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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. UE based solution – scheme 1 PDCCH
In RAN1#104b-e the following agreement was reached regarding support of UE-based compensation scheme for PDCCH in HST-SFN deployment.
	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. LS is endorsed in R1-2104064


In this section we provide our views on the remaining issues.
1 
2 
Identification of scheme 1 for PDCCH
The issue of scheme 1 identification for PDCCH was discussed in RAN1#104b-e. Based on the discussion, two TCI state indication using MAC CE were found to be sufficient for that purpose. On the other hand, the amount of time associated with MAC CE processing may not be sufficient to fully re-configure UE hardware resources to enable enhanced PDCCH processing. Moreover, considering possible support of a new PDCCH enhancement in the future NR releases, it is preferable to also support RRC configuration parameter in addition to indication of two TCI state to enable scheme 1 for PDCCH similar to enabling scheme 1 for PDSCH. 
Proposal 1:
· Scheme 1 for PDCCH is identified by RRC parameter configured in the CORESET and two TCI states indicated for the same CORESET
Default beam for PDSCH / A-CSI-RS
In Rel-15 and Rel-16, default single beam operation is defined if neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured for the UE. In the context of HST-SFN and URLC reliability transmission this assumption would imply unequal protection of the PDCCH (based on SFN) and PDSCH (based on single-TRP) transmission, which is not desirable deployment option. The more natural approach is to assume multi-TRP transmission of the PDSCH when multi-TRP transmission is configured/activated for PDCCH. In this case UE behaviour for single beam can be left unspecified in NR due to lack of the useful use case. 
Proposal 2:
· If a CORESET is indicated with two TCI states, for Rel-15 single TRP and Rel-16 scheme 3/4 PDSCH, when neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, UE behavior to determine one of the TCI states of the CORESET is unspecified. 
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. 
Proposal 3:
· Study necessity of specification support for identification of specific TCI state that will be used at the UE as default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 comparing to UE based selection, if the CORESET with the lowest ControlResourceSetId is activated with two TCI states

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 4:
· 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. Although the enhancement for PDSCH 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 sumptuously and can be supported in RAN2 directly. 
Proposal 5:
· 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

3 
4 
3. UE based solution - 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
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Figure 1 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 2.
	Scheme 1
	Scheme 2
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[bookmark: _Ref68637154]Figure 2 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 3 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 3 and comparison with scheme 1 provided in [2-3] it is proposed to support of scheme 2 for Rel-17 PDSCH. 
[image: ]
[bookmark: _Ref68600494]Figure 3 Link-level performance comparison of scheme 1 with 1+1+1 and 1+1 DM-RS configurations
Proposal 6:
· Scheme 2 is supported in Rel-17 due to its lower DM-RS overhead and its superior performance to scheme 1

4. NW based solution - TRP based compensation scheme
In RAN1#102-e meeting, TRP based frequency offset pre-compensation scheme was identified as candidate for specification. The key idea of the scheme relies on pre-compensation of the frequency offset difference among TRPs relative to the reference TRP. The reference TRP may be any TRP in SFN area, e.g., TRP closest to a current UE position. According to agreements TRP based pre-compensation scheme includes three steps as illustrated in Figure 4.


[bookmark: _Ref54270366]Figure 4 High-level flow of TRP-based frequency offset pre-compensation
In RAN1#104b-e meeting the following agreement regarding support of TRP based pre-compensation scheme was made.
	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


In this section we provide our views regarding remaining details of supporting TRP based pre-compensation schemes in Rel-17. 
Dynamic switching of TRP-based pre-compensation scheme
Similar to scheme 1, TRP based pre-compensation should support dynamic switching with single-TRP to enable fallback based on legacy SFN transmission. To address possible UE implementation concerns associated with different TRS processing assumptions in single-TRP and TRP based pre-compensation scheme, UE capability can be considered to support dynamic switching similar to UE capability agreed to scheme 1 in RAN1#104b-e. 
Proposal 7:
· Dynamic (DCI-based) switching of TRP-based pre-compensation scheme and single-TPR is supported by TCI state field in DCI format 1_1/1_2
· Switching of TRP based pre-compensation scheme with all Rel-16 transmission schemes (1a, 2a, 2b, 3 and 4) and Rel-17 scheme 1 is semi-static (RRC based)
· Restriction of PDSCH transmission to a single CDM group is not required
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 8: 
· Explicit signaling assistance for QCL/QCL-like relation between DL and UL signals is not supported in Rel‑17
Indication / reporting of Doppler shift
In RAN1#103e two options were identified for indication and reporting of the Doppler shift difference between TRPs. The first option relies on the implicit approach where the frequency offset difference is indicated using uplink reference signal transmission, e.g., SRS. The second option is based on the explicit reporting from the UE using CSI framework. In principle the first option may be sufficient to address most of the deployment scenarios. However, in some cases the frequency offset measurement at the TRP may not be sufficiently accurate, e.g., due to low SNR condition in the uplink or due to CA constraints in the UL, where SRS transmission may not be supported on all CCs, where DL transmission can be performed by TRPs. As the result implicit indication of the Doppler shift difference using UL signal(s) may not be always sufficient and explicit reporting based on the DL measurements should be also considered. On the other hand, explicit frequency offset reporting from UE requires relatively large specification change, which is not desirable. 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. Summarizing discussion above the following proposal can be made.
Proposal 9: 
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS 
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios, where SRS may not be available on all bands
· If explicit reporting of Doppler shifts is not supported in Rel-17, 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
In RAN1#103e meeting several QCL enhancements were agreed for UE and NW based compensation schemes.
	Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation


Variant B requires estimation of four QCL parameters comparing to estimation of six QCL parameters in Variant A and five QCL parameters in Variant C. Moreover, Variant B doesn’t require combining of the delay related QCL parameters that simplifies UE implementation. 
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 5). SFN-ed TRS should be generally available in the HST deployment for the backward compatibility purpose. In additional, 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. 
Summarizing discussion above the following proposal is made.
Proposal 10: 
· For TRP based pre-compensation, support QCL for PDSCH / PDCCH with two TRS configurations based on Variant B as it relies on smaller number of QCL parameters and doesn’t require extra processing at the UE associated with combining of delay related QCL parameters



[bookmark: _Ref54352897]Figure 5 Illustration of the QCL signalling for Variant B
5. Conclusion
In this contribution, we have provided our views on the enhancement for HST-SFN scenario in Rel‑17. The following observations were made: 
· Support of scheme 2 offers lower DM-RS overhead comparing to scheme 1 
Based on the discussion and observations the following proposal are made:
· Scheme 1 for PDCCH is identified by RRC parameter configured in the CORESET and two TCI states indicated for the same CORESET
· If a CORESET is indicated with two TCI states, for Rel-15 single TRP and Rel-16 scheme 3/4 PDSCH, when neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, UE behavior to determine one of the TCI state of the CORESET is unspecified
· Study necessity of specification support for identification of specific TCI state that will be used at the UE as default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 comparing to UE based selection, if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
· 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 by the UE, 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
· 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
· Scheme 2 is supported in Rel-17 due to its lower DM-RS overhead and its superior performance to scheme 1
· Dynamic (DCI-based) switching of TRP-based pre-compensation scheme and single-TPR is supported by TCI state field in DCI format 1_1/1_2
· Switching of TRP based pre-compensation scheme with all Rel-16 multi-TRP transmission schemes (1a, 2a, 2b, 3 and 4) and Rel-17 scheme 1 is semi-static (RRC based)
· Restriction of PDSCH transmission to a single CDM group is not required required
· Explicit signaling assistance for QCL/QCL-like relation between DL and UL signals is not supported in Rel‑17
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios, where SRS may not be available on all bands
· If explicit reporting of Doppler shifts is not supported in Rel-17, 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.
· For TRP based pre-compensation, support QCL for PDSCH / PDCCH with two TRS configurations based on Variant B as it relies on smaller number of QCL parameters and doesn’t require extra processing at the UE associated with combining of delay related QCL parameters
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