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Introduction
In RANP#86 meeting, the WID on multi-TRP operation of Rel.17 was established as below
	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
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 this contribution, we present our considerations on the highlighted part, i.e. HST-SFN for multi-TRP scenario. Note that this tdoc is revised from R1-2008350 which was submitted to RAN1#103e.
Discussions on HST-SFN
In some regions/countries, the NR network deployment for high speed train (HST) scenario takes significant role for user experience and vertical usage. One common operation to provide robust DL coverage is the so-called single frequency network (SFN). Taking the case in Figure 1 as an example, one UE located in a HST can be served by multiple TRPs simultaneously in a SFN manner. Specifically, two TRPs connecting to one BBU from Cell B transmits to the UE with same content occupying the same time-frequency resource. 
[image: ]
Figure 1 [bookmark: _Ref525896046][bookmark: _Ref43973931][bookmark: _Ref45790573] Paradigm of high-speed train and single frequency network (HST-SFN)
For UEs with ordinary velocity, e.g. 3km/h, it doesn’t need to know whether it is served in a SFN mode or not. In other words, the SFN operation normally would be carried out in a spec-transparent manner. However, as for UEs with extremely high velocity, e.g. 500km/h, there are some reasons which call for standard effort to enable the HST-SFN operation. In following sections, we will bring next-level details for discussion.
DL SFN transmission schemes
In RAN1#102e, two enhanced schemes for DL SFN transmission were agreed to be studied
	Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner


Assuming two TRPs serving a UE, we have illustrated these two schemes in Figure 2 where the red ellipse and blue ellipse represent non-SFN and SFN transmission manner respectively. From the description of both schemes, one may easily find out that the common part of two schemes is that TRS is always transmitted in TRP-specific fashion, i.e. non-SFN manner. It therefore facilitates UE to carry out time/frequency tracking from each transmitting TRP. The differential part of two schemes is whether DMRS associated with PDCCH/PDSCH can be transmitted in SFN manner or not. 


 
Figure 2 [bookmark: _Ref54190298] Illustration of scheme 1 (left) and scheme 2 (right)
From the discussion of RAN1#103e, the drawbacks of scheme 2 were revealed. As for scheme 2, given DMRS transmitted in non-SFN manner, it implies that any PDCCH DMRS port can only be transmitted by NW from single TRP. It results in that the single port PDCCH cannot be supported with SFN transmission. Obviously, the DL performance relies on both scheduled PDSCH and scheduling PDCCH, and without decoded DCI a UE would not be able to receive the scheduled PDSCH anyway. In addition, since different DMRS ports are transmitted from different TRPs, the UE detection complexity would be increased when compared with that of scheme 1.  
Observation 1 : For SFN scheme 2, the reliability of PDCCH cannot be enhanced by SFN transmission from multiple TRPs.  
Proposal 1: At least support SFN transmission scheme 1
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
In RAN103e, the following agreements on multiple QCL assumptions were achieved. 
	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


Specifically, the constraint on the number of QCL assumption for the same DMRS port(s) is relaxed. For FR1, up to 2 TCI states can be indicated for the same DMRS port(s). For FR2, there is possibility to support more than 2 TCI states for the same DMRS port(s). Due to the channel character of wireless channel at FR2, there could be cases where more than 2 TRPs serve UE in SFN manner simultaneously to guarantee its DL performance. Hence, we have
Proposal 2: Study and evaluate whether to support more than 2 TCI states indicated for the same DMRS port(s) at FR2. 
In addition, it could be beneficial for a UE located in an HST served not only by TRPs in its serving cell(s), but also TRPs associated with nearby non-serving cell(s). This operation aligns with the spirit of SFN operation, because in SFN mode, a UE doesn’t need to be aware of targets cell(s) nearby. It implies that a UE doesn’t need to know where the DL transmission comes from. Either from serving cell and/or from non-serving cell(s) in SFN manner is implementation-friendly for UE to carry out reception. 
But from NW configuration point of view, the QCL assumption from TRPs in non-serving cell should be allowable to UE. In our accompany paper [2], the concept of the so-called “universal” TCI states has been discussed and proposed. It extends the QCL assumption from the TCI states configured in serving cell(s) to TCI states configured in non-serving cell(s) with PCI either explicitly configured or implicitly associated. Hence, we have following
Proposal 3: To further enhance the HST-SFN operation, the QCL assumption for a UE to receive PDCCH/PDSCH could be extended from its serving cell(s) to non-serving cell(s).
Doppler offset pre-compensation
In HST scenario, a UE served by multiple TRPs in an SFN manner would inevitably experience the effect of Doppler shift. When the UE approaches toward a TRP, the Doppler effect brings positive frequency offset. At the same time, the UE may also leave away from another TRP, so the Doppler effect introduces negative frequency offset. Combining above two Doppler effect, the total frequency offsets could be comparable to the applied SCS. Let’s take a FR2 example here. Assume train speed up to 500km/h and operating @39GHz with SCS 120kHz or 240kHz, the Doppler offset in extreme cases could be up to 180kHz. In RAN1#102e, the 3-step scheme of frequency offset pre-compensation was established for discussion purpose as
	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.


Assuming the above pre-compensation scheme is just for discussion, but not supported finally, the implementation complexity at UE to handle the Doppler shift would be high. The performance benefits of SFN transmission might be deteriorated by the Doppler effect. As a UE vender, we believe there is surely a strong motivation for NW to pre-compensate the DL Doppler offset.
Proposal 4: Support the function of Doppler offset pre-compensation at NW side for UE served under the HST-SFN scenario.
QCL-Type of TRS
The specification in Rel.15/16 allows TRS resource serves as QCL sources in DL. For DL channels, normally TRS provides QCL information in either QCL-TypeA or QCL-TypeA + QCL-TypeD (when QCL-TypeD applicable). Take the case of Doppler offset pre-compensation in Figure 3, NW selects TRP#0 as an anchor TRP and allows TRP#1 to pre-compensate its DL RF to the anchor frequency. The anchor frequency is the frequency where the UE receives the un-compensated TRS#0. 
For conducting QCL information, since TRS#0 is not pre-compensated and PDCCH/PDSCH are received at the anchor frequency at UE which is aligned with that of TRS#0. So TRS#0 is applicable to serve as source RS for QCL-TypeA + QCL-TypeD. But as for TRS#1, since it is not pre-compensated to the anchor frequency, the UE cannot assume TRS#1 and DMRS of PDCCH/PDSCH have the same characters of Doppler offset in frequency domain. So TRS#1 from TRP#1 (non-anchor TRP) cannot serve as source RS in certain QCL-types, i.e. QCL-TypeA, QCL-TypeB or QCL-TypeC. Note that QCL-TypeA and QCL-TypeB contain {Doppler shift and Doppler spread}, and QCL-TypeC contains {Doppler shift}. So, we have 
Observation 2 : For TRS transmitted by non-anchor TRP, it is no longer applicable to serve as source RS for conducting QCL-TypeA, QCL-TypeB or QCL-TypeC for PDCCH/PDSCH DMRS transmitted in SFN manner. 


Figure 3  Multi-TRP Doppler offset pre-compensation to an anchor frequency
In RAN1#103e, the following agreement on variants of new QCL-Type and/or UE behavior was made
	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


For UE receiving PDCCH/PDSCH from non-anchor TRP(s), the QCL information in time domain i.e. delay spread and average delay and spatial domain, i.e. spatial Rx filter are still valuable and necessary. To solve this problem, one alternative is to define a new QCL type which only contains {delay spread, average delay}. Another alternative is to let UE ignore the frequency related part of indicated QCL assumption, i.e. {Doppler shift, Doppler spread} from the TRS transmitted from non-anchor TRP and only to take the remaining part as QCL assumption. Since the latter option may only slightly change UE behavior in RAN1 specification, we have  
Proposal 5: For TRS transmitted by non-anchor TRP, support to specify UE behavior that UE should ignore the QCL assumption related to {Doppler shift, Doppler spread}.
Moreover, from UE perspective, if the UE ignores the frequency part of QCL assumption from non-anchor TRP, then the UE should know which TRP is the anchor TRP with an anchor frequency and which TRP(s) is/are not. This deployment can be done by NW planning and the signaling can be designed as well 
Proposal 6: NW should configure or indicate which TRS is used for frequency anchor, when the Doppler offset pre-compensation is carried out at NW side.
Signaling aspects
In RAN1#102e, as for Doppler offset pre-compensation, the following agreement was obtained. It seems that after the 1st step, a UE either implicitly or explicitly reports the measured Doppler shift(s) from TRS. 
	Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined 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
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
· Note: Other aspects/schemes are not precluded


Due to UE hardware implementation, there could be frequency offset introduced by oscillator error at UE side. This frequency offset can only be observed at UE side. So, if UE transmits SRS in the frequency in which it receives TRS in 1st step (anchor frequency), there could be 2 times of Doppler frequency offset plus UE oscillator error observed by TRP. Hence, NW is not able to accurately estimate the Doppler offset and carry out its pre-compensation. But if UE could explicitly report what it observed via CSI framework, NW can then estimate not only Doppler frequency offset, but also the oscillator error at UE side. As a result, the frequency offset pre-compensation could handle the frequency offset introduced by Doppler shift and oscillator error.
Proposal 7: From signaling perspective, support explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework.
In the 2nd step of Doppler offset pre-compensation, a UE transmits SRS at the anchor frequency where the UE receive TRS. At least at FR2, the UE should transmit the SRS with spatial relation which was used for reception of its corresponding TRS. To simplify L1 signaling, NW could initiate the 3-step Doppler frequency offset pre-compensation procedure by triggering DL SP/AP-TRS followed by UL SP/AP-SRS within a single DCI. Since both DL and UL beam indication are involved, it is reasonable to apply the unified TCI. 
Proposal 8: [bookmark: _Hlk61602375]For the procedure of Doppler frequency offset pre-compensation, support one unified TCI state in DCI to trigger SP/AP-TRS followed by SP/AP-SRS. 
· Note that the UL spatial transmission filter of SRS corresponds to the DL spatial reception filter of TRS. 
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: At least support SFN transmission scheme 1
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
Proposal 2: Study and evaluate whether to support more than 2 TCI states indicated for the same DMRS port(s) at FR2. 
Proposal 3: To further enhance the HST-SFN operation, the QCL assumption for a UE to receive PDCCH/PDSCH could be extended from its serving cell(s) to non-serving cell(s).
Proposal 4:  Support the function of Doppler offset pre-compensation at NW side for UE served under the HST-SFN scenario.
Proposal 5:  For TRS transmitted by non-anchor TRP, support to specify UE behavior that UE should ignore the QCL assumption related to {Doppler shift, Doppler spread}.
Proposal 6:  NW should configure or indicate which TRS is used for frequency anchor, when the Doppler offset pre-compensation is carried out at NW side.
Proposal 7:  From signaling perspective, support explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework.
Proposal 8:  For the procedure of Doppler frequency offset pre-compensation, support one unified TCI state in DCI to trigger SP/AP-TRS followed by SP/AP-SRS. 
· Note that the UL spatial transmission filter of SRS corresponds to the DL spatial reception filter of TRS. 
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