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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the high speed train enhancement in Rel-17, both UE-based and TRP-based enhancements are in discussion. In last meeting (RAN1#104-e [1]), it was agreed that for UE-based enhancements, Scheme-1 is supported for PDCCH/PDSCH, while for TRP-based enhancement, frequency pre-compensation scheme was analyzed and discussed:
	Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
Agreement
Two TCI states are supported for scheme 1 in FR2
Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details
Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process


In this contribution, we provide more performance evaluation results for TRP based frequency pre-compensation, and discuss the remaining details for both Scheme-1 and TRP based frequency pre-compensation.

[bookmark: _Ref129681832]TRP Frequency Pre-compensation
As discussed in previous meetings, companies have identified that frequency pre-compensation scheme is one promising technique to improve performance in HST scenario, where high Doppler shift is a dominant problem for multi-TRP transmission in high speed scenarios. 

Pre-compensation scheme
The steps for frequency offset compensation scheme have been agreed as below. With information of Doppler shift estimated in uplink, the gNB is able to pre-compensate the frequency offset on signals from two TRPs.
	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. 


To make the most usage of TRS resources and follow the agreed steps, the TRSs are transmitted in TRP specific way, and the frequency offsets of PDSCH/DMRS between both TRPs are pre-compensated at one TRP. The procedure is illustrated in Figure 1. Detailed description of the procedure also can be found in [2].
[image: ]
[bookmark: _Ref67332118]Figure 1. Example for procedure of pre-compensation scheme

Performance evaluation results
The performance of frequency offset pre-compensation is evaluated and provided as follows, where the detailed simulation assumptions can be found in Appendix A. In Figure 2, the performance of Scheme-1, DPS and pre-compensation are provided. It can be seen that, TRP based frequency pre-compensation provide much better performance than Scheme-1 and DPS. The analysis can be found in our previous contribution [2]. 
	[image: C:\Users\y00325266\AppData\Roaming\eSpace_Desktop\UserData\y00325266\imagefiles\C2AE16EE-CE5F-4BD7-A72D-1903319CB92E.png]
a) SNR of DL = 20dB;
	[image: C:\Users\y00325266\AppData\Roaming\eSpace_Desktop\UserData\y00325266\imagefiles\6C8EBEB3-9DFB-47B6-90FD-A7A520B5D426.png]
b) SNR of DL = 8dB;
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c) SNR of DL = 4dB;


[bookmark: _Ref67334132]Figure 2. Simulation results for scheme1, TRP based frequency pre-compensation and DPS transmission
Observation 1: The performance of TRP based frequency pre-compensation scheme is much better than DPS and Scheme-1.

Additional evaluation results
During the discussion in last meeting, some companies also showed interest on frequency estimation errors in HST scenario, which is beyond the evaluation assumptions agreed in RAN1#102-e. In this section, we additionally provide some evaluation results with considering the frequency estimation error, where the detailed analysis on the estimation error is provided in Appendix-B.
[bookmark: _Ref67340666]In the evaluation, the frequency estimation error is modeled as Gaussian distribution with standard derivation of 50Hz, which is close to the observation of frequency estimation error as in the analysis in Appendix-B. Please note that the frequency estimation error in real networks will be less than the value in the simulation, considering the feasible implementation based optimization solutions, including using DMRS/PUSCH to further enhance the frequency estimation. 

	 [image: C:\Users\y00325266\AppData\Roaming\eSpace_Desktop\UserData\y00325266\imagefiles\2EA855DC-9BE3-4381-92E3-B0188B3ABEB7.png]
a) SNR of DL = 20dB;
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b) SNR of DL = 8dB;
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c) SNR of DL = 4dB;


[bookmark: _Ref67341551]Figure 3. Pre-compensation performance with frequency estimation error
It can be observed from Figure 3 that, with frequency estimation error, the frequency pre-compensation scheme is still much better than Scheme-1 and DPS transmission. 
Observation 2: Considering Doppler shift estimation error, the performance of TRP based frequency pre-compensation scheme is still much better than Scheme-1 and DPS.
Moreover, supporting frequency pre-compensation would be friendly to UE since it requires minor UE complexity.
Therefore, considering numerous simulations conducted in RAN1 and the gain of frequency pre-compensation scheme observed so far, we propose to support TRP based frequency pre-compensation scheme in Rel-17.
Proposal 1: Support TRP based frequency pre-compensation scheme for HST in Rel-17.

QCL assumption for pre-compensation
In [3], the following agreement for QCL assumption was made to facilitate discussion: 
	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


Firstly, by comparing Variant A with Variant C, the difference is that additional {average delay} is included in Variant A. For SFN transmission, one piece of {average delay} information from one TRS provides a single timing of only one TRP. With Variant A, the extra {average delay} information of the other TRP may help UE to locate a more proper timing window for signal processing. 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 can 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). As a result, at least 3 TCI states need to be indicated in one DCI for the PDSCH QCL assumption. This will introduce more changes on TCI indication framework.
Moreover, Variant E is used for Scheme-1, which is already agreed. 
Based on the above analysis, Variant-A makes more sense to provide QCL information from different TRPs for HST scenario, and is easier to be indicated within the existing TCI framework. Therefore, we have the following proposal. 
Proposal 2: 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}.

Remaining details for Scheme-1 
For SFN transmission, Scheme-1 was supported for PDSCH/PCCH transmitted from two TRPs, with two TCI states associated to the same DMRS port(s). 
One open issue is whether to support dynamic switching between Scheme-1 and single TRP transmission. It has been a common principle since previous releases that multi-TRP transmission can be dynamically switched with single-TRP transmission. Following such a principle, in Rel-16, all the schemes 1a/2/3/4 can be switched from/to single TRP transmission depending on the number of TCI states indicated through DCI. For example, when the number of indicated TCI states is one, the transmission falls back to single-TRP. 
So we have the following proposal,
Proposal 3: Support dynamic switching between Scheme-1 and single-TRP transmission.
Then, another open issue is how to switch between Scheme-1 and other Rel-16 schemes. In Rel-16, switching between Scheme-1a and others can be dynamically indicated to support the scheduling flexibility. In Rel-17, it is straightforward to follow such design to allow dynamic switching of Scheme-1 and other schemes, in the same way as Scheme-1a. Although among all the schemes, Scheme-1 requires UE to track two TCI states at least which is the major part of complexity, it can be enabled subject to UE capability if some UE vendors worry about the burden in UE side for supporting Scheme-1. Regarding how to indicate, the similar solution in Rel-16 can be reused, i.e., indicating by the same CDM group and two TCI states for Scheme-1, while two CDM groups and two TCI states for Scheme-1a.
Proposal 4: Support dynamic switching between Scheme-1 and Scheme-1a (SDM in R16) based on UE capability.
Another issue is about the definition of default beam for Shcme-1. In Rel-16, when “at least one TCI codepoint indicates two TCI states”, the default TCI states are the two TCI states of lowest codepoint. Rel-17 Scheme-1 can follow the same design as Rel-16, which would also be very clean in spec.
[bookmark: _Hlk55126218]“-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.”
Proposal 5: PDSCH default QCL assumption for Scheme-1 can follow the Rel-16 design, i.e., the default TCI states are the two TCI states of lowest codepoint.

Conclusions
We have investigated Scheme-1 and pre-compensation schemes in HST scenario and have the following observations and proposals.
Observation 1: The performance of TRP based frequency pre-compensation scheme is much better than DPS and Scheme-1.
Observation 2: Considering Doppler shift estimation error, the performance of TRP based frequency pre-compensation scheme is still much better than Scheme-1 and DPS.

Proposal 1: Support TRP based frequency pre-compensation scheme for HST in Rel-17.
Proposal 2: 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 3: Support dynamic switching between Scheme-1 and single-TRP transmission.
Proposal 4: Support dynamic switching between Scheme-1 and Scheme-1a (SDM in R16) based on UE capability.
Proposal 5: PDSCH default QCL assumption for Scheme-1 can follow the Rel-16 design, i.e., the default TCI states are the two TCI states of lowest codepoint.
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Appendix A. Simulation assumptions 
[bookmark: _Ref40286490]Table 1: Link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz 

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL-D

	TRP deployment
	Ds=700m, Dmin=150m, TRP height=35m, UE height=1.5m

	Antenna configuration
	8 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 4, 2] 

	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 using type I codebook

	Max retransmission number
	4

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




Appendix B: Analysis on SRS frequency estimation
Frequency estimation error due to UL estimation
Evaluations are performed for the Doppler shift estimation error for different SNR, with results shown in Figure 4. In the simulation, the Doppler shift error is evaluated based on the SRS reception at gNB. 
	[image: ]
a) Estimation error @ 20dB of SRS
	[image: ]
b) Estimation error @ 12dB of SRS

	[image: ]
c) Estimation error @ 4dB of SRS


[bookmark: _Ref68216718]Figure 4. Doppler shift estimation error at different SNR level of SRS
It can be observed that the frequency offset estimation error varies at different SNR levels. The distribution of Doppler estimation error follows Gaussian distribution, approximately. Reading from the Figure 4, the standard deviation is about 7.5/25/50 Hz @20/12/4dB SNR of SRS.

Impact of delay
To evaluate the impact of delay of frequency offset estimation, the Doppler shift of UEs moving at speed of 350km/h is evaluated, as shown in Figure 5. It can be observed that the change of Doppler shift is very small when with a delay of 5ms (about 0.5 meter change of position) or 20ms (about 2 meters change of position). Especially when the UE is moving in the middle of two TRPs, the change of Doppler is negligible.
	[image: ] 
a) Ds=700m, Dmin=150m
	[image: ] 
b) Ds=300m, Dmin=20m


[bookmark: _Ref68216801]Figure 5. Doppler shift change along the track from TRP1 to TRP2 when moving speed = 350km/h (<0.1meter per millisecond)；
In Figure 6, the Doppler shift of the positions spaced by 0.5 meter (5ms SRS periodicity at 350km/h) and 1.96 meter (20ms SRS periodicity at 350km/h) is illustrated. Each circle of the curves corresponds to a position. It can be observed that the change of Doppler shift between adjoining positions is negligible. For example, the maximum change between two points is about 4Hz and 15Hz at SRS periodicity 5ms and 20ms.
	 [image: ]
a) SRS periodicity T = 5ms
	 [image: ]
b) SRS periodicity T = 20ms


[bookmark: _Ref68216822]Figure 6. Doppler difference at point P compared to point P-1, with duration T between them
(Scenario: Ds=700m, Dmin=150m)
From Figures 5 and 6, even with a moderate SRS periodicity as 20ms, the change of Doppler shift due to the delay is trivial. 
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