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Introduction
In RANP#86 meeting, the WID on multi-TRP operation of Rel.17 was established as below
	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. 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
ii. 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 


In this contribution, we present our considerations on the highlighted part, i.e. HST-SFN for multi-TRP scenario.
Discussion
In some regions/countries, the NR network deployment for high speed train (HST) scenario takes significant role for user experience and vertical usage. One common methodology to provide robust performance is the so-called single frequency network (SFN). Taking the example in Figure 1, one UE located in a HST can be served by multiple TRPs in a SFN manner. Specifically, two TRPs from Cell B and one TRP from Cell C transmits simultaneously to the UE with same content occupying exactly the same time-frequency resource. From UE perspective, it doesn’t need to know whether it works in a SFN mode or not. In other words, the SFN operation normally would be carried out in a spec-transparent manner. 
However, due to the physical separation, the TRPs around the served UE may apply different DL Tx beams for DL transmission. This operation would correspondingly result in multiple Rx beams at UE side. To enable this feature, the group-based beam reporting should be enhanced with Rel.15 scheme as a starting point.  
[image: ]
Figure 1 [bookmark: _Ref525896046][bookmark: _Ref43973931][bookmark: _Ref45790573] Paradigm of high-speed train and single frequency network (HST-SFN)
QCL assumption for DL DMRS
Generally speaking, one may expect that the SFN operation normally works in a spec-transparent manner. However, considering the multi-TRP operation at this particular deployment scenario especially at FR2, there is beam-related issue we may need to study and then specify from RAN1’s perspective. 
One may argue that the SDM scheme supported in Rel.16 multi-TRP enhancement for URLLC may solve the multi-beam issue. But it seems slightly different from the SFN operation. Specifically, the DMRS port(s) of DL data transmitted by different TRPs should come from the different CDM group and occupy different DMRS port index(es). From UE’s perspective, it has to be aware of the multi-TRP transmission and to prepare the receptions of different DMRS ports from different TRPs. As for SFN, not only the same time-frequency resources are required, but also the same DMRS ports. 
Moreover, in current spec any DMRS port (either associated with PDCCH or PDSCH) could only have one QCL assumption in QCL-TypeD. But as for SFN, since multiple TRPs may send the same channel/signal to the UE via the same port(s) in different spatial directions, it is necessary to allow multiple QCL assumptions which can be referred by UE. Surely, it also depends on UE capability on whether or not to support the SFN operation. In addition, according to the WID, literally multiple QCL assumptions should be supported for DL DMRS port(s). Hence we have following proposal
Proposal 1: In order to enable the SFN operation, specify that multiple QCL assumptions can be applied for the same PDCCH or PDSCH DMRS port(s). Whether or not to support the SFN operation is a UE capability.
In addition, it could be beneficial for a UE located in a HST served not only by TRPs in its serving cell(s), but also TRPs associated with nearby non-serving cell(s). This operation aligns with the spirit of SFN operation. With this being said, UE doesn’t need to know whether it receives the DL transmission from TRP(s) in non-serving cell(s). But from NW configuration point of view, the QCL assumption from TRPs in non-serving cell should be allowable to UE. In our accompany paper [2], the concept of the so-called “universal” TCI states has been discussed and proposed. It extends the QCL assumption from the TCI states configured in serving cell(s) to TCI states configured in non-serving cell(s) with PCI instead of serving cell ID. Hence, we have following
Proposal 2: To enable and further enhance HST-SFN operation, the QCL assumption for a UE to receive PDCCH/PDSCH should be extended from its serving cell(s) to non-serving cell(s).
TRS enhancement
Time frequency density of TRS
For HST-SFN deployment, another issue we have to keep in mind is the time/frequency tracking. With the assumption of train speed up to 500km/h and operating @39GHz, the Doppler shift in extreme cases could be up to 180kHz which is comparable to SCS at FR2. Given this challenge, we think it is a chance for RAN1 to reconsider the design of TRS in previous release. Specifically, in time domain the current spec only allows up to 2 consecutive slots with up to 4 TRS resources. It is now questionable whether the time and/or frequency domain density should be enhanced to support HST-SFN operation. Given the e-mail discussion of Rel.17 MIMO EVM before RAN1 #102e, RAN1 may need to carry out the campaign of the performance evaluation for TRS in HST-SFN scenario. 
Obervation 1:  The performance loss incurred by high Doppler shift could be noticeable, when reusing the TRS design in Rel.15. 
QCL-Type of TRS
Besides the TRS enhancement in time/frequency domain, we next discuss the TRS-based QCL assumption indication. Current spec allows TRS resources serve as QCL sources for other DL channels and signals. For DL channels, normally TRS provides QCL information in either QCL-TypeA or QCL-TypeA + QCL-TypeD (when QCL-TypeD applicable). 
Implementation-wise, TRS can be transmitted with a wide beam or narrow beam. For the cases that the same TRS resources configured for a group of UEs (same TRS configuration for each UE in this group), wide beam should be applied to TRS for better coverage. As for UE-specific TRS configuration, narrow beam could be applied for a particular UE. Considering the different propagation character between wide beam and narrow beam, more paths can be included in wide beam when compared with narrow beam. So the delay spread and average delay of wide beam TRS can no longer be viewed as QCL-TypeA from other narrow beam based channels/signals from the perspective of UE. Instead of QCL-TypeA, one may expect more suitable QCL type to apply for TRS. Hence we believe RAN1 needs to reconsider the QCL assumption between TRS and PDCCH/PDSCH and have following 
Proposal 3: Beside QCL-TypeA and QCL-TypeD, RAN1 should reconsider the QCL type of QCL assumption indication between TRS and other DL channels and/or signals.
With the aid of TRS, the QCL assumption between TRS and DL channels and other DL signals can be conducted via signaling TCI state in Rel.15/16. On the other hand, given the unified TCI state to be studied/discussed in other session, if it can be supported in Rel.17, then it is straightforward to apply this unified TCI state (containing TRS) for UL channels/signals, e.g. PUSCH/SRS. Therefore we have 
Proposal 4: For time/frequency tracking and beam selection, RAN1 supports unified TCI state for UL channels/signals.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: In order to enable the SFN operation, specify that multiple QCL assumptions can be applied for the same PDCCH or PDSCH DMRS port(s). Whether or not to support the SFN operation is a UE capability.
Proposal 2: To enable and further enhance HST-SFN operation, the QCL assumption for a UE to receive PDCCH/PDSCH should be extended from its serving cell(s) to non-serving cell(s).
Proposal 3: Beside QCL-TypeA and QCL-TypeD, RAN1 should reconsider the QCL type of QCL assumption indication between TRS and other DL channels and/or signals.
Proposal 4: [bookmark: _GoBack]For time/frequency tracking and beam selection, RAN1 supports unified TCI state for UL channels/signals.
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