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In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP HST-SFN enhancements:
3. 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
Up to 3GPP RAN1 Meeting #106-e, agreements were achieved for M-TRP HST-SFN enhancements and some are captured below:
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
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
Agreement
Support the following combination of the transmission schemes
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.
Agreement
For Rel-17 TRP-based pre-compensation scheme, indication of carrier frequency for uplink transmission (Doppler frequency reporting) in TRP-based pre-compensation scheme is supported using 
· Option 1 Implicit from RAN1#102-e agreement
· FFS enhancements to SRS (e.g multiple SRS resource in a set) to improve the accuracy of frequency estimation
For Option1, some companies raised concerns that there is no consensus on the benefit and the applicability of this scheme in FDD.
For Option1, some companies raised concerns that there is no benefit in low SNR scenarios.
Agreement
For TRP -based pre-compensation
· Alt-1: QCL parameters are dropped from the second TCI state of the indicated TCI codepoint containing two TCI states
Conclusion
For Variant A and B (if supported)
· For frequency offset pre-compensation QCL -like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by implementation without specification impact
Agreement
Confirm working assumption from RAN1#105e meeting without modification:
For TRP -based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Support of Variant B 

In this contribution, some remaining details on HST-SFN enhancement as part of multi-TRP support are discussed.
Discussion 
Scheme combinations
Several combinations of schemes have been agreed and some more combinations are under discussion. For simplicity, some companies support PDCCH and PDSCH with the same schemes but not other schemes. However, there are many differences between PDCCH and PDSCH. For example, even though they experience essentially the same large-scale propagation channels such as with the same pathloss and shadowing, the MIMO channel properties are quite different for them. The designs of PDCCH and PDSCH are also different, including the coding schemes, link adaptation, etc. Furthermore, the requirements for PDCCH and PDSCH also differ significantly. It would be useful for the gNB to optimally decide the best transmission schemes for PDCCH and PDSCH, respectively. Forcing PDCCH and PDSCH to use the same scheme would cause performance degradation for both the gNB and UE. It is understandable that the complexity to support many combinations would be high. However, RAN1 has already agreed that many of the M-TRS features are optional and the combinations are also being discussed as optional UE features. Thus, we prefer to support the combinations as optional UE features, and more discussions can be done during UE feature design stage.
Our preference is captured in below table:

	
	
	PDSCH

	PDCCH
	
	Rel-15
	Rel-16
	Scheme 1
	Pre-compensation

	
	Rel-15
	N/A
	N/A
	Supported
	Supported

	
	Rel-16 URLLC
	N/A
	N/A
	support
	support

	
	Scheme 1
	support
	support
	Supported 
	No supported

	
	Pre-compensation
	support
	support
	Not supported
	Supported



Proposal 1: For combinations of transmission schemes, also support Rel-17 PDCCH SFN schemes combined with Rel-15/16 PDSCH schemes and Rel-16 PDCCH URLLC scheme combined with Rel-17 PDSCH SFN schemes as optional UE features.

QCL Variant B
For TRP-based pre-compensation SFN scheme, the following TRS/DMRS design has been discussed: no pre-compensation for TRS Doppler shifts, with TRP-specific TRSs (TRP 0 transmits TRS 0, and TRP 1 transmits TRS 1), however, the TRSs are not on orthogonal resources but on overlapping resources so that a legacy SFN with different Doppler frequencies is formed for the first set of TRS 0/1. The first TRS SFN cannot be used for Doppler estimation but can be used for delay profile estimation. Then for Doppler estimation, a second TRS (TRS 2) by TRP 0 also transmitted. UE can receive SFN DMRS with pre-compensation. For TRP-based pre-compensation SFN scheme, Variant A or Variant B may be adopted. However, as Variant A is already agreed to be supported, it is unclear why Variant B needs to be further considered. Also this scheme requires 2 sets of TRSs (in fact 3 TRS transmissions for the 2 sets of TRSs) and UL signal. Therefore, it seems this scheme may not be necessary and Variant B is not necessary.
Proposal 2: For TRP-based pre-compensation, do not provide additional support of Variant B.

TRP-based pre-compensation in FR2
Regarding whether to support TRP-based pre-compensation in FR2, we have the following views:
· TRP-based pre-compensation in FR2 may be challenging due to the high Doppler shift. It has been estimated before that around 100 kHz or more Doppler shift is possible if the carrier frequency is high and the HST speed is a few hundred kilometers per hour. The feasibility of FR2 pre-compensation is not clear.
· Beam management for HST FR2 may be challenging. Due to the very high mobility of the HST, for the UE / TRPs to form stable FR2 beams and support high-efficient or high-reliability transmissions may be difficult. It may seem that the beams can be viewed as a straight line along the moving direction of the HST and hence the beamforming does not need to be quickly adapted as the HST moves; however, in reality, the beamforming direction is not parallel to the HST moving direction, and the beamforming direction needs to be constantly adjusted. Furthermore, as the HST moves closer / farther to the TRP, the RSRP will change quickly, which may require different beamforming gains. It is unclear if fast beam management for HST can be supported sufficiently realistically.
· FR2 waves may not penetrate the metal HST body, especially if the HST is not very close to the TRP due to the high pathloss at high frequency.
· For FR2, the UE is usually equipped with multiple panels. It is unclear how SFN may be supported with multi-panel UEs. The combining of the separately received signals has to be combined by the UE before further processing, but this operation is very different from other non-SFN operations as each of the panels usually processes the separately received signals separately.
· Though FR2 is supported for Scheme 1 SFN, the practicality is also questioned by some companies. Anyway, it seems not justified to spend extra effort on FR2 pre-compensation scheme.
Therefore, we suggest not to support FR2 for the TRP-based pre-compensation.
Proposal 3: Do not support FR2 for the TRP-based pre-compensation.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed Rel-17 SFN-HST enhancements. The following are proposed:
Proposal 1: For combinations of transmission schemes, also support Rel-17 PDCCH SFN schemes combined with Rel-15/16 PDSCH schemes and Rel-16 PDCCH URLLC scheme combined with Rel-17 PDSCH SFN schemes as optional UE features.
Proposal 2: For TRP-based pre-compensation, do not provide additional support of Variant B.
Proposal 3: Do not support FR2 for the TRP-based pre-compensation.

