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Introduction
Release-17 RAN1 work-item on further enhanced MIMO (FeMIMO) in [1] scoped the following for the enhancement of high-speed train – single frequency network deployment for both FR1 and FR2. 
	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 this contribution, we discuss the enhancement for HST SFN deployment including transmission schemes for PDSCH/PDCCH and addressing aspects related to signaling and configuration. 
SFN scheme 1 (PDSCH)
It was agreed to support enhanced SFN scheme 1 in Rel-17 where DMRS and PDCCH/PDSCH are transmitted from both TRPs in SFN manner whereas the DMRS ports are associated with at most two TCI states for both FR1 and FR2. The DMRS port(s) of PDCCH/PDSCH are associated with two TCI states containing TRS as source reference signal where both TCI states are associated with QCL-TypeA and each TCI state may be additionally associated with QCL-TypeD.
Configuration of SFN scheme 1 (PDSCH)
The UE processing for the enhanced SFN scheme is different from single TRP and the other Rel-16 M-TRP transmission scheme (TDM/FDM and SDM). For the UE to be prepared for the DL reception of the enhanced SNF scheme, an RRC configuration should be introduced. This is similar to Rel-16 RAN4 discussion, where new RRC parameters (highSpeedDemodFlag-r16 and highSpeedMeasFlag-r16) are introduced for legacy SFN scheme for enhanced demodulation processing and enhanced RRM requirements. In the RAN1 meeting #104bis-e, it was agreed to identify SFN Scheme 1 (PDSCH) by introducing new RRC parameter in addition to the two TCI states indication. 
	Agreement
Scheme 1 for PDSCH is identified by
· New RRC parameter and the number of TCI states indicated by DCI
· FFS RRC configuration details, e.g., per BWP or per CC
· FFS whether or not restriction to a single CDM group for DM-RS is also supported



The new RRC parameter should be configured per CC and not per BWP. This is important for the UE to guarantee same transmission schemes across the different BWPs of the component carrier. If scheme 1 RRC parameter is configured on the BPW level, then one BWP may be configured for scheme 1 while another BWP may not be configured for scheme 1. In this scenario, a downlink DCI may indicate BWP switching to a different BWP which may or may not configured with scheme 1 RRC parameter. This in turns acts as dynamic switching between scheme 1 and other transmission scheme which is not favoured for UE implementation. Also, In Rel-16, RAN4 introduced the highSpeedDemodFlag as a cell specific parameter of a UE's serving cell. In addition, there is no reasons why a change of BWP would require changing the transmission scheme from SFN scheme to other M-TRP PDSCH schemes in HST environment. 


Figure 2‑1: BWP switching between two BWPs where scheme-1 configuration is absent in one BWP.
Observation 1: Dynamic switching between scheme 1 and other transmission schemes may happen if scheme 1 is configured per BWP. In addition, a change in BWP in HST environment wouldn’t justify the change of the PDSCH transmission scheme.
In addition, introducing the RRC parameter on the CC level enable common signalling of identifying scheme-1 for both PDCCH and PDSCH. 
Observation 2: Per-CC RRC parameter of scheme-1 enables common signalling for the identifying scheme-1 for both PDCCH and PDSCH and reduce RRC overhead.
Proposal 1: Support per-CC configuration of higher layer parameter for the introduction of SFN scheme 1 (PDSCH).
Another discussion point is the DM-RS restriction to single CDM group. In our views, this is unnecessary restriction as it limits the DL transmission to rank-2 with single DMRS configuration. To achieve higher than rank-2 with double DMRS symbols, this will come with large DMRS overhead as additional DMRS positions are needed for high-speed deployment. Also, the quality of DMRS channel estimation with TD-OCC (i.e., Double DMRS symbols) is degraded in high mobility scenarios.  
Observation 3: Single DM-RS CDM group is unnecessary restriction.
Proposal 2: Restriction to a single CDM group for DM-RS is NOT supported for scheme 1.
Switching between scheme-1 (PDSCH) and other transmission schemes
In the previous RAN1 meetings #104-e and #104b-e, the switching between SFN scheme1 and Rel-16 M-TRP schemes was discussed. It was agreed to support semi-static switching between scheme 1 and TDM/FDM/SDM M-TRP schemes.
	Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

Agreement
Support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a
· FFS: Whether dynamic switching is additionally supported

Agreement
· Support dynamic (DCI-based) switching of scheme 1 (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2
· This feature is UE optional
· FFS all other details including RRC signalling, possible RAN4 impact (if any), etc.




We fail to see the need to additionally support dynamic switching of scheme-1 with scheme 1a (SDM) as separate additional UE feature. These are two different transmission schemes with different use-cases: improved reliability versus increase capacity. In HST environment, there is no evident justification or any use case that necessitates dynamic switching between these two schemes. 
Proposal 3: Dynamic switching of scheme 1 (PDSCH) and Rel-16 schema 1a as additional UE feature is NOT supported.

Broadcast PDSCH reception 
UE may receive fallback DCI format 1_0 that schedule PDSCH carrying broadcast info (e.g., SIB1, OSI, paging). According to clause 5.1 [38.214], the UE receives the PDSCH that scheduled by DCI format 1_0 with SI-RNTI or P-RNTI and assumes the that the DM-RS port is QCLed with the associated SSB with respect to QCL Type-A properties and QCL Type D.
	Clause 5.1 – 38.214 
“When receiving PDSCH scheduled with SI-RNTI or P-RNTI, the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable”




There could be two different scenarios for the transmission of the broadcast PDSCH and the SSB, either sent from one TRP or both TRPs in SFN manner. The UE is not aware which transmission schemes is assumed by the gNB. 
· Case-1: PDSCH and SSB is sent from one TRP.
· Case-2: Both PDSCH and SSB are sent from both TRPs in SFN manner.
Case-2 represents legacy transparent SFN transmission which suffers from poor Doppler frequency tracking. On the other hand, case -1 is simpler solution with less overhead and can accommodate as well legacy UE operating in single TRP mode. 
Observation 4: UE is not aware whether the broadcast PDSCH and associated SSB is sent from single TRP or both TRPs in SFN manner. 
Proposal 4: UE doesn’t expect the broadcast PDSCH and associated SSB is sent in SFN manner.
Association between TRS and SSB
In Rel-15, the TRS should expect a TCI state with QCL type C with an SSB in addition to an optional QCL TypeD with the same SSB or a CSI-RS. For SFN Scheme-1, when the TRSs are transmitted from each TRP (i.e. TRP-specific TRS), they may be associated with the same SSB index as QCL reference RS. If SSB is transmitted in SFN manner, then there will be ambiguity as well as QCL violation where the Doppler shift and average delay from the reference RS does not match the one from the TRS. This is clarified in Figure 2‑2.


[bookmark: _Ref71202359]Figure 2‑2: QCL ambiguity with SFN SSB in scheme 1
To avoid this ambiguity, the RRHs within the same cell should use different sets of SSB indexes (e.g.  RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7). 



Figure 2‑3: Example of SSB planning across two TRPs
Proposal 5:  SSB planning across RRH/TRPs should be based on TRP/ RRHs specific SSB, not SFN SSB.

TRP-based frequency pre-compensation (PDSCH)
TRP-based Doppler shift pre-compensation is a network-based solution in which network estimates the differential downlink Doppler shift frequency experienced from each TRP (e.g., by using the UE uplink signals) and then compensates DL transmission from one TRP relative to the other RPR by the corresponding differential Doppler frequency shift. This mechanism should help improving the DL throughput as theoretically, the received DL signal from each TRP should have the same Doppler shift and small Doppler spread as compared to no compensation scheme.
QCL assumptions of the DM-RS
There are two main approaches for network-based pre-compensation schemes based on the TRSs configuration. In the first scheme, The TRSs are transmitted in non-transparent manner from both TRPs to the UE (i.e., TRP-specific TRS). The second scheme is a backward compatible enhanced SFN scheme 1 where the first TRS (TRS1) is transmitted in SNF manner from both TRS while TRS2 is transmitted from single TRP. For each scheme, the two TCI states have different QCL configuration for the source TRS reference signal as summarized in the Table below. 
Based on RAN1-103e agreement of the QCL variant, the first scheme is referred as variant A and the second scheme is referred as variant B.
	SFN Transmission Scheme
	TCI state #1
	TCI state#2
	QCL Variant

	BC SFN TRS
	QCL Type B
	QCL Type = {‘average delay’, ‘delay spread’}
	Variant B

	Distributed TRS
 (TRP specific TRS)
	QCL Type A
	QCL type = {‘average delay’, ‘delay spread’} 
	Variant A


From UE processing, variant A requires extra overhead where UE requires to time process TRS1 and TRS2 and then combine both channels to obtain the overall delay spread and average delay of the SFN channel as shown in Figure 3‑2. However, variant B, UE needs to process TRS0 which has the combined Channel across both TRPs over the air. This is explained in Figure 3‑1.


[bookmark: _Ref68540895]Figure 3‑1: TRP Pre-compensation scheme with variant B


[bookmark: _Ref68540850][bookmark: _Ref68540845]Figure 3‑2: TRP Pre-compensation scheme with variant A
A summary between both schemes comparing different aspects included performance, UE complexity, backward compatibility and TRS overhead is presented in Table 1.
[bookmark: _Ref61723976]Table 1: Comparison summary between QCL variant A and variant B
	
	Variant B
	Variant A

	Performance
	Similar

	UE complexity
	Lower
	Higher

	Backward Compatibility
	Yes
	No

	TRS overhead
	Similar +


+ variant A may require extra TRS overhead to support Rel-15/16 UE with legacy SFN scheme.
In the last RAN1 meeting #106-e, it was agreed to confirm the working assumption where variant A is supported for TRP-based pre-compensation. In our views, variant B should be additionally supported to enable both backward compatible scheme and reduce UE complexity. 
	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 




Proposal 6: Variant B is additionally supported.

[bookmark: _Ref47528681]Indication of Doppler shift per-TRP
Regarding the indication of the Doppler shift to enable TRP-based pre-compensation, two options were discussed whether implicitly estimated by TRPs from the UE UL RS transmission or explicitly reported by the UE as part of the CSI reporting to the gNB. It was agreed in the last RAN1 meeting #106e to support implicit indication based on gNB estimation from UL RS.
	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.




Enhanced SRS waveform for Doppler estimation in UL 
Doppler shift/FO estimation can be done based on differential phase measurement between two chunks of time domain samples or between two coherent OFDM symbols in case that they are available for the estimation. Similarly, Doppler spread, or channel time correlation measurement can be done based on a cross correlation measurement between two OFDM symbols carrying coherent RS REs. All the Doppler related estimations in DL can be done based on TRS signal. However, UL channel currently does not have any TRS equivalent and Doppler tracking ability in UL is limited and should be enhanced. 
Assuming implicit Doppler shift indication option with differential Doppler shift measurement in UL between different TRPs for a more robust pre-compensation, and minding QCL related assumptions and limitations, SRS is the only convenient UL RS type that can be used as a basis for differential Doppler shift measurements based on its transmission simultaneously to both TRPs.
Putting aside, QCL related limitations for UL RS to be used for implicit Doppler shift indication, Doppler shift estimation in UL for each one of the TRPs separately can be based also on UL DMRS/PTRS in general, but these options are valid only once PUSCH allocation is scheduled and are also limited and not flexible enough (because of DMRS/PTRS TD/FD patterns and allocation BW) in order to allow a robust and sufficiently accurate Doppler shift estimation in different scenarios minding max Doppler shift range, SNR variations, channel frequency selectiveness characteristics and other factors like some deployment parameters (SCS, carrier frequency) as will be shown further.
Assuming SRS as a basis for Doppler shift estimation in UL, typically there are no repetitive and coherent intra slot or inter slot SRS symbols that share the same antenna port, same QCL, same REs and can be used for Doppler shift estimation. However, given a comb structure of SRS mapping in frequency domain, even a single SRS symbol is convenient in general for time-domain based Doppler estimation but this measurement allows only a relatively very poor accuracy as will be shown in the next section. 
Evaluation results showing Doppler shift estimation accuracy (in terms of estimation error std) that are obtained with a TD based estimation using a single SRS symbol are provided on figure 5-1 as a function of SNR per RE. Estimation accuracy evaluation is tested through introduction of the intentional FO on the transmitter side to have a known reference for estimation error statistics derivation on the receiver side.  Different curves represent a different assumed SRS BW. 
[image: ]
Figure 5‑1 TD based Doppler shift/FO estimation accuracy (single SRS symbol, LOS channel, Doppler shift/FO=1000Hz) 
The evaluated results provide a pessimistic bound of the achievable accuracy since assume 1T1R configuration and are addressed mostly for a relative comparison of different options. However, even with this disclaimer, it can be seen, that TD based estimation allows a very poor estimation accuracy for low/mid SNR and for NB allocation in general. 
FD based estimation results where 2 non-consecutive SRS symbols are assumed with a different time gap selection between them are provided on figure 5-2 for the same scenario for relative comparison. 
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Figure 5‑2 FD based Doppler shift/FO estimation accuracy (2 non consecutive SRS symbols, LOS channel, Doppler shift/FO=1000Hz) 
Using 2 SRS symbols allows to introduce a frequency-domain based estimation with a higher time gap for differential phase observation compared to a TD based estimation and, correspondingly, a much better estimation accuracy can be achieved. Increasing the time gap between 2 SRS symbols from 2 to 8 OFDM symbols time allows to reduce the estimator variance/std even further (higher the time gap, lower the variance). 
Even the lowest tested SRS BW (10RBs) in case of 2 SRS symbols assumption allows to get much better accuracy compared to a single SRS symbol-based estimator with the max tested BW (100RBs). If the same number of resources is assumed (on a single symbol or on two symbols together), then even with the lowest tested time gap for FD based approach (2 symbols gap) we get around 4 times lower std than with TD based approach (single SRS symbol). Given that allocation BW and the corresponding transmission power are exchangeable characteristics in case of a flat channel, the same observation can be done in terms of SRS transmission power. Using NB SRS allocation with a fixed transmission power allows to avoid a negative SNR per RE on SRS for a wider range of scenarios (better SRS coverage).
Observation 5: FD based Doppler shift estimation using 2 non consecutive SRS symbols allows much more accurate estimation compared to a TD based estimation with a single SRS symbol while the same number of resources is assumed for both cases or alternatively the same equivalent SRS transmission power is assumed. 
Observation 6: Accuracy of FD based Doppler shift estimation using 2 non-consecutive SRS symbols is improving as the time gap between the two SRS symbols is increasing. 
Maximum time gap that can be used between two SRS symbols in case of LOS channel (or near LOS channel) is limited by the highest Doppler shift/FO to be estimated minding that estimation ambiguity should be avoided (). The maximum Doppler shift that may be relevant for one of the TRPs, while SRS with implicit Doppler shift indication is employed, will be obtained for UE residing at the mid track location and moving with a maximum speed of 500 km/h. Assuming SRS QCLed with one of the TRSs (corresponding to one of the TRPs) that is received simultaneously by both TRPs, the maximum Doppler shift that may be observed by one of the TRPs will be ~3000Hz assuming fc=3.5Ghz. In this extreme case, the maximum time gap between 2 SRS symbols should be limited to 4 symbols time to avoid estimation ambiguity. For low/negative SNR scenario, an additional back off from this maximum time gap may be taken for robustness. FD based estimation results obtained assuming 2 SRS symbols with time gap of 4 symbols time are provided on figure 5-3 for scenarios where FO=3000Hz is introduced. 
Additional improvement in the Doppler shift estimation accuracy for this scenario can be achieved in case that 3 SRS symbols with a different time gap between them are assumed and a more advanced two steps FO estimation algorithm that allows to overcome the ambiguity issue is used. With a coarse estimation at the first step that can be based on a smaller time gap (is resilient to phase ambiguity), a higher time gap of 8 symbols time can be used for the second estimation step that will allow to obtain a more accurate estimation for this scenario as well (same accuracy as for FO=1000Hz from the previous scenario). Estimation results associated with 3 SRS symbols assumption are also provided on figure 5-3. Single SRS symbol based (TD) results for several BW options are provided on the same plot for comparison.
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Figure 5‑3 FD and TD based Doppler shift/FO estimation accuracy (1 or 2 or 3 non consecutive SRS symbols, LOS channel, Doppler shift/FO=3000Hz) 
From the results on figure 5-3, it can be observed that Doppler shift estimation accuracy in case of 2 or 3 SRS symbols with a NB SRS allocation (10 or 20 RBs) significantly overperforms a single SRS based estimation with a WB SRS allocation (100 RBs) that requires a higher overall number of resources or a higher SRS transmission power equivalently. Usage of 3 non consecutive SRS symbols with a more advanced Doppler shift/FO estimation algorithm allows a significant estimation accuracy enhancement especially in case of a low SNR/power limited regime and is robust to an extreme Doppler shift values range. Other variant of 2 step estimation algorithm where the coarse estimation is done using a single SRS symbol (TD based estimation) and the second estimation step is based on two SRS symbols (FD based estimation) can be also suggested (overall assumes 2 SRS symbols), but the time gap between SRS symbols in this case may be limited by a poor coarse step estimation accuracy such that overall estimation performance will be degraded compared to 3 SRS symbols scenario. 
Observation 7: A more advanced Doppler shift/FO estimation algorithm that assumes a 3 non consecutive SRS symbols allows a significant estimation accuracy enhancement especially in case of a low SNR/power limited regime and is robust to an extreme Doppler shift values range. 
FD based estimation approach can be improved for some extend for low SNR if comb-8 pattern is used for SRS. Comparison of different comb options for SRS with a 2 SRS symbols assumption and FD based estimation is provided below for FO=3000 scenario.
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Figure 5‑4 Different comb options for SRS (2 non consecutive SRS symbols, LOS channel, Doppler shift/FO=3000Hz) 
As can be seen from figure 5-4, comb-8 option gives a higher resilience for low SNR because of extra boosting on the occupied by SRS REs. 
In general, FD based estimation also allows a lower complexity compared to TD based estimation and especially once NB SRS allocation is used and FD multiplexing of different UEs is assumed. Comb-8 SRS mapping will allow even a more reduced complexity of FD based estimation. Given a high possible Doppler shift value, several UEs multiplexing with SRS transmission on a different comb offsets on the same OFDM symbol may introduce significant ICI leakages between different UEs.  To reduce the ICI related floor in this scenario, comb-8 mapping option with a limited number of the used comb offsets (that are mutually spaced) for multiplexing of different UEs can be suggested. This approach should be beneficial in terms of overall SRS overhead reduction in UL in context of Doppler related estimations.  
Observation 8: Comb-8 mapping option for SRS that is used for implicit Doppler shift indication in UL allows to improve FD based estimation accuracy for low SNR regime. 
Observation 9: Comb-8 mapping option for SRS that is used for implicit Doppler shift indication in UL may allow a better resiliency to mutual ICI leakage between SRS transmissions allocated on the same OFDM symbol and the same range of RBs and associated with a different multiplexed UEs. 
Some of the results provided before for AWGN channel are repeated on figures 5-5,5-6 also for CDL-B channel as a representative of a non-LOS scenario or a scenario with a relative weak LOS component that may be relevant in case of UE residing inside the train as opposed to a train mounted UE. 
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Figure 5‑5 FD based Doppler shift/FO estimation accuracy (2 non consecutive SRS symbols, NLOS channel, Doppler shift/FO=1000Hz) 
[image: ]
Figure 5‑6 FD and TD based Doppler shift/FO estimation accuracy (1 or 2 or 3 non consecutive SRS symbols, NLOS channel, Doppler shift/FO=3000Hz) 
It can be seen, that frequency selectiveness of the channel degrades FO/Doppler shift estimation accuracy that can be achieved for both FD based and TD based estimation approaches. However, it can be observed that FD based estimation that assumes several non consecutive SRS symbols  preserves its significant relative advantage compared to a single SRS symbol based estimation. Additionally, given a sufficiently high SNR, a relatively NB SRS allocation can still be used in case of frequency selective channel allowing to achieve a reasonable estimation accuracy. More accurate and robust FO estimation results may be achieved in case of CDL-B channel with a different and lower time gaps between SRS symbols compared to LOS/AWGN channel (meaning that optimal TD pattern for SRS depends also on the channel type among other factors). 
Observation 10: NB SRS allocation for Doppler shift/FO estimation based on a nonconsecutive SRS symbols allows to achieve a reasonable estimation accuracy for sufficiently high SNR (including frequency selective channels).  
In a real scenario with a NLOS/weak LOS component/frequency selective channel and a high speed of UE movement (not just a synthetic FO addition as was used in our evaluations), a non negligible Doppler spread may exist and may limit channel time coherency. Correspondingly, in these scenarios, it may be beneficial to estimate Doppler shift based on a relatively smaller time gap between two SRS symbols in order to a better decorrelate Doppler shift estimation from the time coherency decay due to a Doppler spread. 
For scenarios where meaningful Doppler spread exists in the channel, it will be beneficial for gNB to track this Doppler characteristic (or channel time correlation equivalently) to assist in UL DMRS adaptation, PUSCH channel estimation and link adaptation. The ability to differentiate between a Doppler shift and a Doppler spread characteristics depends on the channel type in general and requires obtaining cross correlation measurements for at least two different time gaps between the SRS symbols (one time gap for Doppler shift estimation and the second time gap for channel Doppler spread/time correlation estimation after Doppler shift removal). Availability of 3 non consecutive and coherent SRS symbols with properly selected time gaps between them can allow more accurate and reliable estimation  for both Doppler shift and Doppler spread characteristics for relevant scenarios. 
Observation 11: Different spacing between 2 SRS symbols would be required for reliable Doppler shift and Doppler spread measurements.
Based on the provided simulation results and some additional mentioned considerations, the following observation can be done:
Observation 12: Two or more non consecutive SRS symbols with adaptively selected time gaps between them can allow to optimize Doppler shift estimation accuracy for different scenarios depending on UE speed, UE location on the track, SNR, channel type/characteristics, deployment parameters and other factors. 
Current Rel-16 spec enables up to 4 SRS resource/port repetitions on 4 consecutive SRS symbols and allows only too small-time gap between two SRS symbols that cannot allow to achieve an optimized Doppler estimation accuracy for different scenarios. In addition, even if the allowed number of SRS resource/port repetitions will be increased, usage of a TD pattern that has multiple consecutive SRS symbols for Doppler parameters estimation will be not efficient and will increase SRS overhead (some of the repetitions will not be required/unable to improve estimation accuracy and will just waste UL resources and some portion of UE power).
Addressing a two-symbol combination of SRS resources from different SFs is also a very limited and not convenient option since coherency between different slots is likely to be disrupted and also the obtained time gaps between SRS symbols may be too high and not appropriate for reliable Doppler estimation in most of the scenarios. 
Based on all the provided considerations, to allow a more accurate and robust Doppler estimation in UL for a variety of different possible scenarios without an excessive SRS overhead, we suggest introducing a new option of SRS waveform/TD pattern for Doppler tracking purposes, which will allow allocation of at least two none-consecutive intra slot SRS symbols carrying an identical signal with a configurable time gap between SRS symbol locations. 


Proposal 7: Introduce new SRS pattern for UL Doppler estimation purpose, comprised of at least two intra slot non-consecutive SRS symbol repetitions with a configurable time gap between the SRS symbols.
Proposal 8: Introduce new usage type for SRS resource set that will be associated with Doppler tracking purpose. The new SRS pattern will be supported under the new SRS resource set usage type. 
Proposal 9: Implicit Doppler shift indication for HST SFN scenario will be based on SRS resource(s) defined under SRS resource set with the new usage type (Doppler tracking).
Proposal 10: Consider an option of dynamic reconfiguration of several parameters of the new SRS pattern including at least time gap(s) between SRS repetitions to support a dynamic Doppler tracking SRS pattern adaptation for different scenarios. 
For proper Doppler estimation, the transmitted signal properties should be maintained during all the non-consecutive SRS symbol repetitions, i.e., same antenna port, same QCL, same resources, same UL power and transmission phase continuity should be maintained. 
Observation 13: UE transmission phase continuity might be influenced by UL-DL switching and by UL power or carrier frequency modification between non-consecutive SRS symbols. 
Proposal 11: SRS allocation for a UE for Doppler measurements including the time gap between intra slot SRS repetitions should not be time or intra-band frequency multiplexed with any UL or DL channel for the addressed UE.

SFN PDCCH 
Identification of SFN PDDCH 
Similar to the discussion of SFN PDSCH scheme 1, SFN PDCCH should be semi-static configured such that UE is prepared to perform the proper channel tracking for the reception for the SFN PDCCH. Also, this is needed to differentiate between SFN PDCCH and enhanced non-SFN PDCCH with repetition.  In RAN1 meeting #105e, it was agreed to identify enhanced SFN PDCCH by means of RRC parameter in addition to two activated TCI states per CORESET. Details of the RRC parameter was FFS.
	Agreement
Enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is identified by the number of TCI states activated per CORESET and RRC parameter
· FFS: Configuration detail of RRC parameter 
· Including whether the same RRC parameter is used for PDCCH and PDSCH




There was a discussion whether the new RRC parameter is introduced per CORESET or per BWP (e.g., on PDCCH-Config) such that SFN PDCCH mode applicable to all CORESETs given the MAC-CE indication of two TCI states for a CORESET or per CC to be applicable to all CORESETs across the different BWPs. In our views, single RRC parameter should be used for the identification of enhanced SFN scheme for both PDCCH and PDSCH. Also, this RRC parameter should be configured per-CC.
Proposal 12: Support same RRC parameter configured per-CC for the indication of scheme 1 or TRP -based pre-compensation for both PDCCH and PDSCH. 

MAC-CE activation of two TCI states
In RAN1 meeting #104-e, it was agreed to support enhanced MAC-CE activation command that indicates the two TCI sates for PDCCH. And in RAN1 meeting #104bis-e, it was agreed that MAC-CE to carry contents of the serving cell ID, CORESET ID and the two TCI states IDs. 
	Agreement
· Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
· The corresponding MAC CE includes at least the following fields 
· Serving cell ID
· CORESET ID
· Two TCI state IDs
· FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE
· FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex
· Send LS to RAN2 to inform about agreement on support of enhanced MAC CE for CORESET in Rel-17




In Rel.16, a list of serving cells can be updated simultaneously for TCI relation with a MAC CE. Similar design can be introduced in Rel.17 for two TCI states activation of CORESET. This is useful for intra-band CA operation where single MAC-CE can indicate the two TCI state IDs for the CORESETs with the same CROESET ID in the CCs set. In the last meeting it was agreed to support similar design to allow a single MAC-CE activating two TCI states of CRESET with same CORESET ID for all BWPs for a group of CCs operating in CA scenario.
	Agreement
In CA scenario support RRC configured set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
· FFS: Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters.
· FFS: UE capability
· FFS: Whether/How to update the CORESET that is not configured to SFN scheme in the indicated CCs set




Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters is up to RAN2. On the other hand, it was discussed the scenario where one of the indicated CCs is not configured with SFN scheme and the UE receives a a Rel-17 MAC-CE that activates two TCI states for CORESET. Our understanding of the wording “CORESET not configured to SFN scheme” is that there is no higher layer signalling (RRC parameter) that identify scheme-1 or TRP-based pre-compensation SFN scheme. In such scenario, the UE should ignore the MAC-CE and considers as error case. 

Proposal 13: It is up to RAN2 to decide whether to reuse Rel-16 RRC parameters or introduce new RRC parameters is up to RAN2.

Proposal 14:  UE doesn’t expect to receive a MAC-CE activating two TCI states of a CORESET that is not identified for SFN scheme by RRC. 

In Rel-15, a list of TCI states IDs is RRC configured as part of the CORESET configuration with a maximum of 64 TCI states. A single TCI state is activated through the MAC-CE if the list has more than one TCI state ID.  If only a single TCI state is listed with the “ControlResourceSet” parameter structure and the UE did not receive MAC-CE, then the UE assume QCL between the PDCCH and SSB/CSI-RS reference signal specified by the TCI state. For the scheme-1 SFN PDCCH, the MAC CE activation is needed when the SFN CORESET is RRC configured with more than two TCI states. However, if only two TCI states are RRC configured for the SFN CORESET, there is no need for MAC-CE activation command. 
Observation 14: Rel-17 MAC-CE activation of two TCI states for SFN PDCCH is required only when more than two TCI states are RRC configured in the CORESET. 
Proposal 15: For a CORESET that is indicated with SFN mode by higher layer signalling and RRC-configured with only two TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET are QCLed with the DL RSs in the two TCI states. 
TCI states of PDSCH with absent TCI field
In Rel-15, when TCI field in the DCI scheduling PDSCH is not present and the time offset between the reception of DL DCI and the corresponding PDSCH is equal or larger than the threshold ‘timeDurationForQCL, then TCI state and the corresponding QCL assumption of the PDSCH is determined form the TCI state of the scheduling CORESET. In Rel-16 M-TRP, it was agreed that the tci field is always present in the DCI.  For SFN PDSCH (scheme-1), either Rel-16 rule can be used where TCI filed is always present in the DCI or similar to Rel-15 the SFN PDSCH can follow PDDCH such that the two activated TCI states of the CORESET are assumed for the PDSCH. In our views, similar to Rel-16 M-TPR PDSCH transmission schemes, the TCI field should always be present in the DCI. In other words, the configuration when there is no TCI field in the DCI scheduling PDSCH is not supported
In the last meeting, it was agreed that PDSCH scheduled by DCI format 1_0 to follow the QCL assumption of the scheduling CORESET if the time offset is equal or largen than the threshold timeDurationForQCL. The other DCI format 1_1 and 1_2 is FFS.
	Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH
· UE applies the state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is a UE optional feature.




Proposal 16: TCI field should be always present in the DCI format 1_1 and 1_2 scheduling SFN PDSCH scheme 1 with two TCI states.
For UE that don’t support dynamic switching between single-TRP and SFN scheme (scheme-1 or TRP-based pre-compensation), the UE doesn’t expect the scheduling CORESET to be activated with single TCI state. 
Proposal 17: For PDSCH scheduled by DCI format 1_0 with scheduling offset equal or larger than threshold ‘timeDurationForQCL, the UE does not expect the scheduling CORESET to be activated with single TCI states, if UE is configured with SFN scheme by RRC , but not capable to support dynamic switching between scheme 1 and single-TRP 
The latter proposal follows the same design principles that RAN1 agreed to in RAN1 meeting #105e.
	Agreement
UE is not expected to be indicated by MAC CE with single TCI state per any of TCI codepoint , if UE is configured with scheme 1 PDSCH by RRC , but not capable to support dynamic switching between scheme 1 and single-TRP by TCI state field in DCI Format 1_1/1_2


PDCCH prioritization rule 
In Rel. 15, UE cannot receive multiped beams (different QCL-TypeD properties) simultaneously in a given serving cell or on multiple serving cells in same frequency band with CA operation. Rel-15 introduced priority rules to determine a CORESET such that PDCCH is monitored only in the CORESET and in any other CORESET that has the same QCL-TypeD properties as the CORESET. The priority is with respect to first CSS versus USS where CSS has higher priority, then CC / serving cell index where lowest index has highest priority, then finally SS set index where lowest index has highest priority.
In the last meeting, it was agreed to extend PDCCH prioritization rules where UE identify two QCL-TypeD for properties for the multiple overlapping CORESETs. In that scenario, for a UE capable of receiving two beams simultaneously, a new rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with two QCL-TypeD properties. 
	Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
· FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1




An SFN CORESET that is activated with two TCI states will contain different QCL-TypeD properties, each QCL-TypeD is mapped to a receive beam for the reception of the PDCCH from one of the two TRPs. A simple extension of the prioritization rule is to consider only CORESETs with two QCL TypeD properties, and then determine a CORESET based on Rel. 15 priority rule. This means for the determination of the CORESET, all CORESETs with one QCL-TypeD property are excluded. Then, the UE will monitor PDCCH candidates in the determined CORESETs and in any other CORESETs having the same one or both QCL-TypeD properties of the determined CORESET.


[bookmark: _Ref71637617]Figure 4‑1: QCL TypeD prioritization rules PDCCH monitoring in overlapping monitoring occasions.
An example is shown in Figure 4‑1 where CORESET with one QCL TypeD is coloured in blue and CORESET with two QCL TypeD properties are coloured in red. The CORESETs are sorted according to Rel-15 priority rules. In this example, the UE will determine to monitor PDCCH candidates in CORESET2 with QCL TypeD properties x,y and all other CORESET (CORESET1, CORESET5) that have the same QCL-TypeD property as the determined CORESET. 
if a CORESET (e.g., CORESET4 in the example) among the other CORESETs has two QCL-TypeD properties and one of them is different than the QCL-TypeD properties of the determined CORESET, then the UE doesn’t monitor the PDCCH candidates in that CORESET.
Proposal 18: The PDCCH Prioritization rule considers only CORESETs with two QCL-TypeD properties and determine a CORESET based on Rel. 15 priority rule.

Proposal 19: UE monitors PDCCH candidates in the determined CORESETs and in any other CORESETs having the same one or both of the determined two QCL-TypeD properties.

Proposal 20: PDCCH candidates in CORESET(s) that have two QCL-TypeD properties and one of them is different than the QCL-TypeD properties of the determined CORESET(s) are not monitored. 
BFR enhancement
A CORESET with two active TCI states can be configured with two RSs with QCL Type-D. Rel.15 support only single active TCI state CORESET and equivalently single RS with QCL Type-D. For SFN PDDCH where a CORESET is activated with two TCI states, it was agreed in the last meeting that for implicit configuration to support Alt 1-2 where RS of CORESETs with both single and two TCI states are used.
	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

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
· For implicit configuration 
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
FFS: The maximum number of BFD RS and details on RS determination
Conclusion
No RAN1 specification impact on how to calculate hypothetical BLER for BFD



For implicit configuration, The UE expects the set  to include up to two RS indexes. If the has a CORESET activated with two TCI states, where each TCI state has an RS associated with QCL-Type set to 'typeD', then the set  is determined with the two RSs from the same CORESET.
Proposal 21: For implicit configuration of RS for BFD, the set  includes the two RSs associated with QCL Type D of the SFN CORESET.
For explicit configuration of BFD-RS, we prefer Alt 2-2 as it may be simpler (also makes more sense) for the gNB to ask UE to measure whatever important BFD RS.

Proposal 22: For explicit configuration of RS for BFD, support Alt 2-2 by reusing the existing approach for BFD RS configuration.
For hypothetical BLER calculation, we prefer Alt 3-2 where the UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs. It is up to UE implementation how to calculate PDCCH BLER with an SFN assumption.

Proposal 23: Support Alt 3-2 for one hypothetical BLER calculation under SFN assumption of BFD RS pairs.
For NBI-RS, we support Alt 4-1. In our understanding, if both TCI fails, then the recovery should start from single TRP based on the identified singe new beam. This is based on the assumption of cell-level BFR in Rel.15/16. 
Proposal 24: Support Alt 4-1 for the configuration of NBI-RS by reuse the existing Rel-15 NBI configuration based on single CSI-RS resource.

Finally, the enhancement of BFD should be appliable only to Rel.15/Rel.16 BFD. R17 may define TRP specific BFR, which is most likely applicable for mDCI based mTRP with different CORESETPoolIndex. In our views, the SFNed CORESET shouldn’t be applicable to mDCI M-TRP framework. 

Proposal 25: BFR enhancement is applicable only to Rel.15 and Rel.16 BFR.

Common PDCCH and SFN schemes
PDCCH candidates in CSS type 0/0A/1/2 are used for scheduling PDSCH carrying broadcast messages (SIB1, OSI, paging, MSG2/4 or paging) while PDCCH candidates in CSS type 3 are used for UE group common signalling (GC-DCI) or scheduling UE specific PDSCH using fallback DCI format. 
For TPR-based pre-compensation scheme, it is not expected that network can pre-compensate the PDCCH as different UEs may experience different Doppler frequency shifts. In addition, for the gNB may server mixture of UEs of legacy, Rel-17 UE supporting SFN PDCCH and Rel-17 UE that don’t support SFN PDCCH reception. 
Observation 15: TRP-based pre-compensation scheme is not suitable for common PDCCH associated with CSS type 0/0A/1/2. 
Proposal 26: UE doesn’t expect PDCCH candidates in CSS type 0/0A/1/2 to be associated with an SFN CORESET that activated with two TCI states for TRP-based pre-compensation SFN scheme. 

For PDCCH candidates in CSS type 3 for group-common signalling (GC-DCI format 2-x), it will be very restricting to find group of UEs experiencing similar Doppler frequency shifts, supporting TRP-based pre-compensation SFN scheme and are the proper recipient of gNB signalling (e.g. DL pre-emption or UL cancellation, etc). 
Observation 16: TRP-based pre-compensation scheme for group-common PDCCH associated with CSS type 3 imposes restriction on scheduling and reduces the flexibility. 
Proposal 27: UE doesn’t expect group-common PDCCH candidates in CSS type 3 to be associated with an SFN CORESET activated with two TCI states for TRP-based pre-compensation SFN scheme. 

Restriction of SFN schemes across CCs
It was agreed that mixed modes of schem-1 and TPR-based pre-compensation is not expected across PDCCH and PDSCH and across different CORESETs.
	Agreement
· For TRP-based pre-compensation QCL assumptions is provided to the UE by using the existing QCL type(s) with certain QCL parameters dropped from the indicted QCL type 
· FFS rule or signalling to determine which TCI state with dropped QCL parameters
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for both PDCCH and PDSCH. 
· FFS whether this restriction is per UE or per CC
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for different CORESETs. 
· FFS whether this restriction is per UE or per CC





Proposal 28: The restriction of configuration of different SFN schemes for PDCCH and PDSCH or between different CORESET is per-CC group.



Discussion on the RRC parameters 
Based on the discussion and agreements in the previous RAN1 meetings, there is a need for an RRC parameter to indicate either scheme-1 or TRP-based pre-compensation. In our views, single RRC parameter is sufficient for both PDCCH and PDSCH. As per earlier agreements, there are two requirements to indicate ‘SFN PDCCH’ or ‘SFN PDSCH’, the first one is the RRC parameter and the second one is CORESET activation with two TCI states or DCI indication of a codepoint with two TCI states. Therefore, a single RRC parameter is sufficient. 
Observation 17: Indication of SFN scheme A or SFN Scheme B is based on two factors:
· SFN PDCH: RRC parameter indication of either ‘sfnSchemA’ or ‘sfnSchemB’ and two TCI indications by DCI.
· SFN PDCCH: RRC parameter indication of either ‘sfnSchemA’ or ‘sfnSchemB’ and two TCI activation per CORESET.
	Agreement
Scheme 1 for PDSCH is identified by
· New RRC parameter and the number of TCI states indicated by DCI
· FFS RRC configuration details, e.g., per BWP or per CC
· FFS whether or not restriction to a single CDM group for DM-RS is also supported
Agreement
Enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is identified by the number of TCI states activated per CORESET and RRC parameter
· FFS: Configuration detail of RRC parameter 
· Including whether the same RRC parameter is used for PDCCH and PDSCH



The configuration of this parameter with ‘sfnSchemA’ or ‘sfnSchemeB’ means that SFN scheme is possible if the other condition is met (SFN CORESET for PDCCH or indicated MAC-CE codepoint with two TCI states). Of course, the activation of CORESET with two TCI states or depends on UE capability to support SFN PDSCH only, SFN PDCCH only or both SFN PDCCH + SFN PDSCH.
Observation 18: RRC configuration of ‘sfnSchemeA’ or ‘sfnScheme’ doesn’t necessitate that both PDCCH and PDSCH are sent in SFN manner, rather depend on gNB activation of two TCI states per CORESET or MAC-CE indication codepoint with two TCI states. 
· Activation of CORESET with two TCI states depend on UE capability of SFN PDCCH.
· MAC-CE codepoint of two TCI states depend on UE capability of SFN PDSCH. 




It is sufficient to configure this RRC parameter on per component carrier. There is no need to configure per BWP to first reduce RRC overhead and 2nd the switching between SFN schemes and other M-TRP schemes TDM, FDM and SDM is based on semi-static (RRC based) switching. Based on this discussion, the following table summarizes our views on the RRC parameters.
Observation 19: It is sufficient to configure the SFN RRC on cell level to reduce RRC overhead compared to per-BWP. 

Proposal 29: Adopt the following table for the HST-SFN RRC parameters.
[bookmark: _Ref83976562]Table 2: RRC parameter for HST-SFN agenda
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	FFS
	
	sfnScheme
	New
	
	This parameter is used to configure SFN scheme for scheme 1 (sfnSchemeA) or TRP-based pre-compensation (sfnSchemeB)
	{‘sfnSchemeA’, ‘sfnSchemeB’}
	
	Per CC
	UE-specific

	FFS
	
	simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2
	FFS
	
	List of serving cells for PDCCH which can be updated simultaneously  with a MAC CE activating two TCI states
	maxNrofServingCellsTCI-r17
	
	Per cell group
	UE-specific









Conclusion 
Observation 1: Dynamic switching between scheme 1 and other transmission schemes may happen if scheme 1 is configured per BWP. In addition, a change in BWP in HST environment wouldn’t justify the change of the PDSCH transmission scheme.
Observation 2: Per-CC RRC parameter of scheme-1 enables common signalling for the identifying scheme-1 for both PDCCH and PDSCH and reduce RRC overhead.
Observation 3: Single DM-RS CDM group is unnecessary restriction.
Observation 4: UE is not aware whether the broadcast PDSCH and associated SSB is sent from single TRP or both TRPs in SFN manner. 
Observation 5: FD based Doppler shift estimation using 2 nonconsecutive SRS symbols allows much more accurate estimation compared to a TD based estimation with a single SRS symbol while the same number of resources is assumed for both cases or alternatively the same equivalent SRS transmission power is assumed. 
Observation 6: Accuracy of FD based Doppler shift estimation using 2 non-consecutive SRS symbols is improving as the time gap between the two SRS symbols is increasing. 
Observation 7: A more advanced Doppler shift/FO estimation algorithm that assumes a 3 non consecutive SRS symbols allows a significant estimation accuracy enhancement especially in case of a low SNR/power limited regime and is robust to an extreme Doppler shift values range. 
Observation 8: Comb-8 mapping option for SRS that is used for implicit Doppler shift indication in UL allows to improve FD based estimation accuracy for low SNR regime. 
Observation 9: Comb-8 mapping option for SRS that is used for implicit Doppler shift indication in UL may allow a better resiliency to mutual ICI leakage between SRS transmissions allocated on the same OFDM symbol and the same range of RBs and associated with a different multiplexed UEs. 
Observation 10: NB SRS allocation for Doppler shift/FO estimation based on a nonconsecutive SRS symbols allows to achieve a reasonable estimation accuracy for sufficiently high SNR (including frequency selective channels
Observation 11: Different spacing between 2 SRS symbols would be required for reliable Doppler shift and Doppler spread measurements.
Observation 12: Two or more nonconsecutive SRS symbols with adaptively selected time gaps between them can allow to optimize Doppler shift estimation accuracy for different scenarios depending on UE speed, UE location on the track, SNR, channel type/characteristics, deployment parameters and other factors. 
Observation 13: UE transmission phase continuity might be influenced by UL-DL switching and by UL power or carrier frequency modification between non-consecutive SRS symbols. 
Observation 14: Rel-17 MAC-CE activation of two TCI states for SFN PDCCH is required only when more than two TCI states are RRC configured in the CORESET. 
Observation 15: TRP-based pre-compensation scheme is not suitable for common PDCCH associated with CSS type 0/0A/1/2. 
Observation 16: TRP-based pre-compensation scheme for group-common PDCCH associated with CSS type 3 imposes restriction on scheduling and reduces the flexibility. 

Observation 17: Indication of SFN scheme A or SFN Scheme B is based on two factors:
· SFN PDCH: RRC parameter indication of either ‘sfnSchemA’ or ‘sfnSchemB’ and two TCI indications by DCI.
· SFN PDCCH: RRC parameter indication of either ‘sfnSchemA’ or ‘sfnSchemB’ and two TCI activation per CORESET
Observation 18: RRC configuration of ‘sfnSchemeA’ or ‘sfnScheme’ doesn’t necessitate that both PDCCH and PDSCH are sent in SFN manner, rather depend on gNB activation of two TCI states per CORESET or MAC-CE indication codepoint with two TCI states. 
· Activation of CORESET with two TCI states depend on UE capability of SFN PDCCH.
· MAC-CE codepoint of two TCI states depend on UE capability of SFN PDSCH. 
Observation 19: It is sufficient to configure the SFN RRC on cell level to reduce RRC overhead compared to per-BWP. 

Proposal 1: Support per-CC configuration of higher layer parameter for the introduction of SFN scheme 1 (PDSCH).
Proposal 2: Restriction to a single CDM group for DM-RS is NOT supported for scheme 1.
Proposal 3: Dynamic switching of scheme 1 (PDSCH) and Rel-16 schema 1a as additional UE feature is NOT supported.

Proposal 4: UE doesn’t expect the broadcast PDSCH and associated SSB is sent in SFN manner.

Proposal 30:  SSB planning across RRH/TRPs should be based on TRP/ RRHs specific SSB, not SFN SSB.

Proposal 6: Variant B is additionally supported.

Proposal 7: Introduce new SRS pattern for UL Doppler estimation purpose, comprised of at least two intra slot non-consecutive SRS symbol repetitions with a configurable time gap between the SRS symbols.
Proposal 8: Introduce new usage type for SRS resource set that will be associated with Doppler tracking purpose. The new SRS pattern will be supported under the new SRS resource set usage type. 
Proposal 9: Implicit Doppler shift indication for HST SFN scenario will be based on SRS resource(s) defined under SRS resource set with the new usage type (Doppler tracking).
Proposal 10: Consider an option of dynamic reconfiguration of several parameters of the new SRS pattern including at least time gap(s) between SRS repetitions to support a dynamic Doppler tracking SRS pattern 
Proposal 11: SRS allocation for a UE for Doppler measurements including the time gap between intra slot SRS repetitions should not be time or intra-band frequency multiplexed with any UL or DL channel for the addressed UE.
Proposal 12: Support same RRC parameter configured per-CC for the indication of scheme 1 or TRP -based pre-compensation for both PDCCH and PDSCH. 
Proposal 13: It is up to RAN2 to decide whether to reuse Rel-16 RRC parameters or introduce new RRC parameters is up to RAN2.

Proposal 14:  UE doesn’t expect to receive a MAC-CE activating two TCI states of a CORESET that is not identified for SFN scheme by RRC. 

Proposal 15: For a CORESET that is indicated with SFN mode by higher layer signalling and RRC-configured with only two TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET are QCLed with the DL RSs in the two TCI states. 

Proposal 16: TCI field should be always present in the DCI format 1_1 and 1_2 scheduling SFN PDSCH scheme 1 with two TCI states.

Proposal 17: For PDSCH scheduled by DCI format 1_0 with scheduling offset equal or larger than threshold ‘timeDurationForQCL, the UE does not expect the scheduling CORESET to be activated with single TCI states, if UE is configured with SFN scheme by RRC , but not capable to support dynamic switching between scheme 1 and single-TRP 

Proposal 18: The PDCCH Prioritization rule considers only CORESETs with two QCL-TypeD properties and determine a CORESET based on Rel. 15 priority rule.

Proposal 19: UE monitors PDCCH candidates in the determined CORESETs and in any other CORESETs having the same one or both of the determined two QCL-TypeD properties.

Proposal 20: PDCCH candidates in CORESET(s) that have two QCL-TypeD properties and one of them is different than the QCL-TypeD properties of the determined CORESET(s) are not monitored. 

Proposal 21: For implicit configuration of RS for BFD, the set  includes the two RSs associated with QCL Type D of the SFN CORESET.

Proposal 22: For explicit configuration of RS for BFD, support Alt 2-2 by reusing the existing approach for BFD RS configuration.
Proposal 23: Support Alt 3-2 for one hypothetical BLER calculation under SFN assumption of BFD RS pairs.
Proposal 24: Support Alt 4-1 for the configuration of NBI-RS by reuse the existing Rel-15 NBI configuration based on single CSI-RS resource.

Proposal 25: BFR enhancement is applicable only to Rel.15 and Rel.16 BFR.

Proposal 26: UE doesn’t expect PDCCH candidates in CSS type 0/0A/1/2 to be associated with an SFN CORESET that activated with two TCI states for TRP-based pre-compensation SFN scheme. 

Proposal 27: UE doesn’t expect group-common PDCCH candidates in CSS type 3 to be associated with an SFN CORESET activated with two TCI states for TRP-based pre-compensation SFN scheme. 

Proposal 28: The restriction of configuration of different SFN schemes for PDCCH and PDSCH or between different CORESET is per-CC group.
Proposal 29: Adopt Table 2 for the HST-SFN RRC parameters.

Reference
1. [bookmark: _Ref47436813]RP-193133, “WID proposal FeMIMO”, Samsung. 
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