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Introduction
In RAN1#102e meeting, following agreement was made. In this contribution, we discuss the enhancement of 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




QCL enhancement
In HST, the appropriate beam is changed quickly, due to UE’s movement, the important aspect of QCL enhancement is to improve the reliability. Since the large number of RRHs are deployed around the rail in SFN scenario, a UE would observe multiple appropriate beams across multiple RRHs at the same time (illustrated in Figure 2-1). 
Observation 2-1:
· In SFN with large number of RRHs in HST scenario, a UE would observe multiple appropriate beams across multiple RRHs at the same time 
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Figure 2-1 A UE observes multiple appropriate beams across multiple RRHs at the same time.

For PDCCH, Rel.15/16 specification only supports option 1 (illustrated in Figure 2-2). 
Option 1 (Rel.15): two CORESETs are configured and each CORESET has one QCL/TCI-state. DCI is received in either CORESET
Option 1 enables dynamic switching of TCI state, by selecting the CORESET. If gNB knows which TCI state is the best for UE, option 1 is possible. However, in HST scenario, the best beam is changed quickly, it would be difficult for gNB to know the best beam for always. Also, as mentioned in observation 2-1, multiple appropriate beams would be observed at a UE at the same time. However, Rel.15/16 only support single QCL/TCI-state for the DCI reception.
Hence, as enhancement for HST SFN, following option 2 can be considered (illustrated in Figure 2-2)
Option 2 (possible enh.): one CORESET has multiple QCL/TCI-states. DCI is received in the CORESET with multiple QCL/TCI-states
In option 2, DCI is received in the CORESET with multiple QCL/TCI-state. Even if beam quality of either QCL/TCI-state becomes lower, DCI can be received by the other QCL/TCI-state.
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Figure 2-2 Rel.15 and possible enhancement for PDCCH.

For PDSCH, Rel. 16 specification only supports option 1 as M-TRP of Non-Coherent Joint Transmission (NCJT) (illustrated in Figure 2-3). 
Option 1 (Rel.16): PDSCH of different MIMO layers are transmitted per each TRP
Similar as PDCCH, it is beneficial to consider the following option 2 for PDSCH as well. 
Option 2 (possible enh.): PDSCH of the same MIMO layers are transmitted per each TRP
In option 2, the same PDSCH can be transmitted with multiple QCL/TCI-states, hence the reliability can be enhanced.
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Figure 2-3 Rel.16 and possible enhancement for PDSCH.

Proposal 2-1:
· Consider QCL enhancement that the same DMRS port(s) for PDCCH/PDSCH can associate with multiple QCL assumptions

Enhancement for non-transparent SFN
In RAN1#102e, following agreements were made. Scheme 1 and Scheme 2 is non-transparent SFN, which means UE should identify TRSs and/or DMRSs are transmitted from different TRPs. 
	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


Based on the discussion in RAN1#102e meeting, Scheme 1 and Scheme 2 can outperform the performance of the transparent SFN, because TRP specific TRSs helps to estimate Doppler shift more accurately. Here, we should also consider the backward compatibility from Rel.15 TRS. Since NW should also supports Rel. 15 UEs, NW should transmits Rel.15 TRS with transparent SFN. If Rel.17 TRP specific TRS cannot be shared with Rel.15 TRS, TRS overhead of the TRP specific TRS is increased largely. 
Proposal 3-1:
· To support M QCLs per TRPs with non-transparent SFN, consider trade-off between the performance benefit and TRS overhead of following options.
· Opt.1: M TRSs are transmitted in TRP-specific / non-SFN manner.
· Note: TRS with transparent SFN is additionally needed to support Rel.15 UEs (i.e. total M+1 TRSs).
· Opt.2: M-1 TRS is transmitted in TRP-specific / non-SFN manner, and 1 TRS is transparent SFN.
· Note: the 1 TRS (transparent SFN) can be shared with Rel.15 UEs (i.e. total M TRSs)
For the target DL physical channels of the non-transparent SFN, as discussed in section 2, both PDCCH and PDSCH should be considered.
Proposal 3-2:
· For the target DL physical channels of the non-transparent SFN, enhancement of both PDCCH and PDSCH should be considered

Conclusion
In this contribution, we discussed the enhancements on HST-SFN deployment. Based on the discussion, we made the following observations and proposals.
Observation 2-1:
· In SFN with large number of RRHs in HST scenario, a UE would observe multiple appropriate beams across multiple RRHs at the same time 
Proposal 2-1:
· Consider QCL enhancement that the same DMRS port(s) for PDCCH/PDSCH can associate with multiple QCL assumptions
Proposal 3-1:
· To support M QCLs per TRPs with non-transparent SFN, consider trade-off between the performance benefit and TRS overhead of following options.
· Opt.1: M TRSs are transmitted in TRP-specific / non-SFN manner.
· Note: TRS with transparent SFN is additionally needed to support Rel.15 UEs (i.e. total M+1 TRSs).
· Opt.2: M-1 TRS is transmitted in TRP-specific / non-SFN manner, and 1 TRS is transparent SFN.
· Note: the 1 TRS (transparent SFN) can be shared with Rel.15 UEs (i.e. total M TRSs)
Proposal 3-2:
· For the target DL physical channels of the non-transparent SFN, enhancement of both PDCCH and PDSCH should be considered
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