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1	Introduction
The WID [1] objective 2d states:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
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

This contribution addresses the issue of High Speed Train-Single Frequency Network (HST-SFN) deployment enhancements. Since 2d.ii involves the unified TCI framework, the discussion of this part of the study can be postponed until details of the unified framework have settled somewhat. 
[bookmark: _Ref178064866]2	Discussion
2.1 Multiple QCL assumptions for same DL-RS
With HST deployment a train will pass the coverage of the beams deployed along the railroad frequently, hence a UE is typically only connected to a beam a fraction of a second. Therefore, TCIs need to be re-configured to all UEs in the train. The RRC and/or MAC CE signalling overhead increases proportionally with number of supported UEs for the network to re-configure the QCL relations as the train moves down the track. The coverage for the train passage may be deployed beams from TRPs within a same serving cell, the RRC signalling overhead can be reduced as the UE doesn’t need to perform handover or require RRC signalling for update of TCI state tables when switching between TRPs. 
[bookmark: _Toc47725360]Considering HST-SFN with beams deployed from TRPs within the same serving cell would be a reasonable assumption to investigate the HST deployment.

The HST deployment use case considered in this WI is the SFN transmission case. Hence, the PDSCH is transmitted from multiple (e.g. two) TRPs in an SFN manner. If bi-directional TRPs are used, then the Doppler spectrum will have a positive and a negative component, corresponding to the signal transmitted from a TRP in front of the UE and behind the UE respectively in FR1. 
For significant portions of time, a UE will be much closer to one TRP than the other(s), which will dominate performance. If UE is in between two TRPs and receiving PDSCH from these two TRPs, the Rel-17 UE can be activated with a TCI codepoint having two TCI states, one associated with each TRP. 
In this case, the UE can then associate the PDSCH DM-RS with both TCIs simultaneously and dynamically decide the demodulation TCI depending on received DL-RS (e.g. TRS) measurement. If the two received DL-RS is equally good, which may indicate the pathloss from the 2 TRPs are the same in the SFN channel, UE may either select one of the DL-RSs as SFN channel estimation reference or combine the 2 received DL-RSs first and demodulate accordingly.
[bookmark: _Toc47725361]If DMRS in PDCCH, PDSCH, CORESET being associated with DL-RS sending from different TRPs, UE can either use the strongest TRP, or combine the received signal from both TRPs, for decoding the PDSCH or PDCCH. This is part of UE implementation. 
[bookmark: _Toc47725365]The DMRS of SFN transmitted PDCCH and SFN transmitted PDSCH using reference signals from different TRPs (in the SFN cluster) as QCL references shall be supported.
2.2 Follow up on the EVM discussion over email
The outcome of the email discussions are these proposals:
1. LLS to be used for Rel-17 HST evaluations
2. Define HST simulation assumptions for both FR1 and FR2
a. Discuss possible FR prioritization during WI phase, if needed.
3. TRP layout for HST evaluation for both FR1 and FR2
a. Alt 2: TS 36.101 Annex B.3A
i. FR1: Ds=700m, Dmin=150m
ii. FR2: discuss the following alternatives in RAN#102-e meeting
1. Alt 2-1: Ds=700m, Dmin=150m
2. Alt 2-2: Ds=400-500m, Dmin=20-50m
3. Alt 2-3: Ds=200-300m, Dmin=30-50m
4. Alt 2-4: Ds=580m, Dmin=5m
5. Note: if no consensus is reached, each company to provide used value for Ds and Dmin
4. Use bi-directional as mandatory and uni-directional as optional gNB antenna orientation
5. Adopt RAN4 4-taps model based on TS 36.101 (Annex B.3A) / TR 36.878 as baseline / mandatory model
6. Adopt CDL-based multipath extension from RAN4 model with 2 taps as additional / optional model
a. FFS: Modifications to K factor, possible modification of RRHs layout, etc.
7. Rel-15 SFN is used as the baseline for comparison
8. Performance comparison with other schemes (e.g., Rel-16 URLLC, DPS, etc.) can be also provided
We support these 8 proposals but have the following additional comments on the proposal
9. 3.a.ii, we support Alt 2-4

Also, the table in the Appendix was provided which contains some additional open issues in yellow. Here are our comments on these:

10. FFS: on parameters of antenna element
a.  Use table Table A.2.1-10 in TR 38.802
11. Number of scheduled RBs [4, 8, 10, 20, 25, 48, 50]
b. 10 and 50 can be used, others are optional

[bookmark: _Toc47626734][bookmark: _Toc47725366]Agree on the table in the Appendix with the additions/modifications in bullet 9-11 above.
Another evaluation aspect that has not been widely discussed is the evaluation metric.  In RAN4, throughput vs. SNR was used, which is not necessarily a good metric for RAN1 evaluation given that a UE in different locations along the rail track could have different channel conditions. Thus, we think the evaluation metrics may need some further discussion. 
[bookmark: _Toc47626735][bookmark: _Toc47725367]Further discussion is needed on evaluation metrics

[bookmark: _Hlk47659939]2.2.1 Simulation assumption for FR2
In FR2 the beam is much narrower and more sensitive to obstacles than FR1, it is practical to place the antenna close to the track and tilt to a direction towards the train.  Two possible setups can be considered for HST. One setup is aiming to provide reliable data transmission for essential services such as security control of the train, one of the possible deployments is to mount a UE on top of the wagon transmitting with antennas tilting downwards. The other setup is aiming to provide services to the passengers within the train, the antennas tilt horizontally towards the glass wall of the train. The first setup focuses more on reliability and latency, the UE can be more capable to support M-TRP schemes. The second setup focuses on improving data throughput and number of supported users, UE may be assumed to be connected with one TRP for most portion of the time. For evaluation of HST performance, the first setup is more important as it provides essential services for a secured train operation, additionally UE placed on top of the wagon can also be replaced with an IAB node and provides services for passengers within the wagon.
[bookmark: _Toc47626736][bookmark: _Toc47725362]The FR2 simulation for HST may consider different setups, one for providing services aiming highly reliable data transmission, one for high data throughput. UE capabilities assumed for these two setups can be different.
[bookmark: _Toc47725368]The setup with a UE on top of wagon is more important to evaluate as it provides functionality for both reliability and throughput.

2.3 Multi-TRP Schemes to be studied
On RAN4 #94-e-Bis meeting, the Dynamic Point Selection (DPS) scheme  (Scheme 1 referred in RAN4) was agreed to be further discussed in RAN4 on new UE requirements, the multi-DCI based eMIMO scheme (Scheme 2 referred in RAN4) discussion was postponed as the RAN4 eMIMO WI had not yet been finalized [2], the other joint transmission schemes with distributed TRS and/or DMRS proposed in RAN4 were not pursued as no conclusion on the benefit was reached. 
In our understanding, WID item 2d.ii was meant to evaluate any schemes that may provide benefits over the RAN4 discussed schemes, particularly DPS and multi-DCI based multi-TRP schemes. In addition to m-DCI scheme, multiple single DCI based multi-TRP schemes have been specified in RAN1 Rel-16.  These schemes were not considered during the RAN4 Rel-16 HST-SFN discussion as they were not finalized in RAN1 at the time, we think it is worthwhile to investigate the performance of these Rel-16 mTRP schemes and compare them to the existing HST-SFN schemes to be specified in RAN4 in Rel-16.
[bookmark: _Toc47626738][bookmark: _Toc47725369]The Rel-16 M-TRP schemes shall be evaluated and be compared with other RAN4 proposed methods in HST-SFN discussion.

2.4 Prioritization between FR1 and FR2
There were some proposals to prioritize FR1 over FR2 during the email discussion of evaluation assumptions. In our view, such a prioritization is not needed. FR2 deployment is becoming popular and many operators are also looking for FR2 solutions to HST deployment scenarios. We should try to identify solutions which could be applicable to both FR1 and FR2. Therefore, we have the following proposal.
[bookmark: _Toc47626740][bookmark: _Toc47725370]No prioritization between FR1 and FR2 for HST-SFN evaluations.
 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Considering HST-SFN with beams deployed from TRPs within the same serving cell would be a reasonable assumption to investigate the HST deployment.
Observation 2	If DMRS in PDCCH, PDSCH, CORESET being associated with DL-RS sending from different TRPs, UE can either use the strongest TRP, or combine the received signal from both TRPs, for decoding the PDSCH or PDCCH. This is part of UE implementation.
Observation 3	The FR2 simulation for HST may consider different setups, one for providing services aiming highly reliable data transmission, one for high data throughput. UE capabilities assumed for these two setups can be different.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The DMRS of SFN transmitted PDCCH and SFN transmitted PDSCH using reference signals from different TRPs (in the SFN cluster) as QCL references shall be supported.
Proposal 2	Agree on the table in the Appendix with the additions/modifications in bullet 9-11 above.
Proposal 3	Further discussion is needed on evaluation metrics
Proposal 4	The setup with a UE on top of wagon is more important to evaluate as it provides functionality for both reliability and throughput.
Proposal 5	The Rel-16 M-TRP schemes shall be evaluated and be compared with other RAN4 proposed methods in HST-SFN discussion.
Proposal 6	No prioritization between FR1 and FR2 for HST-SFN evaluations.
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Appendix
	[bookmark: _GoBack]Parameter
	FR1
	FR2

	Duplexing 
	FDD
	TDD
	TDD

	TRP layout (Ds, Dmin, etc)
	Ds=700m, Dmin=150m
For CDL based model – RRH height: 35m, UE height: 1.5m
 
	Alt 2-1: Ds=700m, Dmin=150m
Alt 2-2: Ds=400-500m, Dmin=20-50m
Alt 2-3: Ds=200-300m, Dmin=30-50m
Alt 2-4: Ds=580m, Dmin=5m
RRH height: [5/10/15/20/35]m, UE height: 1.5m

	gNB antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2],
one-to-one mapping between antenna elements and TXRUs
omni-directional antenna
Note: The results for other antenna configurations can be also provided
 
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2],
directional antenna
FFS: on parameters of antenna element
Note: The results for other antenna configurations can be also provided

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2]  or
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2], 
one-to-one mapping between antenna elements and TXRUs
omni-directional antenna
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2],
directional antenna
FFS: on parameters of antenna element

	DMRS type
	Mandatory: DM-RS type 1
Optional: DM-RS type 2

	Number of DMRS symbols
	1+1+1

	TDD pattern
	N/A
	DDDDDDDSUU, 
S: 6D 4G 4U
	DDDDDDDSUU, 
S: 6D 4G 4U

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table
Note: Companies can also provide results with MCS adaptation

	Number of scheduled RBs
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection

	Propagation condition
	4-tap channel model (TS 36.101 (Annex B.3A) / TR 36.878 (RAN4))
Optional: CDL extension (CDL D/E, DS = 100ns)
	CDL extension 
(CDL D/E, DS = 20ns/30ns)

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern
Note: results for 20ms periodicity can be also provided

	PDSCH / PUSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 1
Optional: other ranks or rank adaptation
	Rank 1 or 2
Optional: other ranks or rank adaptation

	BW
	10 MHz or 20 MHz
	10 MHz or 20MHz
	20MHz or 50MHz or 80MHz

	Carrier frequency or maximum Doppler shift
	2GHz, 350kmph or 500kmph
	3.5GHz, 350kmph or 500kmph
	30 GHz
200 km/h or 350km/h or 500km/h

	Performance metric
	Throughput; BLER

	Other assumptions or simulation parameters, e.g., correlation 
	1) SCS: 
1. 30kHz
2. 15kHz as optional
2) Note: precoding method should be provided by each company
	1) SCS: 30kHz
2) Note: precoding method should be provided by each company
	1) SCS: 120kHz
2) Note: precoding method and analog beamforming details should be provided by each company





