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Introduction
In RAN1#102e, several agreements were made on the evaluation and methodology for HST-SFN deployment, in addition to a few more agreements that were made to help with categorizing the HST-SFN deployment proposals as well as specifying the scope of this WI. In this contribution we provide our views on these HST-SFN deployment proposals, more specifically we discuss the proposed TRS and DMRS transmission schemes, as well as the TRP-based frequency offset pre-compensation scheme. 
HST-SFN Deployment
In RAN1#102e [1], the following agreements were made for HST-SFN deployment:
	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

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



As shown in the agreements, two schemes were proposed for DMRS and TRS transmission under HST-SFN deployment: 
· Scheme 1: two TRSs sent from two TRPs, whereas the DMRS is sent in SFN manner from the two TRPs. 
· Scheme 2: Both the TRS and the DMRS are sent in a TRP-specific manner. 
Scheme 1 has less complexity and overhead due to using one DMRS port per PDSCH layer, however the decoding performance of the SFN PDSCH from both TRPs can be challenging due to using one DMRS port only to estimate the composite channel from both TRPs taking into account the large Doppler shift experienced from each TRP.  On the other hand, Scheme 2 has the advantage of better decoder performance since the channels from both TRPs can be estimated separately, at the expense of higher complexity and overhead due to using two DMRS ports per PDSCH layer. 
Scheme 1 has less complexity and overhead compared with Scheme 2, at the expense of worse performance
In addition, a TRP-based frequency offset pre-compensation scheme was also proposed, where the TRS from one of the TRPs is transmitted with a frequency offset pre-compensation based on a corresponding frequency offset observed through a received UL RS. Note that the frequency pre-compensation scheme could be needed in conjunction with Scheme 1 with a single DMRS port per PDSCH layer, since it helps align the frequency offset of the PDSCH data symbols received from both TRPs. On the other hand, frequency pre-compensation may not be as necessary in case Scheme 2 is adopted, since the use of TRP-specific DMRS can help coherently combine the received signals from both TRPs. Several challenges, however, are accompanied with the frequency offset pre-compensation scheme, as follows 
· The frequency offset pre-compensation scheme requires introducing new QCL types for the DL RS pairs, since applying a frequency offset to either the TRS or DMRS (or both) would incur changes to the Doppler characteristics of the DL RS, e.g., if the DMRS is transmitted with a frequency offset, it may not maintain Type A QCL relationship with the TRS or the CSI-RS. Having to introduce new QCL relationships between RSs will require more specification efforts for HST-SFN deployment
· Local oscillator errors can have detrimental impact on the frequency offset pre-compensation, leading to misalignment of the PDSCH symbols transmitted from both TRPs. 
· The frequency offset pre-compensation could be impacted by the delay incurred from the three-step approach which requires several slots for RS transmission and UE processing to determine the frequency offset correction value, in which the Doppler shift value may have already been changed. For example, when the UE is close to one TRP, the Doppler shift value is expected to undergo rapid change in the Doppler shift value, leading to errors in the Doppler shift estimate using the frequency offset pre-compensation scheme. In Figure 1 the Doppler shift value corresponding to one TRP (located at the 0th position) is plotted, compared with the UE distance, at Fc=30GHz, v=500km/h, (Ds,Dmin)=(300m.,50m.). In Figure 2 the Doppler shift value is plotted within the 50ms when the UE is closest to the TRP (time 0 corresponds to the UE being across the 0th position corresponding to distance Dmin to TRP). Note from Figure 2 that the Doppler shift value swiftly changes (in a linear fashion) by up to 1.9kHz within 50ms. Assuming the time incurred between Step 1and Step 3 of the frequency offset pre-compensation scheme is within this value (given the time needed for UE/network processing and RS transmission), the frequency offset pre-compensation, may not be accurate.
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[bookmark: _Ref54373152]Figure 1: Doppler shift value vs. distance from one TRP. 
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[bookmark: _Ref54374139]Figure 2: Doppler shift value vs. time. Time=0 corresponds to the instant in which the UE is across the TRP, i.e., distance to TRP is Dmin
The performance of the frequency offset pre-compensation can be strongly impacted with local oscillator errors as well as delays incurred by the three-step approach of that scheme, in addition to requiring new QCL relationship between DL RSs
In light of the above, although Scheme 1 may have less complexity compared with Scheme 2, the combination of both Scheme 1 and the frequency offset pre-compensation scheme would have higher aggregate complexity, in addition to possible frequency mismatch due to frequency offset pre-compensation errors. Therefore, we believe a variant of Scheme 2 would be a more efficient solution with respect to performance-complexity tradeoff.
Scheme 2 achieves a better tradeoff with respect to performance and complexity, especially when Scheme 1 is combined with the frequency offset pre-compensation scheme
1. Support Scheme 2 as a starting point for HST-SFN deployment
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[bookmark: _Ref47537823]Figure 3. HST deployment with a series of RRHs along the railway
One variant of Scheme 2 that achieves a reasonable tradeoff between performance and complexity is configuring the UE with two TRSs transmitted in a TRP-specific manner from both TRPs, which would enable estimating the Doppler shift from both TRPs. Note that only two TRSs suffice for all TRPs, since it is unlikely that more than two dominant TRPs (with respect to received SNR) will occur at the UE at any time. For instance, even-numbered RRHs would transmit TRS1 whereas odd-numbered RRHs would transmit TRS2, e.g., TRP0 (RRH0) and TRP2 (RRH2) in Figure 3 would utilize one TRS resource, whereas RRH1 and RRH3 would utilize another TRS resource. 
1. Support TRP-specific transmission of TRS resources 
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[bookmark: _Ref54362163]Figure 4: DMRS configuration across two RBs. Symbols in orange, green are transmitted from TRP1 and TRP2, respectively.  (a) DMRS symbols transmitted in FDM fashion across RBs. (b) DMRS symbols transmitted in FDM fashion within one RB
For the DMRS transmission, we believe TRP-specific DMRS transmission is a more convenient approach with better performance-complexity tradeoff compared with Scheme 1. However, instead of transmitting two DMRS ports per PDSCH layer and hence complicating the DMRS mapping with the PDSCH, one DMRS port can be used with the DMRS symbols being transmitted from the two TRPs in FDM fashion. An example of a Type-2 single-symbol DMRS configuration is shown in Figure 4, where the DMRS symbols corresponding to one DMRS port would be FDMed from both TRPs in FDM fashion across alternating RBs, as shown in Figure 4(a), or across alternating DMRS symbols within one RB, in Figure 4(b). This approach resembles FDM Scheme 2a under mTRP transmission, however only the DMRS symbols are FDMed, whereas the PDSCH data would still be transmitted in SFN manner. Under reasonable delay spread, the proposed DMRS transmission scheme is expected to have marginal impact on performance, compared with transmitting two DMRS ports per PDSCH layer. 
1. One DMRS port per PDSCH layer is transmitted from the two TRPs, with the DMRS symbols transmitted in FDM fashion from each TRP 
Note that two TCI states are needed to indicate the QCL relationship corresponding to the two DMRS symbol groups, with each group transmitted from one TRP. The two TCI states can be indicated via one TCI codepoint in the triggering DCI.
1. One TCI codepoint representing two TCI states is needed to indicate the QCL relationships corresponding to the two DMRS symbol groups transmitted from the two TRPs 
Also, it was discussed in RAN1#102e how the UE can differentiate between HST-SFN transmission and Rel. 16 mTRP non-SFN transmission. In our opinion, this can be achieved via RRC signaling to indicate the mTRP transmission scheme to the UE. Details are FFS. 
1. Use RRC signaling to differentiate between HST-SFN transmission and Rel. 16 mTRP non-SFN transmission
Also, it was suggested in RAN1#102e that the Doppler shift value corresponding to one (or two) TRP(s) is explicitly indicated to the network. We do not believe this is necessary under a variant of Scheme 2 of the HST-SFN deployment. Also, the means of reporting the Doppler shift value to the network need careful consideration. For instance, one alternative would be reporting the Doppler indicator as part of the CSI feedback, where an additional parameter representing a Doppler shift value is added to the reporting quantity of a CSI report. However, we believe such modification is beyond the scope of this WI, and instead should be deferred to AI 8.1.4, which is currently discussing CSI framework enhancements under mTRP transmission. In light of that, we believe explicit feedback of the Doppler shift values should not be considered.
Reporting the Doppler shift to the network via UL signaling may not be required in case Scheme 2 is adopted
1. Explicit reporting of the Doppler shift values to the network for the HST-SFN deployment should not be considered
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following observations:
1. Scheme 1 has less complexity and overhead compared with Scheme 2, at the expense of worse performance
1. The performance of the frequency offset pre-compensation can be strongly impacted with local oscillator errors as well as delays incurred by the three-step approach of that scheme, in addition to requiring new QCL relationship between DL RSs
1. Scheme 2 achieves a better tradeoff with respect to performance and complexity, especially when Scheme 1 is combined with the frequency offset pre-compensation scheme
1. Reporting the Doppler shift to the network via UL signaling may not be required in case Scheme 2 is adopted
Based on the observations above, we have reached the following conclusions:
1. Support Scheme 2 as a starting point for HST-SFN deployment
1. Support TRP-specific transmission of TRS resources
1. One DMRS port per PDSCH layer is transmitted from the two TRPs, with the DMRS symbols transmitted in FDM fashion from each TRP
1. One TCI codepoint representing two TCI states is needed to indicate the QCL relationships corresponding to the two DMRS symbol groups transmitted from the two TRPs
1. Use RRC signaling to differentiate between HST-SFN transmission and Rel. 16 mTRP non-SFN transmission
1. Explicit reporting of the Doppler shift values to the network for the HST-SFN deployment should not be considered
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