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1. Introduction
In RAN#86 meeting the work item on enhanced MIMO support was agreed for Rel-17 [1]. The objectives of WID include enhancements to multi-TRP transmission scheme in HST-SFN scenario. 
	2.	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
…
d.	Enhancement to support HST-SFN deployment scenario:
i.	Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same    DMRS port(s), targeting DL-only transmission
[bookmark: _Hlk61733894]ii.	Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


In this contribution, we provide our views on the corresponding enhancements for Rel-17.
1.1. 
2. UE based solution – scheme 1 PDSCH
The following agreements were made regarding support of UE-based compensation scheme 1 in Rel-17 for HST-SFN deployment scenario.
RAN1#103-e
	Agreement
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
At most two TCI states are supported for HST scenario in Rel-17
· FFS Whether to support more than two TCI states for FR2
· FFS configuration/signalling details of the TCI states
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner



RAN1#104-e
	Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
· For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS

 Agreement
· Two TCI states are supported for scheme 1 in FR2


In this section we provide our views on the remaining issues.
1 
2 
Dynamic switching of scheme 1 
In RAN1#104-e meeting switching of scheme 1 and single TRP mode was discussed, but no agreement was reached whether it should be supported by dynamic or semi-static signalling. To this end, two single TRP modes can be considered for the following discussion:
· Non-SFN single-TRP (see Figure 1)
· SFN single-TRP (see Figure 2)
The above modes have the same TCI state configuration from RAN1 specification perspective but have different implication on UE processing and resulting performance requirements. 


[bookmark: _Ref68595306]Figure 1 Single TRP operation mode 1 (non SFN) 



[bookmark: _Ref68595321]Figure 2 Single TRP operation mode 1 (SFN)
In particular, Rel-16 NR defines improved performance requirements for HST-SFN deployment scenario based on TRS transmitted in SFN single-TRP mode. To facilitate the corresponding processing, UE is semi-statically configured with highSpeedDemodFlag-r16. If the field is present, UE applies the enhanced demodulation processing for the downlink reference signals. Although the exact processing algorithm is not defined in RAN4 specification, typical approach to satisfy the enhanced requirements relies on time domain processing of SFN-ed TRS and/or special MMSE channel estimation filter calculation optimized to Doppler spectrum of HST-SFN with two dominant TRPs. 
The enhanced processing of SFN-ed TRS signal should be general enough to support other TRS transmission cases. For example, non-SFN single-TRP or TRS processing in scheme 1 can be considered as a special case of SFN‑ed TRS processing, where one of TRP has zero Rx power based on NW signalling. From this perspective TRS processing in scheme 1 and single-TRP modes can be performed under the same framework without substantial complexity increase at the UE. Similarly, the MMSE channel estimation filter selection optimized to SFN transmission from two TRPs can be re-used for scheme 1 under the same assumption. To provide flexibility in the HST network deployment dynamic switching of scheme 1 should be considered for specification in Rel-17.
Proposal 1:
· Support dynamic switching of single TRP and scheme 1 in Rel-17, where single TRP scheme also supports configuration of highSpeedDemodFlag-r16
Indication of scheme 1 
To facilitate PDSCH and PDCCH processing according to scheme 1, two TCI states are provided to the UE, where each TCI state contains reference to one TRS. The corresponding TCI state pair indication can be supported by reusing Rel-16 signalling framework defined for multi-TRP operation including MAC CE based TCI pair activation. To differentiate Rel-17 SFN scheme 1 with Rel-16 multi-TRP schemes also relying on two TCI states configuration per TCI codepoint, the usage of the scheme 1 should be configured for the UE by higher layer signalling with new RRC parameter.
Proposal 2: 
· Rel-16 MAC CE signalling for PDSCH is re-used to support scheme 1
· Scheme 1 is differentiated from other multi-TPR scheme supporting two TCI sates based on new RRC parameter

Additional source RS for QCL indication
In Rel-15 for PDSCH a TCI state may be configured not only with TRS as source RS, but also with other reference signals (i.e., CSI-RS for CSI acquisition) as illustrated in Table 1. Although QCL indication for DM-RS based on TRS is expected to be primary use case in SFN deployment, the restriction to support only TRS as source RS is not desirable. To avoid specification efforts associated with addition of the corresponding restriction, it is recommended to extend the existing agreements for TRS to other source RS configuration, i.e., CSI-RS for CSI acquisition. 
[bookmark: _Ref68617597]Table 1 Supported QCL configurations for DM-RS of PSDCH
	-	‘QCL-TypeA’ with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, ‘QCL-TypeD’ with the same CSI-RS resource, or
-	‘QCL-TypeA’ with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, ‘QCL-TypeD’ with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition,or
-	QCL-TypeA’ with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, ‘QCL-TypeD’ with the same CSI-RS resource.



Proposal 3:
· In addition to TRS, CSI-RS for CSI acquisition as source RS is supported for scheme 1

3. UE based solution – scheme 1 PDCCH
In RAN1#104-e the following agreement was reached regarding support of UE-based compensation scheme for PDCCH in HST-SFN deployment.
	Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details


In this section we provide our views on the remaining issues of support SFN transmission on PDCCH.
MAC CE activation 
In Rel-16 a pool of TCI states IDs is configured by RRC as part of the CORESET configuration. However, only single TCI state can be activated through the MAC-CE. According to RAN1#104-e meeting agreement, for SFN PDCCH, MAC CE should support activation of two TCI states per CORESET. Two approaches can be considered to achieve the desired functionality. In the first approach, new Rel-17 MAC CE signalling can be defined by RAN2 for CORESET. In this case, TRP needs to send two MAC CE activations commands even for the same TCI pair targeting PDSCH and PDCCH. In practical situation, it is expected that the set of TCI pairs will be used for both PDCCH and PDSCH. To reduce signalling overhead, the second signalling approach can be considered, where the same set of TCI states activated by the existing Rel‑16 MAC CE for PDSCH is reused for PDCCH with the pre-determined mapping function of the TCI codepoints to CORESET. 
Proposal 4: 
· Consider two options for MAC CE based activation of two TCI states for PDCCH in scheme 1
· Option 1: New MAC CE analogous to PDSCH MAC CE in Rel-16
· Send LS to RAN2 informing about the corresponding decision
· Option 2: Reuse MAC CE of PDSCH with pre-determined mapping of TCI codepoints from PDSCH to CORESET

Default beam for PDSCH / A-CSI-RS
In Rel-15, when the time offset between PDCCH and corresponding scheduled PDSCH is less than ‘timeDurationForQCL’ threshold or when DCI format not having the TCI field, default TCI state is used for PDSCH reception. In Rel-16, for multi-TRP the TCI for PDSCH is determined differently and following QCL assumptions of the lowest TCI codepoint for PDSCH associated with two TCI states. It should be noted that from reliability perspective, it is desirable to have unified transmission assumptions for PDCCH and PDSCH. Hence, in the context of SFN scenario, default PDSCH beam should follow CORSET beam configuration, i.e. two TCI states or single TCI state can be used for PDSCH reception depending whether corresponding CORESET is configured with single or two TCI states.
Proposal 5:
· For SFN scenario, default TCI state is determined based on the lowest CORESET ID in the latest slot, i.e. two TCI states or single TCI state can be used for PDSCH reception depending whether corresponding CORESET is configured with single or two TCI states. 

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 needed, and the actual choice can be left up to UE implementation. 
Proposal 6:
· Study necessity of specification solution for determination of TCI state as default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
3 
4 
4. 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 configuration in both frequency (e.g. Type I) and time (e.g., 1+1+1) is used. 
	Scheme 1
	Scheme 2

	[image: ]
	[image: ]


Figure 3 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 4.
	Scheme 1
	Scheme 2
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[bookmark: _Ref68637154]Figure 4 Illustration of DM-RS patterns for scheme 1 and scheme 2
Observation 1:
· 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 5 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 optimal choice for scheme 2. Based on the results in Figure 5 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 5 Link-level performance comparison of scheme 1 with 1+1+1 and 1+1 DM-RS configurations
Proposal 7:
· Scheme 2 is supported in Rel-17 due to its lower DM-RS overhead and its superior performance to scheme 1

5. 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 6.


[bookmark: _Ref54270366]Figure 6 High-level flow of TRP-based frequency offset pre-compensation
In this section we provide our preference regarding support of TRP based pre-compensation scheme in Rel-17 as well discuss additional details of the required specification. 
Support of TRP based pre-compensation
One of the key benefits of TRP-based frequency offset pre-compensation comparing to scheme 1 is reduced Doppler spread of the equivalent channel that improves efficiency of the channel estimation. Pre-compensation substantially stabilize the equivalent SFN channel of DM-RS similar to scheme 2 operation. Moreover, if the pre-compensation is implemented in time domain, it also helps to minimize negative impact of ICI, which is not possible to fully address with scheme 1. Finally, UE complexity with TRP based pre-compensation can be noticeably reduced by supporting HST-SFN scenario using conventional approach for TRS processing and MMSE filter calculation at the UE instead of more advanced schemes required for scheme 1 operation. 
Observation 2:
· TRP based pre-compensation offers additional benefits over scheme 1 such as 
· Reduced Doppler spread
· Lower ICI
· Simpler UE implementation
Possible imperfections of TPR based pre-compensation due to frequency offset drift, latency of the Doppler shift measurements and inaccuracy of the compensation is not expected to be significant and can be easily compensated by UE channel estimation using slightly increased Doppler spread. The corresponding functionality, if needed, can be addressed by RAN4.
Observation 3:
· Possible imperfections of TRP based pre-compensation scheme due to frequency offset drift, latency of the Doppler shift application, etc. can be addressed by slightly increased Doppler spread assumption in the channel estimation.
Based on the observations above the following proposal can be made.
Proposal 8:
· Specification-based TRP pre-compensation scheme is supported in Rel-17
5 
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 9: 
· Discuss necessity of the explicit signaling assistance for QCL/QCL-like relation between DL and UL signals.
Indication / reporting of Doppler shift
In RAN1#103e two options were identified for indication and reporting of the Doppler shift difference between TRPs. The first option relies on the implicit approach where the frequency offset difference is indicated using uplink reference signal transmission, e.g., SRS. The second option is based on the explicit reporting from the UE using CSI framework. In principle the first option may be sufficient to address most of the deployment scenarios. However, in some cases SRS transmission may not be supported on all CCs, where DL transmission can be performed by TRPs. As the result implicit indication of the Doppler shift difference using UL signal(s) may not be always sufficient and explicit reporting based on the DL measurements should be also considered.  
Proposal 10: 
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS. 
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios, where SRS may not be available on all bands

QCL enhancements
In RAN1#103e meeting several QCL enhancements were agreed for UE and NW based compensation schemes.
	Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation


Among the above options, Variant B should be specified for TRP based compensation scheme. In particular, single TRS transmission would not be sufficient to provide all QCL parameters for PDSCH / PDCCH demodulation as in Rel-15 NR. More specifically, SFN-ed TRS (which is also transmitted for the backward compatibility purpose) can be used at the UE for estimation of QCL parameters except {Doppler shift, Doppler spread} (see Figure 7). Due to frequency offset alignment among TRPs by pre-compensation procedure, {Doppler shift, Doppler spread} component becomes the same or similar across TRPs and, therefore, should be derived from the TRS transmitted by the TRP. 
Proposal 11: 
· For TRP based pre-compensation, support QCL for PDSCH / PDCCH with two TRS configurations based on Variant B
· 1st TRS indicating QCL parameters {average delay, delay spread}
· 2nd TRS indicating QCL parameter {Doppler shift, Doppler spread}



[bookmark: _Ref54352897]Figure 7 Illustration of the QCL signalling for Variant B
6. 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 
· TRP based pre-compensation offers additional benefits over scheme 1 such as 
· Reduced Doppler spread
· Lower ICI
· Simpler UE implementation
· Possible imperfections of TRP based pre-compensation scheme due to frequency offset drift, latency of the Doppler shift pre-compensation, etc. can be addressed by slightly increased Doppler spread assumption in the channel estimation.
Based on the discussion and observations the following proposal are made:
· Support dynamic switching of single TRP and scheme 1 in Rel-17, where single TRP scheme also supports configuration of highSpeedDemodFlag-r16
· Rel-16 MAC CE signalling for PDSCH is re-used to support scheme 1
· Scheme 1 is differentiated from other multi-TPR scheme supporting two TCI sates based on new RRC parameter
· In addition to TRS, CSI-RS for CSI acquisition as source RS is supported for scheme 1
· Consider two options for MAC CE based activation of two TCI states for PDCCH in scheme 1
· Option 1: New MAC CE analogous to PDSCH MAC CE in Rel-16
· Send LS to RAN2 informing about the corresponding decision
· Option 2: Reuse MAC CE of PDSCH with pre-determined mapping of TCI codepoints from PDSCH to CORESET
· For SFN scenario, default TCI state is determined based on the lowest CORESET ID in the latest slot, i.e. two TCI states or single TCI state can be used for PDSCH reception depending whether corresponding CORESET is configured with single or two TCI states. 
· Study necessity of specification solution for determination of TCI state as default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
· Scheme 2 is supported in Rel-17 due to its lower DM-RS overhead and its superior performance to scheme 1
· Specification-based TRP pre-compensation scheme is supported in Rel-17
· Discuss necessity of the explicit signaling assistance for QCL/QCL-like relation between DL and UL signals.
· For HST-SFN deployment support implicit indication of the Doppler shift(s) using uplink SRS. 
· Additionally, consider support of the explicit reporting of the Doppler shift(s) to support CA scenarios, where SRS may not be available on all bands
· For TRP based pre-compensation, support QCL for PDSCH / PDCCH with two TRS configurations based on Variant B
· 1st TRS indicating QCL parameters {average delay, delay spread}
· 2nd TRS indicating QCL parameter {Doppler shift, Doppler spread}
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