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In last meeting [1], we have the following agreements: 
	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



In this paper, we discuss the detailed solutions for PDSCH/PDCCH for HST scenario, including QCL assumptions, TCI state indication, etc. Evaluation results for performance of the solutions are also provided. 
Issues and potential enhancements
QCL assumption for HST transmission
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Figure 1. SFN scenario with distributed TRS resources
As discussed in previous meetings, for HST scenario, distributed TRS resources are transmitted from different TRPs. With enhanced QCL type, better performance is expected to be achieved, e.g., with enhanced DMRS estimation algorithm, Doppler pre-compensation operation. The relevant simulation results are shown in section 2.2. The listed QCL types from previous meeting are as following.
· Variant A: One of the TCI states 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 states 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 states 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)
Firstly, by comparing Variant A with Variant C, the difference is that additional {average delay} is included in Variant A, which may be redundant. For SFN transmission, one piece of {average delay} information from one TRS provides single timing which could be sufficient for PDSCH reception. However, extra {average delay} information may help UE to locate a more proper timing window. Hence, considering the possibility of different UE implementation details, we slightly prefer Variant A for UEs supporting advanced algorithms.
With Variant A or C, the QCL indication mechanism in Rel-16 can be reused, where indicating two TCI states (within one DCI code point) from two TRPs to a UE was already introduced.
Secondly, for Variant B, the UE only have one TRS’s delay spread information from the first TCI state as in agreement. With this, UE cannot reconstruct the proper channel filter which will help improve system performance. If the UE hopes to obtain the delay information from both TRPs via Variant B, the TCI configuration/indication needs to be extended, i.e., one QCL link between TRP and UE is with {average delay, delay spread} (for the pre-compensated TRP), and another QCL link is with {average delay, delay spread} plus {Doppler shift, Doppler spread} (for the Doppler anchor TRP). Hence, at least 3 TCI states need to be indicated in one DCI for the PDSCH QCL assumption.
Moreover, for Variant E, the two TCI states are both with legacy QCL Type A. Since configuring two TCI states for a UE under multi-TRP operation is already supported since R16, it could be used for Scheme 1 without any updating on QCL assumptions indication. However, if Variant E is used for frequency pre-compensation cases, the QCL indication framework needs to be revised. The UE is needed to be additionally configured/indicated that in which TCI state the UE should keep Doppler information and in which one the UE should ignore Doppler information for QCL assumption of PDSCH. 
Based on the above analysis, Variant-A seems a way making more sense to provide QCL information from different TRPs for HST scenario, and is easier to be indicated with TCI states. So, we have the following proposal. 
Proposal 1: Support Variant A for HST scenario, i.e., one of the TCI state can be associated with {average delay, delay spread} and another TCI state can be associated with {average delay, delay spread, Doppler shift, Doppler spread}.
Furthermore, the number of TCI states for the same DMRS(s) is agreed as two considering to receive PDSCHs from two TRPs simultaneously in last meeting. One remaining issue is that whether more than 2 TCI states should be introduced additionally for FR2. In our understanding, two TCI states are sufficient for both FR1 and FR2, considering practical scenarios and complexity at UE side. Specifically, supporting more than 2 TCI states will require UE to monitor and receive more than two beams simultaneously. 
Proposal 2: Support at most two TCI states for HST scenario for both FR1 and FR2.
Evaluation results
Evaluation results are shown in this section for the comparison of HST schemes including SFN schemes, DPS transmission, while the simulation assumptions are provided in Appendix. 
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a) SNR=0dB
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b) SNR=4dB
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a) SNR=8dB
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b) SNR=12dB
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a) SNR=16dB
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b) SNR=20dB


Figure 2: Performance of different schemes

[bookmark: _GoBack]It can be seen that with frequency pre-compensation, the performance is much better than other solutions, where the QCL assumption here is Variant A. Performance of the DPS scheme is worse than Scheme 1 and Frequency pre-compensation scheme, since in DSP, UE only receive one link’s signal power at any time. Also, at the mid-point of the track between two TRPs, the UE experienced lowest signal power in DPS scheme, especially for the case with low SNR.  
PDCCH transmission
In last meeting, we have agreed on SFN transmission scheme for PDCCH in AI 8.1.2.1 for reliability discussion, where the agreement is attached as following. The discussion of remaining issues for PDCCH-SFN was officially assigned to be moved to HST topic. 
	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Where the Alt 1-1 is agreed as:
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.


For the SFN transmission for PDCCH, the QCL assumptions for PDCCH are similar with PDSCH, where two TCI states (corresponding to the two TRPs) are configured/indicated to a UE. As discussed in Section 2.1, Variant-A (i.e., One of the TCI state can be associated with {average delay, delay spread} and another TCI state can be associated with {average delay, delay spread, Doppler shift, Doppler spread}) is preferred for PDCCH as well. By applying PDSCH QCL type design for PDCCH, the UE could reuse its advanced channel estimation/decoding algorithms for PDCCH as well, to improve PDCCH reception performance.
As Alt 1-1 was agreed for SFN scheme, MAC CE signaling should be enhanced to support two TCI state activation instead of one for one CORESET. 
Another issue is about the default beam. Since the PDCCH would indicate the UE about TCI state or TCI state combinations, it’s natural that PDCCH and PDSCH transmissions will not be always in the same manner. Also, not only default beam of PDSCH would be affected, default beam of other channels/signals, e.g., aperiodic CSI-RS may be affected as well. Therefore, the default beam discussion should consider channel type, transmission scheme combinations of PDCCH and PDSCH, etc.
Furthermore, for BFR, there is an issue that which TCI state for PDCCH/CORESET will be used for BFD-RS when BFD-RS is determined implicitly from CORESET and Alt1-1 provides two TCI state for single CORESET. Note that, similar discussion happens in AI 8.1.2.1 for reliability discussion, such as Alt 1-3 which will involve two TCI states for single CORESET. Therefore, these two alternatives may seek for the same solution for simpler spec change, e.g. fixed rule to define one of the TCI state for BFD-RS.
Proposal 3: PDSCH QCL indication mechanism, e.g., indicating two TCI states and the corresponding QCL types, can be applied for PDCCH SFN transmission scheme as well.

Conclusion
This contribution has provided our analysis and evaluations for Multi-TRP for high speed train in Rel-17. In summary following proposals are provided in the contribution:
Proposal 1: Support Variant A for HST scenario, i.e., one of the TCI state can be associated with {average delay, delay spread} and another TCI state can be associated with {average delay, delay spread, Doppler shift, Doppler spread}.
Proposal 2: Support at most two TCI states for HST scenario for both FR1 and FR2.
Proposal 3: PDSCH QCL indication mechanism, e.g., indicating two TCI states and the corresponding QCL types, can be applied for PDCCH SFN transmission scheme as well.

References
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Appendix
[bookmark: _Ref40286490]Table 1: Link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz 

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL-D

	TRP deployment
	Ds=720m, Dmin=120m, TRP height=35m, UE height=1.5m

	Antenna configuration
	8Tx 4Rx

	TRS periodicity
	10ms, 2 slot TRS

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	24RB

	MCS
	MCS adaptation

	Rank
	2

	UE speed
	500km/h

	Precoding 
	PMI 

	Max retransmission number
	4

	TRP antenna orientation
	Directions point to the midpoint between the two TRPs
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