should be maintained. 
Observation 18: UE transmission phase continuity might be influenced by UL-DL switching and by UL power modification between non-consecutive SRS symbols. 
Proposal 16: SRS allocation for Doppler measurements should not be time or intra-band-CC frequency multiplexed with any UL or DL channel

Conclusion 

Observation 1: Scheme 2 with DMRS ports mapped to different CDM groups suffer from extra DMRS overhead as compared to scheme 1 which results into lower DL throughput. 
Observation 2: Scheme 2 with DMRS ports mapped to same CDM group has same DMRS overhead and achieves same performance as scheme 1 only rank 1.
Observation 3: Scheme 1 outperforms scheme 2 (with different CDM group per TRP) at mid-track point for the different SNR.
Observation 4: Fixed MCS results in CDL-D extended channel model shows the trade-off between the candidate SFN Scheme.
Observation 5: Non-transparent SFNed PDCCH is needed for to enable the overall framework of multiple QCL/TCI of SFNed PDSCH.
Observation 6: Network may dynamically indicate to the UE the scheduling of SFNed PDSCH versus non-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. 
Observation 13: The best DMRS configuration pattern depends on different channel characteristics including Doppler (coupled to a UE speed) and SNR conditions which can be estimated at the UE.
Observation 14: HST SFN scenarios with and without Doppler shift pre-compensation will typically have a different optimal DMRS configuration choice. 
Observation 15: Different spacing between 2 pilot symbols would be required for reliable Doppler measurements for different SCS and different carrier frequencies 
Observation 16: UL DMRS based Doppler estimation is very limited and may not fit for all the scenarios
Observation 17: SRS signal according to R16 spec is merely convenient for Doppler estimation in some selected cases only.
Observation 18: UE transmission phase continuity might be influenced by UL-DL switching and by UL power modification between non-consecutive SRS symbols. 

Proposal 1: Support SFN scheme 1 with SFNed DMRS and non-SFN TRS.
Proposal 2: Support both PDSCH and PDCCH as the target DL physical channel based on SFN scheme 1 with SFNed DMRS and non-SFN TRS.
Proposal 3: Hold on the discussion of the PDCCH till the FeMIMO sub-agenda (8.2.1) on PDDCH reliability enhancement makes progress.
Proposal 4: Leverage Rel-16 TCI framework for the indication of two TCI states using a single TCI codepoint.
· Each TCI codepoint can be configured with up-to 2 QCL types; QCL Type A + Type D (optional) 
Proposal 5: Further analysis and justification is needed for the support of more than 2 TCI states.
Proposal 6: Support the introduction of higher layer parameter to differentiate between SFN scheme 1 and Rel-16 multi-TCI states TDM and FDM schemes
[bookmark: _Hlk23927392]Proposal 7: Support the dynamic indication and adaptation between SFN scheme 1, Rel-16 non-SFNed schemes, single TRP, and Rel-15 pure SFN scheme.
Proposal 8: Study the introduction of multiple QCL references RSs and TCI states for CSI-RS/TRS.
Proposal 9: Support both options of  UE indication of  the DL Doppler shift which 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 10: Further study the accuracy of Doppler shift reporting and estimation for both options as well as the round trip timeline from the time TRS is transmitted to the time pre-compensated PDSCH is transmitted.
Proposal 11: Introduce new QCL type-E with loose Doppler shift relationship between the target and source RS.
Proposal 12: 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.
Proposal 13: Introduce a UE assisted DMRS adaptation for DL, in which UE provides an indication of the most convenient DMRS configuration option per estimated channel and SNR conditions
Proposal 14: Introduce a new mechanism for dynamic DMRS configuration signaling to enable DMRS adaptation. 
Proposal 15: Introduce new SRS pattern for UL Doppler estimation purpose, comprised of two non-consecutive SRS symbol repetition with configurable time gap between the symbols 
Proposal 16: SRS allocation for Doppler measurements should not be time or intra-band-CC frequency multiplexed with any UL or DL channel
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Appendix

[bookmark: _Ref54265945]Table 1: Simulation setup and evaluation assumption
	Parameter
	FR1
	FR2

	Duplexing 
	TDD
	TDD

	TRP layout 
(Ds, Dmin, etc)
	Ds=700m, Dmin=150m
For CDL based model – TRP height: 35m, 
UE height: 1.5m
	Alt 2-3: Ds=200-300m, Dmin=30-50m
For Alt 2-3 TRP height is 20m
UE height: 1.5m


	TRP antenna configuration including number of antennas, pattern, ports, orientation, etc
	CDL based extension:
8 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 4, 2], antenna model in Table 5 in [2], 8-to-1 mapping is used to virtualize the 8 antenna elements in a column with fixed weight to form an antenna port

4-tap channel model: 
2 ports: omni-directional, MIMO matrix according to TS 38.101-4 (Annex B.1)

	CDL based extension:
2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2],
Antenna model in Table 5


	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	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 model in Error! Reference source not found.


	DMRS type
	Mandatory: DM-RS type 1

	Number of DMRS symb.
	1+1+1

	TDD pattern
	DDDDDDDSUU,
S: 6D 4G 4U

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table, MCS adaptation

	Number of scheduled RBs
	50

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

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

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 1, Rank 2


	BW
	20 MHz
	20MHz or 50MHz or 80MHz

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

	Performance metric
	Throughput

	Other assumptions or simulation parameters, e.g., correlation
	1) SCS: 30kHz
2) Random precoder cycling per PRG =2RB
	1) SCS: 120kHz
2) Note: precoding method and analog beamforming details should be provided by each company
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