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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last meeting, evaluation assumptions were agreed, as shown in [1]. In this contribution, we further discuss the potential enhancements for HST scenario, while analysis and evaluation results are also provided based on aligned evaluation assumptions.
Issues and potential enhancements
Multi-TRS based SFN transmission
In M-TRP based transmission, signals experience different channel properties from different TRPs, so multi-QCL assumption is beneficial, which can reflect channel varying between TRPs as in Figure 1.
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Figure 1. SFN scenario with different TCI states.
For multi-QCL assumption, multiple TRS resources should be transmitted from different TRPs. Considering the overhead of TRS resources, only one TRS resource is transmitted from each TRP, namely, TRP-specific TRS.
It is understood that UE can use delay spread to calculate filtering coefficients for channel estimation. When the channels from two TRPs are with different delay spread and propagation delay, it is beneficial to use the delay information from the two TRPs to generating the proper filter. In the following Figure 2, we show the gain of TRP-specific TRS configuration (Scheme-1 is assumed). It is obvious that the channel estimation performance is enhanced with multiple TRP-specific TRSs.
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Figure 2. Performance comparison between legacy SFN and TRP-specific TRS
Based on the discussion and evaluation results, we have the following proposal:
Proposal 1: Support TRP-specific TRS based SFN transmission in HST scenario, where channel estimation will be enhanced with the delay information from multiple TRSs.

As agreed in last meeting [1], there are two potential solutions for further study to facilitate multiple TRP-specific TRS based SFN transmission.
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
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

Scheme 1 and Scheme 2 mainly differs on DMRS transmission behaviors, i.e., DMRS is transmitted with SFN and non-SFN manner in Scheme 1 and Scheme 2, respectively. In the following, we analyze and compare the two schemes.
The Non-SFNed DMRS (i.e., as in Scheme 2) can enable the UE to estimate each channel from one TRP due to multiple orthogonal DMPRS ports. However, the PDSCHs from different TRPs are still mixed together, even if the channel information of different TRPs is estimated from DMRS. It means that the interference for PDSCHs from different TRPs cannot be mitigated for Non-SFNed DMRS ports. Thus, there is no obvious benefits for Scheme 2 with Non-SFNed DMRS, compared to Scheme 1 with SFNed DMRS.
Furthermore, using Non-SFNed DMRS ports in Scheme 2, the overhead of DMRS should be considered, which is multiple times from Scheme 1. Taking into account the DMRS overhead, the evaluation results for Scheme 1 and Scheme 2 are provided in Figure 3. As shown in Figure 3, Scheme 1 obviously outperforms Scheme 2. One reason is DMRS overhead of Scheme 2 is more than Scheme 1. Another reason is how to merge different channels calculate from DMRS ports for Scheme 2, there may be mismatch between DMRS estimation and PDSCH receiving by UE implementation.  
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Figure 3.Performance of scheme1&scheme2
Observation 1: In the evaluation, Scheme 1 (i.e., SFNed DMRS) obviously outperforms Scheme 2 (i.e., Non-SFNed DMRS) along the track in wide SNR region.
Based on the analysis and evaluation, we have the following proposal.
Proposal 2: Support Scheme 1, i.e., TRP-specific TRS associated with the same DMRS port(s), for HST scenario. 
Frequency pre-compensation for multi-TRP transmission
Potential solutions on frequency pre-compensation 
In addition to the multi-QCL assumptions to enhance the channel estimation, there is another issue need to be addressed, i.e., the frequency shifting for PDSCH transmission from different TRPs. The performance decrease rapidly due to the interference on each other from different TRPs. 
Note that it will not only affect SFN transmission, but also other multi-TRP transmission schemes, e.g. NCJT which could be used for higher ranks. Therefore, we need to enhance pre-compensation of Doppler shift considering these multi-TRP transmission schemes in HST scenarios. The following agreements for the frequency pre-compensation were made in last meeting.
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. 
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: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Following the agreement, the detailed procedure for Doppler shift pre-compensation is summarized as following shown in Figure 4:
1. UE first estimates the downlink frequency based on TRS to obtain. In Figure 4, we assume the frequency at UE side is aligned with the TRS from TRP 1, i.e., .
2. UE transmits SRS/PUSCH with the received frequency: . Then, the received frequency at TRP 1 is , and at TRP 2 is .
3. Then, gNB estimates the uplink frequency offset based on SRS/PUSCH, and pre-compensate the frequency offset for downlink transmission, based on one anchor TRP. 
As shown in Figure 4, the frequency offset between two TRPs is assumed as . 
For the DL transmission, TRP 2 could pre-compensate the offset value , i.e., transmit PDSCH/DMRS at frequency , but there is no any frequency compensation on TRP 1. That is, TRP 1 is assumed as the anchor TRP. Note that TRS would not be pre-compensated. 
At the UE side, UE will receive DMRS and PDSCH with no frequency offset, therefore no interference. Now, the center frequency from TRP 1 and TRP 2 with pre-compensation is .
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Figure 4. Frequency offset pre-compensation scheme for multi-TRP transmission
With frequency pre-compensation, TRP 2 would pre-compensate its frequency offset targeting at TRP 1, who is assume as anchor TRP for frequency. (Note that, for HST, especially when the UE moving on the railway, ideal backhaul is a typical and reasonable assumption where multiple RRH can be connected to the same base band unit.) With this procedure, the frequency offset between TRPs for PDSCH/DMRS would be eliminated. To support frequency compensation, there are two issues to be addressed: 1. how to obtain frequency shift from different TRPs; 2. how to define QCL assumptions in the frequency pre-compensation cases.
For the first issue, i.e., how to obtain the Doppler shift, both implicit and explicit reporting were discussed in last meeting. According the above procedure for pre-compensation, we can see that Doppler shift can be obtained implicitly by gNB implementation, i.e., in step (2), the two TRPs received frequency are  and , then in step (3), the frequency offset between two TRPs are pre-compensated with   for TRP 2 when TRP 1 is assumed as an anchor. Thus, Option-1 with implicit indication for Doppler shift can work well for frequency pre-compensation.
Then, for Option-2, i.e., explicit way to report Doppler shift, it is not necessary to explicitly report Doppler shift values due to implicit way (without reporting) already can work well. Furthermore, the quantization solutions for Doppler shift in reporting is also a big issue to be discussed for the explicit reporting.
Proposal 3: Support Option 1, i.e., implicit indication of Doppler shift, for frequency offset pre-compensation on PDSCH/DMRS. 
For the second issue, in the procedure of frequency pre-compensation, gNB and UE should align the understanding for which TRP is an anchor for frequency pre-compensation. For example, TRP 1 is assumed as an anchor for frequency, then frequency pre-compensation should be conducted on TRP 2, and the QCL assumption for Doppler parameters should be aligned with TRP 1. 
According to the current spec, the two QCLs from two TRPs both include Doppler shift information as in type A QCL relationship. Actually, after pre-compensation, the Doppler information is only aligned with TRS 1 from TRP 1, i.e., TRS 2 cannot be the source of QCL assumption for Doppler information to UE, since TRSs have not been compensated for UEs. 
Therefore the UE may mistakenly use the QCL information if with the QCL assumption in current spec. To address the issue, the QCL assumptions should be updated. One example is that a new QCL type is introduced for frequency pre-compensation cases, where the Doppler shift information in the TCI state is not present. Then TCI state 2 in Figure 5 can be replaced with this new QCL type and type A+new type are indicated to the UE for same DMRS port(s).
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Figure 5. Enhanced QCL relationship.
Proposal 4: A new QCL assumption needs to be introduced for frequency pre-compensation in HST since UE only track one TRS for Doppler information.
In the frequency pre-compensation, how to indicate which TRP is with frequency pre-compensation or which TRP is anchor for frequency pre-compensation to UE is also need to be defined to avoid the mis-alignment between gNB and UE. The UE need to know which TRP/TRS is for pre-compensation and which TRP/TRS should be the source for frequency tracking. As discussed above, the QCL information need to be indicated to UE for frequency pre-compensation, then the UE accordingly knows the receiving frequency should be aligned with TRP 1, i.e., , at the same time, the UL transmission frequency is also aligned with   (e.g. for TDD). So, the QCL like information can be used for indicating which TRP/TRS for frequency pre-compensation. 
Proposal 5: The information of which TRP/TRS for frequency tracking can be obtained from QCL indication.

Evaluation results for frequency pre-compensation 
In this section, we give detailed link-level simulation results for schemes discussed in previous sections, where the simulation assumptions can be found in Appendix A. 
From the Throughput curves in Figure 6, it can be observed that gNB with frequency pre-compensation can obviously improve the DL performance for HST scenario.  
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Figure 6: Performance of frequency pre-compensation
Observation 2: Multi-TRP transmission with gNB frequency pre-compensation can obviously improve the DL performance for HST scenario.  
Conclusions
Based on the above discussion, we have the following observations:
Observation 1: In the evaluation, Scheme 1 (i.e., SFNed DMRS) obviously outperforms Scheme 2 (i.e., Non-SFNed DMRS) along the track in wide SNR region.
Observation 2: Multi-TRP transmission with gNB frequency pre-compensation can obviously improve the DL performance for HST scenario.  
And also have the following proposals:
Proposal 1: Support TRP-specific TRS based SFN transmission in HST scenario, where channel estimation will be enhanced with the delay information from multiple TRSs.
Proposal 2: Support Scheme 1, i.e., TRP-specific TRS associated with the same DMRS port(s), for HST scenario. 
Proposal 3: Support Option 1, i.e., implicit indication of Doppler shift, for frequency offset pre-compensation on PDSCH/DMRS. 
Proposal 4: A new QCL assumption needs to be introduced for frequency pre-compensation in HST since UE only track one TRS for Doppler information.
Proposal 5: The information of which TRP/TRS for frequency tracking can be obtained from QCL indication.
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Appendix
Simulation assumptions
[bookmark: _Ref40286490]Table 1: Link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz 

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL-D

	TRP deployment
	Ds=720m, Dmin=120m, TRP height=35m, UE height=1.5m

	Antenna configuration
	8Tx 4Rx

	TRS periodicity
	10ms

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	24RB

	MCS
	MCS adaptation

	Rank
	2

	UE speed
	500km/h
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