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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 remaining details of corresponding enhancements for Rel-17.
1.1. 
2. Discussion
1 
2 
Combinations of the legacy and enhanced SFN transmission schemes for PDSCH and PDCCH
In RAN1#105e meeting, support of enhanced SFN transmission schemes (scheme 1 and TRP-based pre-compensation) has been discussed. It was agreed that UE is not expected to be configured with different enhanced SFN transmission schemes for PDSCH and PDCCH. However, support of enhanced SFN transmission schemes with transmission schemes specified in Rel-15/Rel-16 has not been discussed. Table 1 provides summary of the possible combinations of the transmission schemes on PDCCH and PDSCH, where the already discussed combinations are highlighted in green. 
[bookmark: _Ref77786186]Table 1 Supported combination of the transmission schemes
	
	
	PDSCH

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

	
	Rel-15
	N/A
	N/A
	Supported
	Supported

	
	Rel-17 URLLC
	N/A
	N/A
	Not supported 
	Not supported

	
	Scheme 1
	Not supported
	Supported
	Supported 
	No supported

	
	Pre-compensation
	Not supported
	Not supported 
	Not supported
	Supported


Among the remaining combinations we think that the following combination of the transmission schemes should be additionally supported:
· Rel-15 single-TRP for PDCCH and Rel-17 scheme 1 for PDSCH
· Rel-15 single-TRP for PDCCH and Rel-17 TRP-based pre-compensation for PDSCH
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes 2a/2b for PDSCH
In particular, due to relative short duration of the PDCCH, the enhanced SFN transmission schemes (scheme 1 or TRP-based pre-compensation) on PDCCH may not be always required in HST-SFN scenario. Moreover, URLLC transmission schemes 2a/2b for PDSCH relying on FDM repetition can be also used together with SFN transmission scheme 1 for PDCCH. As the result separate RRC parameters for configuration of enhanced SFN transmission scheme for PDCCH and PDSCH should be supported. Based on the discussion the following proposal can be made.
Proposal 1:
· The following combination of the transmission schemes are supported
· Rel-15 single-TRP for PDCCH and Rel-17 scheme 1 for PDSCH
· Rel-15 single-TRP for PDCCH and Rel-17 TRP-based pre-compensation for PDSCH
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes 2a/2b for PDSCH
· Support separate RRC parameters for configuration of enhanced SFN transmission schemes for PDSCH and PDCCH

QCL assumptions between the TRS/CSI-RS and SSB
In RAN1#105-e the issue of QCL relation between TRS/CSI-RS and SSB was raised. In particular due to possible SFN transmission of the SSB and per-TRP transmission of TRS/CSI-RS for enhanced SFN transmission schemes (scheme 1 or TRP-based pre-compensation) the QCL relation between SSB and TRS/CSI-RS based on {Doppler shift, average delay} (i.e., TypeC) may not be accurate. On the other hand, the corresponding mismatch already exists in the current specification from Rel-15, where SSB and TRS/CSI-RS can be transmitted using beams with different beam width (wide vs narrow beam). In fact, it was well understood that SSB should only provide initial estimation of these parameters sufficient for refinement based on TRS/CSI-RS. Further justification is required for new QCL relation between TRS/CSI-RS and SSB for HST-SFN scenario. 
Proposal 2:
· For enhanced SFN transmission schemes (scheme 1 and TRP-based pre-compensation) no enhancement for new QCL assumptions between the TRS/CSI-RS and SSB is required
Default beams for PDSCH
In RAN#105e meeting the issue of default beam assumption for PDSCH reception when time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL was discussed. The following agreement was made on the possible alternatives to define the corresponding assumption.
	Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP -based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 


Among the above two alternatives a new rule to determine TCI states based on TCI state(s) of the CORESET is preferable as it ensures consistent beam assignment on PDCCH and PDSCH and therefore reduces the number beam switches and power consumption at the UE. In particular, the QCL assumption(s) (including the number of TCI states for PDSCH reception) can be determined based on the lowest controlResourceSetId in the latest slot in which one or more CORESETs are monitored by the UE. We note that for UEs not capable of supporting dynamic switching between single-TRP and enhanced SFN transmission schemes it is expected that all monitored CORESETs should be configured/activated with two TCI states. This approach ensures two default beams for PDSCH reception for all slots for such UEs.
Proposal 3:
· Default beam(s) for Rel-17 SFN PDSCH reception time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold is determined based on the lowest controlResourceSetId in the latest slot in which one or more CORESETs are monitored by the UE
Default spatial relation for PUCCH/SRS/PUSCH
In Rel-16 the uplink transmission filter and PL reference signal for PUCCH/SRS/PUSCH (e.g., when scheduled by DCI format 0_0) can be determined based on the CORESET TCI state. For SFN transmission when CORESET is configured with two TCI states some clarification may be required on the assumed TCI state for Tx parameter determination. On the other hand, considering that both TRPs are expected to receive the uplink transmission, the corresponding clarification may not be required, and the actual choice of the Tx filter and PL reference signal from two TCI state can be left up to UE implementation. In this case, UE can choose the most appropriate link for uplink transmission to ensure the best uplink. The other option is to use nSCID parameter of DM-RS to determine one out of two TCI state that should be used as default spatial relation for uplink transmission. This approach doesn’t increase DCI overhead and provides better NW control on the assumed spatial relation at the UE side. Summarizing the discussion above the following proposal can be made. 
Proposal 4:
· If the CORESET with the lowest ControlResourceSetId is activated with two TCI states, default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 is determined by nSCID parameter provided in DCI or left up to UE implementation

PDCCH monitoring with different QCL-typeD
In Rel-15 PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs may have different QCL-TypeD. In this case, UE monitors PDCCH based on CORESET determined based the priority rules. In Rel-17, if a CORESET is indicated with two TCI states, the rule for PDCCH monitoring in multiple CORESETs with different QCL-TypeD needs to be revised to account presence of the CORESET with two TCI states. In particular, if the CORESET determined based on priority rule is indicated with a single TCI state, another CORESET activated with two TCI states in overlapping monitoring occasion can be monitored if QCL-Type D RS for one of the two TCI states of the another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule.
Proposal 5:
· Support PDCCH monitoring in multiple CORESETs with different QCL-TypeD assumptions 
· If the CORESET determined based on priority rule is indicated with a single TCI state, another CORESET activated with two TCI states in overlapping monitoring occasion can be monitored if QCL-Type D RS for one of the two TCI states of the another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule

Activation of two TCI sates for CORESETs in multiple CCs
In the context of overhead reduction, Rel-16 supports activation of TCI states for PDSCH reception in multiple serving cell using single MAC CE. For that purpose, RRC signalling is defined indicating to the UE the set of component carriers that supports the corresponding feature. The corresponding enhancement reduces signaling overhead, it has a drawback of aligning TCI indexes across the corresponding set of CCs. The alignment issues would become especially difficult in multi-TRP scenarios. For activation of two TCI states for the CORESETs in multiple CCs, it is proposed to support multiple fields in the MAC CE addressing set of CCs. This functionality would allow activation of the TCI state pairs on multiple CC and can be supported in RAN2 directly. 
Proposal 6:
· MAC CE should support multiple fields for activation of the TCI state pairs for multiple serving cells 
· RRC configured set of serving cells for activation of TCI state pairs for CORESETs is not supported

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 7: 
· Explicit signaling assistance for QCL/QCL-like relation between DL and UL signals is not supported in Rel‑17
Indication / reporting of Doppler shift for TRP pre-compensation
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 the frequency offset measurement at the TRP may not be sufficiently accurate, e.g., due to low SNR condition in the uplink. 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. On the other hand, explicit frequency offset reporting from UE requires relatively large specification change, which is not desirable. Moreover, as was noted during discussion in RAN1#105e it would require In fact, the issue for non-perfect Doppler shift per-compensation at TRP can be addressed by UE implementation, e.g., by using more robust MMSE channel estimation at the UE with assumed Doppler spread larger than estimated on TRS. The additional margin in estimated Doppler spread can be selected according to measurement accuracy of the pre-compensation. To ensure proper UE implementation which accounts for the possible mismatch, RAN4 should define special performance requirements verifying robustness of the channel estimation procedure to the corresponding impairments. Summarizing discussion above the following proposal can be made.
Proposal 8: 
· For TRP-based frequency offset pre-compensation support implicit indication of the Doppler shift(s) using uplink reference signals
· Send LS to RAN4 to inform about possible Doppler shift measurement mismatch between TRS and PDCCH/PDSCH that should be accounted in UE implementation and verified by special performance requirements.

QCL enhancements for TRP-based pre-compensation scheme
In RAN1#105 meeting Variant A was agreed as QCL type to assist TRP based pre-compensation scheme.
	Working Assumption
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Additional support of Variant B


In Variant A, it is assumed that TRS are transmitted in TRP-specific manner and delay related QCL parameters, i.e. {average delay, delay spread} for SFN should be re-constructed at the UE based on per TRP measurements of the corresponding parameters. In total six QCL parameters (four from the first TRP and two from the second TRP) is required for estimation at the UE for Variant A. On the other hand, Variant B doesn’t require combining of the delay related QCL parameters that simplifies UE implementation. UE in Variant B would be only required to estimate four QCL parameters. In particular, Variant B can be supported by using SFN-ed TRS for estimation of QCL parameters {average delay, delay spread} and TRP-specific TRS for estimation of {Doppler shift, Doppler spread} (see Figure 1). SFN-ed TRS should be generally available in the HST deployment for the backward compatibility purpose. In addition, due to frequency offset alignment among TRPs by pre-compensation procedure, {Doppler shift, Doppler spread} components become the same or similar across TRPs and, therefore, can be derived from the TRS transmitted by the TRP. It is therefore natural to support Variant B in addition to Variant A agreed in RAN1#105-e meeting. Based on the discussion above the following proposal can be made.
Proposal 9: 
· Confirm working assumption from RAN1#105-e meeting with the following modifications 
· For TRP-based pre-compensation, Variant A and Variant B (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.



[bookmark: _Ref54352897]Figure 1 Illustration of the QCL signalling for Variant B

QCL dropping for TRP-based pre-compensation scheme
In RAN1#105 meeting the following agreement was made regarding QCL indication method, where the existing QCL types are reused while UE ignores certain QCL properties.
	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


One approach is to use static rule to determine TCI state for which certain QCL properties are dropped (e.g., the first TCI state of the TCI codepoint). This approach, however, has drawback of supporting additional TCI codepoint with re-ordered TCI states for dynamic switching of the reference TRP transmitting TRS for Doppler shift and Doppler spread estimation. In order to support dynamic switching of the reference TRP without configuration of the additional TCI codepoint, nSCID parameter of DM-RS can be used to determine TCI state in TCI codepoint that should be used for QCL dropping. In particular, for nSCID = 0 the QCL parameters {Doppler shift, Doppler spread} should be dropped from the first TCI state and for nSCID = 1 from the second TCI state. Summarizing discussion above the following proposal can be made.
Proposal 10: 
· For TRP-based pre-compensation, nSCID parameter of DM-RS is used to determine TCI state where QCL properties are ignored.

BFR enhancement for CORESET configured with two TCI states
In RAN1#105-e meeting the issue of BFR for CORESETs configured with two TCI state was discussed. The following agreement was reached regarding BFR enhancements. 
	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


We note that HST-SFN deployment is likely to support SFN transmission of the CSI-RS and SSB for backward compatibility purposes and such SFN reference signals can be directly used as BFD without enhancements. On the other hand, for URLLC application, SFN-ed reference signal may not be deployed. To avoid increasing the reference overhead, it is beneficial to define pairs of the reference signals transmitted in TRP-specific manner that should be used for BFD under SFN assumption. The actual approach of combining the channel measurements from the reference pair can be discussed further taking into account accuracy of the BLER measurements. 
Proposal 11: 
· 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
· Alt 1-2: RS of CORESETs with both single and two TCI states 
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
Performance of scheme 2 PDSCH 
One of the key challenges in supporting scheme 1 (and convention single TRP transmission based on SFN) is accurate channel estimation. In particular, due to SFN transmission of DM-RS from different TRPs for scheme 1, the equivalent channel on DM-RS port has large delay and Doppler spreads. As the result time and frequency variations of the channel within PDSCH resource allocation becomes substantial (see Figure 1). To overcome the potential issue in the accuracy of the channel estimation under such harsh conditions, high density DM-RS configurations in both frequency (e.g. Type I) and time (e.g., 1+1+1) are used. 
	Scheme 1
	Scheme 2

	[image: ]
	[image: ]


Figure 2 Illustration of channel evolution per one DM-RS port within slot
At the same time, for scheme 2, the channel estimation is performed for each TRP independently. Due to LOS (or LOS-like) propagation conditions, the estimation of the channel can be made with much higher accuracy even for high mobility conditions. In this case a reasonably good downlink performance can be already achieved with lower density DM-RS configuration in frequency (e.g. DM-RS type II) and time (e.g. 1+1). The comparison of the corresponding DM-RS patterns that can be used for scheme 1 and scheme 2 are illustrated in Figure 3.
	Scheme 1
	Scheme 2
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[bookmark: _Ref68637154]Figure 3 Illustration of DM-RS patterns for scheme 1 and scheme 2
Observation:
· Support of scheme 2 offers lower DM-RS overhead comparing to scheme 1 
To demonstrate robust performance of scheme 2 with smaller number of DM-RS symbols, Figure 4 shows link-level evaluation results for scheme 2 with single MIMO layer. Two DM-RS configurations were considered in the evaluations based on two DM-RS symbols (low overhead) and three DM-RS symbols (baseline overhead) respectively. It can be seen that the low overhead DM-RS option for scheme 2 provides even better performance than the baseline DM-RS configuration indicating that three symbol DM-RS configuration may not be required for scheme 2. Based on the results in Figure 4 and comparison with scheme 1 provided in [2-3] it is proposed to support scheme 2 for Rel-17 PDSCH. 
[image: ]
[bookmark: _Ref68600494]Figure 4 Link-level performance comparison of scheme 1 with 1+1+1 and 1+1 DM-RS configurations

3. Conclusion
In this contribution, we have provided our views on the enhancement for HST-SFN scenario in Rel‑17. The following proposals were made: 
· The following combination of the transmission schemes are supported
· Rel-15 single-TRP for PDCCH and Rel-17 scheme 1 for PDSCH
· Rel-15 single-TRP for PDCCH and Rel-17 TRP-based pre-compensation for PDSCH
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes 2a/2b for PDSCH
· Support separate RRC parameters for configuration of enhanced SFN transmission schemes for PDSCH and PDCCH
· For enhanced SFN transmission schemes (scheme 1 and TRP-based pre-compensation) no enhancement for new QCL assumptions between the TRS/CSI-RS and SSB is required
· Default beam(s) for Rel-17 SFN PDSCH reception time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold is determined based on the lowest controlResourceSetId in the latest slot in which one or more CORESETs are monitored by the UE
· If the CORESET with the lowest ControlResourceSetId is activated with two TCI states, default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 is determined by nSCID parameter provided in DCI or left up to UE implementation
· Support PDCCH monitoring in multiple CORESETs with different QCL-TypeD assumptions 
· If the CORESET determined based on priority rule is indicated with a single TCI state, another CORESET activated with two TCI states in overlapping monitoring occasion can be monitored if QCL-Type D RS for one of the two TCI states of another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule
· MAC CE should support multiple fields for activation of the TCI state pairs for multiple serving cells 
· RRC configured set of serving cells for activation of TCI state pairs for CORESETs is not supported
· Explicit signaling assistance for QCL/QCL-like relation between DL and UL signals is not supported in Rel‑17
· For TRP-based frequency offset pre-compensation support implicit indication of the Doppler shift(s) using uplink reference signals
· Send LS to RAN4 to inform about possible Doppler shift measurement mismatch between TRS and PDCCH/PDSCH that should be accounted in UE implementation and verified by special performance requirements.
· Confirm working assumption from RAN1#105-e meeting with the following modifications 
· For TRP-based pre-compensation, Variant A and Variant B (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· For TRP-based pre-compensation, nSCID parameter of DM-RS is used to determine TCI state where QCL properties are ignored.
· 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
· Alt 1-2: RS of CORESETs with both single and two TCI states 
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
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