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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 have been agreed to be supported [1] [2].
In this contribution, we further discuss the remaining details for both UE based Scheme-1 and TRP based frequency pre-compensation scheme.
[bookmark: _Ref129681832]TRP based Frequency Pre-compensation
TRP based frequency pre-compensation is beneficial to address the Doppler impact on data transmissions in HST scenarios. Major companies provided performance results with the obvious gain of TRP based pre-compensation, which was finally supported in previous meetings. The procedure is illustrated in Figure 1. TRSs are transmitted without pre-compensation and the frequency offsets between the TRPs for PDSCH/DMRS transmission are pre-compensated at one TRP. Detailed procedure can be found in our previous contribution [3].
[image: ]
Figure 1. Example for procedure of pre-compensation scheme

QCL assumption
	Working Assumption
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Additional support of Variant B



As shown in Figure 1, QCL Variant A can provide sufficient information for TRP based frequency pre-compensation scheme. With Variant A, only two TRSs are needed: TRS1 from a serving cell with QCL { average delay, delay spread, Doppler shift, Doppler spread}, and TRS2 from the other cell with QCL {average delay, delay spread}.
For Variant B, as the delay information is obtained from only one serving cell, an additional SFN-TRS needs to be transmitted to provide the complete delay information. Therefore, the NW has to configure three TRSs: TRS1 from a serving cell with QCL {Doppler shift, Doppler spread}, TRS2 from another cell for TRP switching with QCL {Doppler shift, Doppler spread}, and TRS3 from SFN TRS with QCL {average delay, delay spread}. And hence the UE will have to track three TRS for QCL information. As a result, Variant B increases TRS overhead and requires higher UE capability. 
Therefore, we have the following proposal. 
[bookmark: _Hlk79153678]Proposal 1: Confirm the working assumption, i.e., support Variant A for QCL types/assumption in HST cases.
Meanwhile, it’s worth noticing that Variant C may also be useful for some scenarios, e.g., when there’s large timing-offset between two TRPs. With Variant C, the average delay is obtained from only one TRP, then the delay between signals from two TRPs can be pre-compensated in addition to Doppler pre-compensation, which is beneficial for SFN transmission. When there is large timing offset between two TRPs in high-speed scenario, Variant C can also be used to enable TRP based delay pre-compensation. Therefore, Variant C can be supported additionally.
Frequency pre-compensation scheme
The performance of TRP based frequency pre-compensation is provided in Figure 2. It can be observed that TRP based frequency pre-compensation provides much better performance than Scheme-1 and DPS in both high and low SNR scenarios. 
	[image: C2AE16EE-CE5F-4BD7-A72D-1903319CB92E]
a) SNR of DL = 20dB;
	[image: 6C8EBEB3-9DFB-47B6-90FD-A7A520B5D426]
b) SNR of DL = 8dB;


Figure 2. Simulation results for scheme1, TRP based frequency pre-compensation and DPS transmission
In last meeting, the estimation solution for Doppler frequency was discussed. There are two candidates, one is UL RS based by gNB estimation, and the other is DL RS based with UE feedback.  In current system, the gNB already estimates frequency for PUSCH/PUCCH decoding based on UL-DMRS or SRS. With the frequency estimation, in the TRP based pre-compensation, the frequency offset can be easily obtained by fTRP1-fTRP2 as shown in Figure 1. Thus, in current spec, UL RS based frequency estimation has been supported by implementation without any additional complexity. In the following, we provide the evaluation results considering the frequency estimation error based on legacy SRS in Figure 3. The frequency estimation error modeling can be found in Appendix B, where in the evaluation we already used the worst case of SRS frequency estimation (with 4dB SNR in uplink). Detailed discussion can also be found in our contribution in previous meeting [4].
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a) SNR of DL = 20dB;
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b) SNR of DL = 8dB;


Figure 3. Pre-compensation performance with frequency estimation error
From Figure 3, we can see that there is only slight performance degradation with estimation error in SRS based frequency estimation, compared to the ideal frequency estimation. It can also be observed that TPR based pre-compensation is still with obvious performance gain compared to Scheme-1 and DPS in the case with SRS based frequency estimation. 
It is worth noting that, the performance can be further improved by using DMRS based channel/frequency estimation, due to the factor that DMRS is denser with more symbols (2 or 3 symbols) compared to SRS.
[bookmark: _Hlk79153765]Observation 1: Legacy UL reference signal (such as DMRS or SRS) is sufficient for frequency estimation for TRP based frequency pre-compensation solution in HST scenario.
For DL RS based with UE feedback Doppler frequency estimation, there are several drawbacks observed:
· Extra UE complexity: UE needs to develop new algorithms for Doppler shift estimation, quantization, and UL CSI multiplexing. Please note that DL DMRS based frequency estimation can NOT be reused, which is in SFN transmission. Furthermore, the new procedures may also affect UE processing timeline in uplink.
· System performance degradation: The system performance may degrade as the quantization error is introduced in addition to estimation error, especially for the case with limited quantized bits.
· Additional overhead for the quantized Doppler feedback: More UL resource will be consumed to carry the quantized Doppler information. 
· Additional specification work: To support feedback of Doppler frequency shift, at least new quantization rule for UCI report, UCI multiplexing with existing HARQ-ACK/PMI/RI/CQI, CSI report configuration to trigger the measurement, etc., need to be discussed, which would be complicated at this stage.
[bookmark: _Hlk79153700]Proposal 2: For TRP based frequency pre-compensation, DL RS based Doppler feedback by UE is unnecessary, which would cause additional UE complexity, specification work, and overhead.

 UE based SFN transmission: Scheme-1 
Scheme switching criteria
One remaining issue is the switching between scheme 1 (PDSCH) and Rel-16 scheme 1a. 
Agreement
Support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a
· FFS: Whether dynamic switching is additionally supported


For HST, the environment rapidly changes would result in channel property changes and rank adaptation，which means that proper transmission scheme should be changed accordingly. For low rank environment, SFN transmission would be more suitable, while for high rank, it’s difficult to align the phases between both TRPs for all layers, so SFN may be less reliable. Considering semi-static (RRC-based) switching with the long configuration period are not applicable to fast-changing channels in HST, it's beneficial in terms of spectral efficiency and reliability to switch NCJT and SFN dynamically.
In Rel-16, switching between Scheme-1a and others can be dynamically indicated to support the scheduling flexibility. Scheme 1a and schemes 2a/2b/3 are switched based on CDM group number indicated in DCI. For scheme 1a and scheme 4 switching, TDRA indication is used and one CDM group is restricted for scheme 4. This is because two CDM groups are only for scheme 1a/NCJT, where two TRPs will use different/orthogonal DMRS ports and different t/f resources for DMRS ports to avoid interference between two links with different large scale properties. For scheme 2a/2b/3/4, and even Rel-17 Scheme1, one CDM group would be enough.
Following Rel-16 design, it’s preferred to maintain the dynamic switching between scheme 1a and other Rel-16/17 schemes. The similar solution in Rel-16 can be reused for indication, i.e., indicating by the same CDM group and two TCI states for Scheme-1 if other URLLC schemes are not enabled, while two CDM groups and two TCI states for Scheme-1a. 
[bookmark: _Hlk79153720]Proposal 3: Support dynamic switching between Scheme-1 and Scheme-1a (SDM in R16).

Default QCL assumption
Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP -based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 

One remaining issue is about the definition of default beam. 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 HST transmission can follow the same design as Rel-16, which would 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.”
Moreover, in order to use the same beams as SFN-PDCCH in PDSCH reception, the gNB can configure the two TCI states for PDCCH to the lowest TCI codepoint for PDSCH as well. Therefore, the current rule for default beam is flexible enough.
[bookmark: _Hlk79153732]Proposal 4: Support Alt 1 that PDSCH default QCL assumption for HST transmission can follow the Rel-16 design, i.e., the default TCI states are the two TCI states of lowest codepoint.

BFR for enhanced PDCCH
Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· Down-select one alternative for implicit configuration
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· Down-select one alternative for explicit configuration
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
· FFS other details
· Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration
· Note: down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3

It was also discussed to use the enhanced PDCCH for BFR detection. When the RS of a CORESET is used for BFD, the UE detects the RS for a hypothetical PDCCH decoding. However, with the enhanced PDCCH, the BLER performance has been improved, which results in a less probability of detected beam failure and thus less frequent BFD procedure. As a result, it results in a less reliable system for FR2. Therefore, we prefer to reuse the existing Rel-15/Rel-16 approach for BFD RS configuration. 
[bookmark: _Hlk79153744]Proposal 5: Support 2-2 and reuse the existing Rel-15/Rel-16 approach for BFD RS configuration. 
Conclusions
We have investigated Scheme-1 and pre-compensation schemes in HST scenario and have the following observations and proposals.
Observation 1: Legacy UL reference signal (such as DMRS or SRS) is sufficient for frequency estimation for TRP based frequency pre-compensation solution in HST scenario.

Proposal 1: Confirm the working assumption, i.e., support Variant A for QCL types/assumption in HST cases.
Proposal 2: For TRP based frequency pre-compensation, DL RS based Doppler feedback by UE is unnecessary, which would cause additional UE complexity, specification work, and overhead.
Proposal 3: Support dynamic switching between Scheme-1 and Scheme-1a (SDM in R16).
Proposal 4: Support Alt 1 that PDSCH default QCL assumption for HST transmission can follow the Rel-16 design, i.e., the default TCI states are the two TCI states of lowest codepoint.
Proposal 5: Support 2-2 and reuse the existing Rel-15/Rel-16 approach for BFD RS configuration. 
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Appendix A. Simulation assumptions 
[bookmark: _Ref40286490]Table 2: 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 error
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
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b) Estimation error @ 12dB of SRS
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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.
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