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1. Introduction
In RAN#86 meeting the work item on enhanced MIMO support was agreed for Rel-17 [1]. The objectives of WID include enhancements to multi-TRP transmission scheme in HST-SFN scenario. 
	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
[bookmark: _Hlk61733894]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 provide our views on the corresponding enhancements for Rel-17.
1.1. 
2. UE-based compensation scheme 
In RAN1#103-e the following agreements were reached regarding support of UE-based transmission schemes for HST-SFN deployment. In this section we provide our views on the remaining issues. 
	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


1 
2 
Number of TCI states
For scheme 1, active TRS for processing at the UE can be selected based on NW indication (e.g. using MAC CE) or autonomously without explicit signalling assistance from the NW. The use of signalling assistance would be always associated with signalling delays always resulting into some performance degradation. It is therefore natural to allow configuration of a larger set of TRS resources for the UE to minimize MAC CE signalling required for TCI state switching. More specifically, the maximum number of configured TRS resources can be the number of TRPs deployed in one SFN area. Then UE based on the actual TRS measurements autonomously chooses the subset of the active TRS resource (e.g., TRS with higher received power) to be used for the frequency offset estimation and compensation. In this case, the MAC CE based activation of TRS resources may not be required to operate HST-SFN scenario. This approach of TRS selection would be especially beneficial in FR2 to reduce signalling overhead associated with possible activation of TRS resources.
Proposal 1: 
· Support more than two TRS configurations for scheme 1 in FR2 to reduce signaling overhead associated with TRS activation in SFN area with multiple TRPs.
· Selection of the active TRS resources can be made at the UE without additional NW signalling assistance
QCL enhancements 
In RAN1#103e meeting several QCL enhancements were agreed for UE and NW based compensation schemes.
	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


Among the above options, Variant E should be specified for scheme 1, when NW transmits TRS in TRP-specific manner. The indication should be supported by using new QCL types instead of the existing with UE behaviour ignoring certain QCL properties. The advantage of the latter approach of QCL indication is not clear considering the clarity of specification.
In addition of per-TRP transmission of TRS, the scenario when NW additionally transmits TRS in SFN-ed manner (e.g., for backward compatibility purposes) should be also considered as it provides more accurate QCL information. However this option would require three TCI states indication, where the first and second TCI states are associated with TRS transmitted in TRP-specific manner (used for Doppler shift and Doppler spread estimation) and the third TCI with TRS transmitted in SFN-ed manner (used for average delay and delay spread estimation). It is therefore proposed to further study support of the corresponding TRS transmission scheme. 
Proposal 2: 
· For scheme 1 support Variant E for QCL enhancements. 
· Consider QCL enhancement to support HST-SFN scenario with TRS transmitted in SFN (for backward compatibility purposes) and per-TRP (non-SFN) manner 
Configuration details for scheme 1 
In RAN1#103-e two TCI states configuration for PDSCH / PDCCH processing was agreed for scheme 1. The corresponding TCI states indication can be supported by reusing Rel-16 signalling framework defined for URLLC mTRP operation. However, to differentiate with Rel-16, the usage of the scheme 1 should be configurable by higher layer signalling. This can be done by reusing the existing RRC parameter (repetitionScheme) with extended value range (e.g., ‘sfnScheme’) or by introducing a new RRC parameter.
Proposal 3: 
· To support scheme 1, extend the existing RRC parameter (repetitionScheme) with new value (‘sfnScheme’) or introduce a new RRC parameter

Support of scheme 2
In [2-3] link-level evaluation results for scheme 2 with single MIMO layer is provided. It was observed that scheme 2 with DM-RS overhead reduction technique (non QCL-ed antenna ports transmission in the same CDM group and CDM code of length 4) provides better performance than conventional SFN transmission scheme and slightly outperforms scheme 1. The performance gain is obtained through more efficient channel estimation procedure that is carried by the UE for each TRP independently instead of SFN-ed channel. It is therefore proposed to consider support of scheme 2 in Rel‑17 together with DM-RS overhead reduction (e.g. larger CDM). 
Proposal 3: 
· Consider specification of scheme 2 together with DM-RS overhead reduction techniques

3. TRP based compensation scheme
In RAN1#102-e meeting, TRP based frequency offset pre-compensation scheme was identified as candidate for specification. The key idea of the scheme relies on pre-compensation of the frequency offset difference among TRPs relative to the reference TRP. The reference TRP may be any TRP in SFN area, e.g., TRP closest to a current UE position. According to agreements TRP based pre-compensation scheme includes three steps as illustrated in Figure 1.


[bookmark: _Ref54270366]Figure 1 High-level flor of TRP-based frequency offset pre-compensation
3 
Necessity of QCL/QCL-like relation between DL and UL signals
Assuming the first TRP as reference, at the first step the carrier frequency for UL signal transmission at the UE can be determined based on TRS transmitted by reference TRP as follows
,
where,  is carrier frequency,  is Doppler shift from the first TRP and  is UE frequency offset due to RF impairments. If the UL signal is transmitted using frequency   , the frequency estimated by each TRP from the UL signal in step 2 can be defined as follows
.
Non-reference TRP calculates frequency pre-compensation value  by taking the difference between the carrier frequencies estimated on the reference and non-reference TRPs, i.e., 
.
After pre-compensation the carrier frequency of the received DL signal from the non-reference TRP in step 3 can be defined as follows
.
It can be seen that the above procedure ensures that the received frequency of the DL signal from the non-reference TRP   (employing pre-compensation) is the same as the received carrier frequency of the DL signal from the reference TRP. In other words, the above procedure doesn’t compensate the frequency offset of the DL signal, but rather trying to align the frequency offset of the non-reference TRP to the frequency offset of the reference TRP. 
	It should be noted that the above compensation is agnostic to the carrier frequency error at the UE . This means that the procedure of NW based pre-compensation described above should not be dependent on the actual carrier frequency used for SRS transmission as long as it can be received by both TRPs. It is therefore proposed to discuss further necessity of the explicit signalling assistance for QCL/QCL-like relation between DL and UL signals.
Proposal 4: 
· Discuss further necessity of the explicit signaling assistance for QCL/QCL-like relation between DL and UL signals.
Indication / reporting of Doppler shift
In RAN1#103e two options were identified for indication and reporting of the Doppler shift difference between TRPs. The first option relies on the implicit approach where the frequency offset difference is indicated using uplink reference signal transmission, e.g., SRS. The second option is based on the explicit reporting from the UE using CSI framework. In principle the first option may be sufficient to address most of the deployment scenarios. However, in some cases SRS transmission may not be supported on all CCs, where DL transmission can be performed by TRPs. As the result implicit indication of the Doppler shift difference using UL signal(s) may not be always sufficient and explicit reporting based on the DL measurements should be also considered.  
Proposal 5: 
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS. 
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios, where SRS may not be available on all bands

QCL enhancements
In RAN1#103e meeting several QCL enhancements were agreed for UE and NW based compensation schemes.
	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


Among the above options, Variant B should be specified for TRP based compensation scheme. In particular, single TRS transmission would not be sufficient to provide all QCL parameters for PDSCH / PDCCH demodulation as in Rel-15 NR. More specifically, SFN-ed TRS (which is also transmitted for the backward compatibility purpose) can be used at the UE for estimation of QCL parameters except {Doppler shift, Doppler spread} (see Figure 2). Due to frequency offset alignment among TRPs by pre-compensation procedure, {Doppler shift, Doppler spread } component becomes the same or similar across TRPs and, therefore, should be derived from the TRS transmitted by the TRP. 
Proposal 6: 
· For TRP based pre-compensation, support TCI for PDSCH / PDCCH with two TRS configurations based on Variant B
· 1st TRS indicating QCL parameters {average delay, delay spread}
· 2nd TRS indicating QCL parameter {Doppler shift, Doppler spread}



[bookmark: _Ref54352897]Figure 2 Illustration of the QCL signalling for Variant B
4. Conclusion
In this contribution, we have provided our views on the enhancement for HST-SFN scenario in Rel‑17. The following proposals were made: 
· Support more than two TRS configurations for scheme 1 in FR2 to reduce signaling overhead associated with TRS activation in SFN area with multiple TRPs.
· Selection of the active TRS resources can be made at the UE without additional NW signalling assistance
· For scheme 1 support Variant E for QCL enhancements. 
· Consider QCL enhancement to support HST-SFN scenario with TRS transmitted in SFN (for backward compatibility purposes) and per-TRP (non-SFN) manner 
· [bookmark: _GoBack]To support scheme 1, extend the existing RRC parameter (repetitionScheme) with new value (‘sfnScheme’) or introduce a new RRC parameter
· Consider specification of scheme 2 together with DM-RS overhead reduction techniques
· Discuss further necessity of the explicit signaling assistance for QCL/QCL-like relation between DL and UL signals.
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS. 
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios where SRS may not be available on all bands
· For TRP based pre-compensation, support TCI for PDSCH / PDCCH with two TRS configurations based on Variant B
· 1st TRS indicating QCL parameters {average delay, delay spread}
· 2nd TRS indicating QCL parameter {Doppler shift, Doppler spread }
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