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1. Introduction
In RAN#86 meeting, the WI of further enhancements on MIMO for NR was approved and the following objectives were agreed [1].

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

In RAN1#103-e meeting, the following agreements were achieved [2].

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 RAN1#104b-e meeting, the following agreements were achieved [3].

Agreement

Specification-based TRP Doppler pre-compensation scheme is supported in Rel-17 for FR1 with one or both:

· UL RS based Doppler estimation by gNB

· FFS: Details including UL RS enhancement 

· DL RS based Doppler feedback by UE

· FFS: Details

· FFS: Whether UE capability needs to be introduced

· Whether to support one or both will be decided later

In this contribution, the specification-based TRP Doppler pre-compensation scheme is further discussed.
2. Discussion on TRP Doppler pre-compensation scheme
Regarding network based solution for HST-SFN deployment, TRP-based frequency offset pre-compensation scheme was discussed with the following three high-level steps agreed in RAN1#102-e meeting:

· 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. 

Based on the above three high-level steps, we think the specification-based TRP Doppler pre-compensation scheme can be realized as illustrated in figure 1, in which the TRS0 and TRS1 are transmitted in a TRP specific manner and the whole procedure is explained as follows. 

[image: image4.png]Step 1: TRP1 transmits TRSO at carrier frequency f . TRP2 transmits TRS1 at carrier frequency f- . Network configures
or indicates UE to determine the modulated UL carrier frequency based on the carrier frequency of TRSO received from
gNB.

i Step 2:

(2-1): UE determines the modulated UL carrier frequency fyz=fc +Af; based on the carrier frequency of TRSO
received from gNB.

(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fy .
Step 3:

(3-1): Based on UL RS, TRP1 estimates that the frequency shift is 2Af; and TRP2 estimates that the frequency
shiftisAf; +Af, .

(3-2): gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,,2=Af; -Af; .

(3-3): TRP1and TRP2 transmit DMRS/PDSCH at carrier frequency f and f¢ +Af,e0= fc +Af; -Af,
respectively.

Step 1: TRP1 and TRP2 transmit TRSO and TRS1 at carrier frequency f; , respectively.

Step 2:
(2-1): UE receives TRSO/DMRS/PDSCH at carrier frequency fyg=fc +Af; , UE determinesthe modulated UL
carrier frequency f;; based on the carrier frequency of TRSO received from gNB.
(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fi;
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Figure 1. Specification-based TRP Doppler pre-compensation scheme
Based on this procedure, network pre-compensates the Doppler shift for DMRS/ PDSCH but not for TRS, and UE specific Doppler shift pre-compensation could be achieved. Both TRS0 and TRS1 can be indicated in the TCI state by DCI based on the QCL assumption with Variant A or C, i.e., TRS0 is associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA) and TRS1 is associated with {average delay, delay spread} or {delay spread}, which means that TRS1 can also be used by UE to estimate the aggregated power delay profile for channel estimation.

In RAN1#102-e, the following two options were identified for the indication to network of the carrier frequency determined by UE based on the received TRS resource(s) in the 1st step.
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework

Option 1 is the UL RS based Doppler estimation by gNB and Option 2 is DL RS based Doppler feedback by UE. We prefer option 1 since the spec impact of option 1 will be much smaller than option 2 and option 2 will cause significant UL feedback overhead. Based on the proposed network based Doppler frequency shift pre-compensation scheme in figure 1, since two TRSs are configured and transmitted for each UE, network can configure or dynamically indicate UE based on which TRS in the 1st step to determine the modulated UL carrier frequency of uplink reference signals / physical channel in 2nd step, otherwise UE may experience a large frequency shift on PDSCH/DMRS, e.g., if UE is located in the middle of the two TRPs, and UE determines its modulated carrier frequency based on TRS1 (i.e., carrier frequency = fc+1.6kHz) but not based on TRS0, then UE will experience 3.2kHz frequency shift on PDSCH/DMRS/TRS0 (i.e., fc-1.6kHz) which will degrade the system performance if the frequency shift is not estimated and compensated properly at UE side. 
In order to indicate UE which TRS should be used to determine the modulated UL carrier frequency, different options can be considered. One option is network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step. Another option is that, if two QCL-Types (e.g., QCL-TypeA and newly defined QCL-Type for {average delay, delay spread} or {delay spread}) are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency. 
Proposal 1: Support UL RS based Doppler estimation by gNB for specification-based TRP Doppler pre-compensation scheme. 
Proposal 2: Support Variant A or Variant C for specification-based TRP Doppler pre-compensation scheme. 
Proposal 3: The following two detailed signalling alternatives can be considered for specification-based TRP Doppler pre-compensation scheme.

· Alt 1: Network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step.
· Alt 2: If two TRSs and corresponding QCL-Types (e.g., QCL-TypeA and newly defined QCL-Type for {average delay, delay spread} or { delay spread}) for DMRS are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency.
3. Conclusion

In this contribution, the enhancements to support HST-SFN deployment scenario are discussed and the following are proposed.
Proposal 1: Support UL RS based Doppler estimation by gNB for specification-based TRP Doppler pre-compensation scheme. 
Proposal 2: Support Variant A or Variant C for specification-based TRP Doppler pre-compensation scheme. 
Proposal 3: The following two detailed signalling alternatives can be considered for specification-based TRP Doppler pre-compensation scheme.

· Alt 1: Network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step.
· Alt 2: If two TRSs and corresponding QCL-Types (e.g., QCL-TypeA and newly defined QCL-Type for {average delay, delay spread} or { delay spread}) for DMRS are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency.
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