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Introduction
In the previous meeting, there were several agreements related to evaluation methodology and candidate enhanced schemes for HST-SFN deployment. The following shows agreements related to candidate enhanced schemes [1]. 
	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



In this contribution, we share LG’s view on candidate schemes and TRP-based frequency offset pre-compensation for enhancements on HST-SFN deployment.
Discussion
Enhanced schemes
Based on the previous agreements, two candidate schemes were identified, i.e., scheme 1 and scheme 2. Scheme 1 has lower DMRS overhead compared to scheme 2. But a UE supporting scheme 1 has to support capability of channel estimation using two different QCL reference RSs to estimate SFNed channel, and this will cause higher UE complexity compared to scheme 2. Scheme 2 has higher DMRS overhead than scheme 1 because each transmission layer is mapped to multiple different DMRS antenna ports. But a UE supporting scheme 2 does not need higher UE capability for channel estimation because the UE can obtain SFNed channel by combining two channel estimates from different TRPs. Each channel estimate can be obtained based on the conventional channel estimation using single QCL reference RS, so it can reduce UE complexity for channel estimation compared to scheme 1. Consequently, two schemes have different advantages, and supporting both schemes can provide flexibility for UE implementation. 
Proposal #1: Support both scheme 1 and scheme 2 based on UE capability
Regarding target DL physical channels for scheme 1, there are two options, i.e., PDSCH only or PDSCH + PDCCH. One of the advantages of scheme 1 is that RS overhead for configuration of QCL reference RS can be reduced. This is because additional CSI-RS resources dedicated for SFNed transmission does not need to be configured to the UE if multiple QCL reference RSs can be assumed for the same DMRS port(s). However, if scheme 1 is supported only for PDSCH, then CSI-RS resources dedicated for SFNed transmission are needed for PDCCH so that RS overhead cannot be reduced. So, we think scheme 1 should be supported for both PDSCH and PDCCH. On the one hand, in order to support scheme 1 for PDSCH, enhancement on TCI field in DCI can be considered. For example, some code-points in TCI field can indicate scheme 1, and the others can indicate Rel-16 schemes as Table 1. In Table 1, code-point 1 can be used to dynamically indicate Rel-17 scheme 1 between Rel-17 and Rel-16 schemes. This kind of indication method for scheme 1 can also be used for scheme 2 if both schemes are supported. 
Table 1. TCI field enhancement for indication of SFN scheme 1
	Code-point
	TCI state(s)
	Applicability of SFN scheme 1

	0
	{#1}
	Off

	1
	{#1,#2}
	On

	2
	{#1,#2}
	Off

	…
	…
	…



Proposal #2: Support scheme 1 for both PDSCH and PDCCH. 
Proposal #3: For scheme1 for PDSCH, TCI code-point mapping can include an indicator on whether scheme 1 or Rel-16 S-DCI based M-TRP scheme is applied.
Regarding the number of TRPs, i.e., QCL reference RSs or TCI states, the benefit and use case based on supporting more than 2 TRPs is not clear. And if more than 2 TRPs are supported, it will require higher UE complexity to estimate SFNed channel based on multiple QCL reference RSs. 
Proposal #4: Support maximum 2 QCL reference RSs/TCI states for scheme 1. 
Rel-17 multi-TRP based SFNed PDSCH transmission scheme, i.e., scheme 1 or scheme 2, should be differentiated with Rel-16 multi-TRP based non-SFNed PDSCH transmission, i.e., multi-TRP based eMBB/URLLC schemes. And switching between Rel-17 and Rel-16 schemes should be dynamic because there can be various service types also in HST deployment as the same reason as supporting dynamic switching between eMBB and URLLC schemes in Rel-16 multi-TRP transmission. The following table shows switching mechanisms for Rel-16 schemes. 
Table 2. Switching mechanisms for Rel-16 S-DCI based M-TRP schemes
	
	eMBB (NCJT)
	FDM-TDM-r16 (scheme 2a/2b/3)
	   SlotBased-r16 (scheme 4)

	eMBB
	N/A
	Dynamic by the number of CDM groups
	Dynamic by the number of CDM groups and repetitionNumber-r16

	FDM-TDM-r16
	Dynamic by the number of CDM groups
	N/A
	Semi-static by RepetitionSchemeConfig-r16

	SlotBased-r16
	Dynamic by the number of CDM groups and repetitionNumber-r16
	Semi-static by RepetitionSchemeConfig-r16
	N/A



To support dynamic switching between Rel-17 and Rel-16 M-TRP schemes, two cases should be considered as follows.
Case 1: switching between Rel-17/ Rel-16 eMBB/ Rel-16 FDM-TDM-r16
Case 2: switching between Rel-17/ Rel-16 eMBB/ SlotBased-r16
For common solution for both cases, one of which is configured by RRC signaling, one possible way is to use TCI field in DCI. For example, some code-points, e.g., code-point 0 for {TRS#1, TRS#2}, in TCI field can indicate Rel-17 multi-TRP based SFNed transmission, and the others, e.g., code-point 1 for {TRS#1, TRS#2} and code-point 2 for {TRS#1}, can indicate Rel-16 multi-TRP transmission or single TRP transmission. This dynamic switching method can be used regardless of whether scheme 1 and scheme 2 is supported. 
Proposal #5: Support dynamic switching between Rel-17 and Rel-16 schemes.
For scheme 2, in addition to dynamic switching between Rel-17 and Rel-16 schemes, association rule between each transmission layer of PDSCH and DMRS antenna ports is needed for the case that Rel-17 scheme is indicated. To support this, the following method can be used. 
1. A UE assumes half of the number of indicated DMRS ports as the number of transmission layers. 
2. Transmission layers are mapped to DMRS ports in the same CDM group in the ordering of DMRS ports given by DMRS table, and the same transmission layers are repeatedly mapped across CDM groups. E.g.,

where the antenna port  is (l+1)th DMRS port in (i+1)th CDM group indicated by DCI, and v is half of the number of indicated DMRS ports.
Based on the proposed association rule, DMRS ports for different TRPs can be mapped to different CDM groups, and this may improve channel estimation performance. 
Proposal #6: For scheme 2, support the following association rule between each transmission layer of PDSCH and DMRS antenna ports.
- A UE assumes half of the number of indicated DMRS ports as the number of transmission layers. 
- Transmission layers are mapped to DMRS ports in the same CDM group in the ordering of DMRS ports given by DMRS table, and the same transmission layers are repeatedly mapped across CDM groups.

TRP-based frequency offset pre-compensation
For the TRP-based frequency offset pre-compensation, two compensation methods at gNB can be considered as follows. 
Alt.1: Compensation at a specific TRP between two TRPs in order to align DL Doppler shift at a UE side
[image: ]
Figure 1. Compensation at a specific TRP between two TRPs
In Figure 1, it is assumed that transmission of UL RS is based on reception of TRS 1. But, the same result can be obtained when transmission of UL RS is based on reception of TRS 2.
Alt.2: Compensation at both TRPs in order to eliminate DL Doppler shift effect as almost zero at a UE side
[image: ]
Figure 2. Compensation at both TRPs
As we can see in Figure 2, if DL Doppler shift is compensated at both TRPs, then each TRP should know the exact compensation value. So, implicit indication or explicit reporting for Doppler shift may be needed in this alternative. However, if DL Doppler shift is compensated at a specific TRP by using difference between TRPs as shown in Figure 1, then gNB can compensate DL Doppler shift by gNB implementation. So, the reason for need of implicit indication or explicit reporting is not clear. Consequently, in order to avoid increasing of feedback overhead or UE complexity, pre-compensation for DL Doppler shift should be based on gNB implementation without having implicit indication/explicit reporting. 
 Proposal #7: Doppler shift pre-compensation for PDCCH/PDSCH should be based on gNB implementation without having implicit indication/explicit reporting.
If pre-compensated TRS is also introduced for supporting of pre-compensated PDSCH, two sets of TRSs as QCL reference RS, i.e., non-pre-compensated TRS and pre-compensated TRS, may be needed. To reduce RS overhead caused by two sets of TRSs, non-pre-compensated TRS can only be supported. However, in this case, method to configure/indicate whether a UE can use both QCL reference RSs for Doppler shift should be supported. Solution is to use new QCL types/assumptions for TRS is described in the previous agreements as examples. However, this kind of approach can cause unnecessary specification impact and signaling overhead. This is because scheme 1 or scheme 2 can also be used for the same purpose as Doppler shift pre-compensation. That is gNB can improve UE’s receiving performance by supporting scheme 1/2 without Doppler shift pre-compensation. As a result, if gNB can transmit two sets of TRSs, then gNB can transmit DL signal based on Doppler shift pre-compensation. However, if it is not affordable to support two sets of TRSs at gNB side, then gNB can transmit DL signal based on scheme 1 or scheme 2. So, in our perspective, gain is not clear to support additional specification enhancements for Doppler shift pre-compensation.
Conclusion
In this contribution, we discuss on enhancements on HST-SFN deployment and propose the following based on the discussion.
Proposal #1: Support both scheme 1 and scheme 2 based on UE capability.
Proposal #2: Support scheme 1 for both PDSCH and PDCCH. 
Proposal #3: For scheme1 for PDSCH, TCI code-point mapping can include an indicator on whether scheme 1 or Rel-16 S-DCI based M-TRP scheme is applied.
Proposal #4: Support maximum 2 QCL reference RSs/TCI states for scheme 1. 
Proposal #5: Support dynamic switching between Rel-17 and Rel-16 schemes.
Proposal #6: For scheme 2, support the following association rule between each transmission layer of PDSCH and DMRS antenna ports.
- A UE assumes half of the number of indicated DMRS ports as the number of transmission layers. 
- Transmission layers are mapped to DMRS ports in the same CDM group in the ordering of DMRS ports given by DMRS table, and the same transmission layers are repeatedly mapped across CDM groups.
Proposal #7: Doppler shift pre-compensation for PDCCH/PDSCH should be based on gNB implementation without having implicit indication/explicit reporting.
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