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Introduction
In RAN1#103e meeting, following agreement was made. In this contribution, we discuss the enhancement of HST-SFN deployment.
	Agreement
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
At most two TCI states are supported for HST scenario in Rel-17
· FFS: Whether to support more than two TCI states for FR2
· FFS configuration/signalling details of the TCI states
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation




UE based solution
For UE based solution, following agreements were made in RAN1#102e meeting.
	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


The issue of bi-directional transparent SFN is that Doppler shift between +fD and -fD changes dynamically and frequently, due to the same DL signal coming from both direction of front and back. Uni-directional transparent SFN has much smaller Doppler shift change, due to the same DL signal coming from only one direction. However, the bi-directional SFN is more cost efficient from deployment perspective, because the smaller number of RRH is required to cover the same coverage of uni-directional SFN. Hence, Rel.17 HST SFN focuses on bi-directional SFN.
For the agreed in RAN1#102e meeting, both scheme 1 and 2 have TRP specific TRS resources, and hence each TRS resources only suffer Doppler shift from one direction. This enables to improve the performance of TRS reception because each TRS reception is equivalent to uni-directional SFN. Scheme 2 introduces additional TRP specific DMRS, the performance of DMRS reception also becomes equivalent to uni-directional SFN, although more DMRS overhead is required. 
Considering that the benefit of scheme 1 from transparent SFN is clear (i.e. NW can deploy bi-directional SFN, where the performance of TRS reception is the same as uni-directional SFN), at least Scheme 1 should be supported. For Scheme 2, some companies show evaluation results that Scheme 2 cannot outperform Scheme 1 due to the increase of DMRS overhead in Scheme 2. Unless Scheme 2 has clear performance gain, Scheme 2 should not be supported.
Proposal 1:
· For SFN based PDCCH/PDSCH transmission in HST, support scheme 1 as follows.  
· TRS is transmitted in TRP-specific / non-SFN manner.
· The same DMRS port(s) can be associated with multiple QCL/TCI. 
· Note: DM-RS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner.

NW based solution
For NW based solution, following agreements were made in RAN1#102e 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


In NW based solution, TRP is transmitted in TRP specific manner, and Doppler pre-compensation is applied for the transmission of PDCCH/PDSCH. In RAN1#102e meeting, multiple companies showed evaluation results that NW based solution outperforms UE based solution (i.e. Scheme 1/2). Although the evaluation assumption is different from the agreement in RAN1#102e, our companion research paper [2] also shows evaluation results that Doppler pre-compensation at each TRP can improve the DL throughput performance compared to dynamic TRP selection or no-cooperation between TRPs. Considering the performance benefit of NW based solution, NW based pre-compensation scheme should be supported in Rel.17.
To enable the Doppler pre-compensation, TRP needs to obtain Doppler information for each direction. Two options were agreed: Option 1 (implicit indication of the Doppler shift(s) using uplink signal(s)) and Option 2 (explicit reporting of the Doppler shift(s)). Both options requires additional specification support and NW implementation compared to the UE based solution. Hence, we believe the NW based pre-compensation scheme should be supported in addition to UE based solution (i.e. Scheme 1)
Proposal 2:
· For SFN based PDSCH transmission in HST, support NW based pre-compensation scheme, in addition to UE based solution (i.e. Scheme 1).
· Note: both NW based pre-compensation scheme and UE based solution (i.e. Scheme 1) should be supported, considering NW based pre-compensation scheme requires additional specification support and NW implementation of implicit Doppler shift indication by UL RS transmission or explicit Doppler shift reporting.

Conclusion
In this contribution, we discussed the enhancements on HST-SFN deployment. Based on the discussion, we made the following observations and proposals.
Proposal 1:
· For SFN based PDCCH/PDSCH transmission in HST, support scheme 1 as follows.  
· TRS is transmitted in TRP-specific / non-SFN manner.
· The same DMRS port(s) can be associated with multiple QCL/TCI. 
· Note: DM-RS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner.
Proposal 2:
· For SFN based PDSCH transmission in HST, support NW based pre-compensation scheme, in addition to UE based solution (i.e. Scheme 1).
· Note: both NW based pre-compensation scheme and UE based solution (i.e. Scheme 1) should be supported, considering NW based pre-compensation scheme requires additional specification support and NW implementation of implicit Doppler shift indication by UL RS transmission or explicit Doppler shift reporting.
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