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Introduction
The following shows objectives on enhancements on HST-SFN deployment on work item description [1]. 
	1. Enhancement to support HST-SFN deployment scenario:
a. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
b. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



During Rel-16 eMIMO WI, several companies provided the proposal to support multiple QCL assumptions for the same DMRS port(s) [2][3]. As described in the contributions, there are benefits from introducing such kind of QCL assumption, and those benefits can also be acquired in HST-SFN deployment. In this contribution, we share LG’s view for enhancements on HST-SFN deployment based on the current WID.
Discussion
As described in WID, if multiple QCL assumptions for the same DMRS port(s) are supported, there are benefits as follows.
Firstly, RS overhead for configuration of QCL reference RS can be reduced. In the conventional SFN, a UE derives QCL properties (e.g., Doppler shift, Doppler spread, average delay, delay spread) from QCL reference RS that multiple TRPs transmit at the same time. It requires additional SFNed TRS/CSI-RS resources dedicated for SFN transmission. On the other hand, if multiple QCL reference RSs can be assumed for the same DMRS port(s), additional CSI-RS resources dedicated for SFN transmission does not need to be configured to the UE. So, it can reduce RS overhead for configuration of QCL reference RS. For example, considering three TRPs, among total 7 TRS, 4 TRS for the conventional SFN transmission (i.e. one for TRP A+B, one for TRP B+C, one for TRP A+C and one for TRP A+B+C) can be saved. Considering the two CSI-RS resources in a slot for tracking, the conventional SFN needs 42 REs/PRB/slot for 7 TRS but multiple QCL assumptions need 18 REs/PRB/slot for 3 TRS as described in Figure 1.
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	(a) Single QCL assumption
	(b) Multiple QCL assumptions


Figure 1. RS overhead for configuration of QCL reference RS

Secondly, performance gain can be achieved by using multiple QCL reference RSs. In 6.4.3.1 in [4], performance gain by using multiple Doppler shifts in HST-SFN scenario is described. As noted in [4], the significant downlink performance degradation is expected for UE, which can only track the single QCL reference RS, e.g., for single Doppler shift. This is because two paths from two TRPs have comparable powers and the Doppler shifts from them are very high with the opposite signs when the UE is located around in the middle of two TRPs in high speed train scenario. So, the concept of advanced receiver provided in [4] shows that if the UE estimates multiple Doppler shifts based on single QCL reference RS which is dedicated for SFN transmission and uses Wiener filter assuming two Doppler shifts, then the UE can improve performance. If multiple QCL reference RSs for the same DMRS port(s) is supported, the UE doesn’t need to estimate multiple Doppler shifts based on the single QCL reference RS. As a result, the UE can improve performance without additional UE complexity for estimation/tracking of multiple Doppler shifts based on single QCL reference RS.
In addition, when we discuss SFN enhancement for QCL assumption for DMRS, PDCCH should also be considered as well as PDSCH. If multiple QCL reference RSs for the same DMRS port(s) are supported only for PDSCH, then additional SFNed TRS/CSI-RS resources dedicated for SFN transmission are needed for PDCCH. So, at least for RS overhead reduction, both PDSCH and PDCCH should be considered for the QCL enhancement.
Proposal #1: Support multiple QCL reference RSs for the same DMRS port.
Proposal #2: Both PDSCH and PDCCH should be considered for the QCL enhancement.

Another way to enhance performance in HST-SFN scenario is to support multiple DMRS antenna ports for the same transmission layer. In this case, single QCL reference RS can be mapped to single DMRS antenna port, so multiple QCL reference RSs can be mapped to the same transmission layer. As described in [5], it can also provide performance gain because a UE can estimate the propagation channel for each TRP separately based on each DMRS antenna port mapped to each TRP, and then the UE can properly reconstruct SFNed channel by combining of the estimated channels from different TRPs. In this case, RS overhead for QCL reference RS can also be reduced since additional SFNed TRS/CSI-RS resource dedicated for SFN transmission is not needed. So, this approach should also be considered for enhancement on HST-SFN deployment.
Proposal #3: Multiple DMRS antenna ports for the same transmission layer should also be considered. 

In 6.4.3.2 in [4], performance gain based on pre-compensation at gNB side is provided. The result shows that gNB can compensate DL Doppler frequency by using estimated UL Doppler frequency based on the UL signal. This kind of pre-compensation may be applied by gNB implementation without any specification impact such as QCL/QCL-like relation between DL/UL signals. And the enhancement on the QCL/QCL-like relation between DL/UL signals should be based on the unified TCI state framework as stated in the WID objective, where this new TCI framework has not been designed yet. Therefore, before discussing on a specific enhancement on QCL/QCL-like relation, sufficient gain should be justified over the implementation based solutions. 
Conclusion
In this contribution, we discuss on enhancements on HST-SFN deployment and propose the following based on the discussion.
Proposal #1: Support multiple QCL assumptions for the same DMRS port.
Proposal #2: Both PDSCH and PDCCH should be considered for QCL assumption enhancement.
Proposal #3: Multiple DMRS antenna ports for the same transmission layer should be considered. 
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