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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
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


The document contains summary of the company’s proposal and Moderator’s proposals. 
2. Possible enhancements for HST-SFN deployment
The section summarizes company proposals regarding enhancements that can be supported for HST-SFN deployment. The proposals are based on the contributions [2]-[23] submitted to RAN1#104b-e meeting. 
2.1. [bookmark: _Ref48886761]UE-based solutions
1. [bookmark: _Ref48886765]
2. 
1. 
2. 
2.1.1. Issue #1-1 (Dynamic switching of scheme 1 and single-TRP)
[bookmark: _Hlk68820353]Regarding support of dynamic switching of scheme 1 and single TRP. In RAN1#104-e meeting there was extensive discussion on this issue, but no agreement was reached. Several companies provided their preference regarding this issue in this meeting and summary of the company’s preferences are provided below:

Issue#1-1: Whether or not to support dynamic switching of scheme 1 and single TRP?
· Alt 1a: Dynamic (DCI-based) is supported
· Supported by: Huawei/HiSilicon, vivo, ZTE, Ericsson, Samsung, Nokia/NSB, LGE, NTT DOCOMO, Intel
· [bookmark: _Hlk62227440]Alt 1b: Dynamic (DCI-based) is supported with UE capability
· Supported by: OPPO, Apple, Sony
· Alt 2: Dynamic switching is not supported
· Supported by: Qualcomm, InterDigital, Spreadtrum, [OPPO?], NEC, Lenovo/Motorola Mobility (further study), Sony (2nd preference)

Based on the above preferences and considering that dynamic switching to single TRP should be supported as part fallback mode PDSCH reception, it is proposed to agree on the following proposal to address Issue #1-1:
Round-1
Proposal #1-1:
· Support dynamic (DCI-based) switching of scheme 1 (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2
· Note: whether or not it should have UE capability to be discussed as part of FG discussion for Rel‑17
· FFS all other details including RRC signalling, possible RAN4 impact (if any), etc.

	Company
	Comment

	OPPO
	We don’t support the proposal without UE capability. Both Alt 1b and 2 are fine to us. Dynamic switching is challenging for UE adopting different channel estimators for scheme 1 and single TRP transmission. A corresponding UE capability is needed. 

	DOCOMO
	Support. 
Even if UE is configured with Scheme 1, UE can receive S-TRP PDSCH scheduled by DCI format 1_0. It means UE must supports dynamic switching between PDSCH scheduled by Scheme1 and S-TRP PDSCH scheduled by DCI format 1_0. Hence, UE should be able to support dynamic switching between Scheme 1 and S-TRP within a DCI format (e.g. by TCI state field) as well. 
The relationship between Scheme 1 and RRC parameter of highSpeedDemodFlag-r16 should be discussed in RAN4.

	vivo
	Support in principle.
But as some companies have concerns about the UE complexity, we wonder if UE doesn’t have the capability for dynamic switching between STRP scheme and SFN scheme, does it also mean that SFN-based PDSCH can’t be scheduled by STRP-based PDCCH? Because STRP-based PDCCH scheduling SFN-based PDSCH is also a dynamic switching case that requires UE to switch its receiving algorithm. Therefore, the UE capability might affect the flexibility of scheduling.

	ZTE
	Support.  And have the same view as vivo and DOCOMO. Further, it should not spend time on UE capability discussion at this stage since we have UE capability discussion in the end of Rel-17 anyway. 

	Huawei, HiSilicon
	Support.
Single TRP transmission is a fall back transmission scheme. Each UE worked on Scheme-1 for HST can fall back to single TRP transmission. With an additional UE capability, then the UE would always work on Scheme-1 (multiple TRP based HST transmission) when UE is not reporting the capability. So, there’s no need to add a UE capability.
When Scheme 1 is configured, anyway UE needs to support both Scheme 1 and signle-TRP transmission in a slot, when receiving the common search space. We don’t see any impact to UE complexity.

	Samsung
	Support without additional UE capability.

	Apple
	We do not support this without UE capability. 

	Sony
	We agree that the dynamic fallback scheme (S-TRP) from scheme 1 is a useful feature. But on the other hand, as RAN1 discussed in previous meeting(s), there are additional UE implementation complexity identified. Therefore, we used to think Alt.1b can serve as a compromised solution. 
As for UE capability, perhaps we got it wrong, but it might be possible that scheme 1 itself ends up as an optional feature in Rel.17. If so, other feature depending on scheme 1 might be optional as well. 
In summary, we would like to share similar view as OPPO that Alt.2 can be out second choice. 

	CATT
	Support FL’s proposal. In our opinion, there is no need to have a UE capability for switching of scheme 1 with S-TRP.

	Nokia/NSB
	Support FL’s proposal. No need for separate UE capability. 
When the difference of the received power from two TRPs is large, only single TRP operation is required both for performance and overhead. 

	Lenovo/MotM
	We support Alt 2, and also we are OK with Alt 1b

	QC
	We don’t support the FL proposal. 
UE doesn’t need to increase its complexity to give network extra flexibility.  

	Ericsson
	Support FL’s proposal.

	LG
	Support the proposal. 

	Futurewei
	Support

	NEC
	We are OK with Alt 1b or Alt 2.



2.1.2. Issue #1-2 (Dynamic switching of scheme 1 and scheme 1a)
Regarding support of dynamic switching of scheme 1 and Rel-16 scheme-1a. In RAN1#104-e meeting there was discussion on this issue, but no agreement was reached. Several companies provided their preference regarding this issue in this meeting and summary of the company’s preferences are provided below:

Issue#1-2: Whether or not to support dynamic switching of scheme 1 and Rel-16 scheme-1a
· Alt 1a: Dynamic (DCI-based) is supported
· Supported by: vivo, CATT, ZTE, [Samsung], LGE, Huawei, HiSilicon, …
· Alt 1b: Dynamic (DCI-based) is supported with UE capability
· Supported by: Huawei/HiSilicon, [Samsung], …
· Alt 2: Dynamic (DCI-based) switching is not supported
· Supported by: OPPO, Qualcomm, InterDigital, Spreadtrum, Apple, Sony, Nokia/NSB,  NEC, Lenovo/Motorola Mobility, Intel …

Based on the received inputs, Alt 2 has more support and the following proposal to address Issue #1-2 is made.
Round-1
Proposal #1-2:
· Support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a

	Company
	Comment

	OPPO
	Support the proposal. 

	DOCOMO
	Support the proposal#1-2. (Isn’t it  “Rel-16 scheme 1a”?)
As long as RRC based switching between scheme 1 (PDSCH) with Rel-16 scheme 1a, we are fine with supporting additionally DCI based switching between scheme 1 (PDSCH) with Rel-16 scheme 1.

	vivo
	If some companies still have concerns about the UE complexity, we are ok to have a UE capability for dynamic switching of scheme 1 (PDSCH) with Rel-16 scheme 1a. But we don’t support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a, since RRC-based switching would cause large RRC overhead when many UEs in the compartment would perform the switching.

Thus we are ok to modify the proposal as follows.
•	Support to have a UE capability for dynamic switching of scheme 1 (PDSCH) with Rel-16 scheme 1a

	ZTE
	Do not support this proposal. Please noted that there is no RRC signaling to turn off Rel-16 scheme 1a, and dynamic switching between 1a and other schemes are always supported. Thus, Rel-17 should follow Rel-16 design for flexibility. Otherwise, Rel-17 seems a backward design. 

	Spreadtrum
	Support FL’s proposal

	Huawei, HiSilicon
	Do not support the proposal. Both 1a and 1b are fine for us.
The Scheme 1 and Scheme 1a are more suitable under different channels, it can provide flexibity and benefits for scheduling. In addition, we have similar view as vivo that with RRC reconfiguration, a large delay and RRC signaling storm would be an issue for network.

	Samsung
	Support FL’s proposal.

	Apple
	Support

	Sony
	Support the FL proposal.

	CATT
	Not support. Considering the fact that more than 4 layers are not likely to be supported in high speed train deployment scenario with L-o-S propagation, one CDM group restriction for DM-RS is reasonable. And if such restriction is supported, dynamic switching between scheme 1 and SDM 1a can be achieved. So Alt 1a or 1b is preferred for Rel-17 HST-SFN deployment scenario.

	Nokia/NSB
	Support FL’s proposal.  We don’t see any use case of switching of two schemes.  

	Lenovo/MotM
	Support

	QC
	Support FL’s proposal. 

	Ericsson
	Support FL’s proposal.

	LG
	We are fine with vivo’s suggestion. 

	Futurewei
	Fine with vivo’s suggestion

	NEC
	Support the proposal.



2.1.3. Issue #1-3 (Identification/Configuration of scheme 1 for PDSCH)
Regarding identification of scheme 1 for PDSCH. Several companies provided their preference regarding configuration of scheme 1. Summary of the company’s preferences on this issue are provided below:

Issue#1-3: How to indicate PDSCH scheme 1 for the UE?
· Alt-1: Explicit indication using higher layer parameter
· Supported by: Qualcomm, Nokia/NSB, Intel, Sony
· Alt-2: Implicit indication by restricting the number of CDM groups for DM-RS equal to one
· Supported by: vivo, CATT, ZTE, Huawei/HiSilicon, LGE, …

Issue #1-3 has some dependency from resolution of Issue# 1-2. The proposal will be formulated based on the outcome of that discussion.
Round-1
Proposal #1-3:
· TBD, pending resolution for issue #1-2

	Company
	Comment

	OPPO
	We think both restriction of one CDM group and explicit higher layer signaling are needed. When one CDM group and two TCI states are indicated, RRC signaling is needed to differentiate Rel-17 scheme 1 from Rel-16 scheme 2a/2b/3/4.

	vivo
	We prefer Alt-2.
[one CDM group + 2 TCI states] is enough for scheme 1 to differentiate with other R16 MTRP schemes as shown in the table below.
	Transmission schemes
	CDM groups
	TCI state
	repetitionNumber
	RRC parameter

	Scheme 1a
	2
	2
	Condition 1
	\

	Scheme 1
	1
	2
	Condition 1
	\

	Scheme 2a 
	1
	2
	\
	'fdmSchemeA'  

	Scheme 2b 
	1
	2
	\
	'fdmSchemeB'

	Scheme 3
	1
	2
	\
	'tdmSchemeA'

	Scheme 4
	1
	2
	Condition 2
	\


Condition 1: DCI field 'Time domain resource assignment' not indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation.
Condition 2: DCI field "Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation.


	ZTE
	Both Alt-1 and Alt-2 should be supported.  All Rel-17 features need new RRC signaling. Further, it is usually lower rank transmission in HST, so one DMRS CDM group is sufficient. 

	Huawei, HiSilicon
	Alt.2 is preferred, similar as Rel-16 design.

	Samsung
	Both Alt1 and Alt2 should be supported.

	Apple
	Alt-1
The CDM group, or, maximum DL layers can be further discussed

	Sony
	Agree with FL’s obvervation that this also depends on the outcome of Issue 1-2. Since RRC-based semi-static switch between scheme 1 and Rel.16 M-TRP scheme 2a, 2b, 3 and 4 was supported in RAN1#104e, it seems nature design to configure scheme 1 to UE at least via a RRC parameters. 
By the way, we also think one CDM group + two TCI states could convince UE that this is scheme 1 SFN PDSCH transmission.

	CATT
	Support Alt-2. If all the DM-RS for PDSCH scheme 1 can be restricted one CDM group, dynamic switching between scheme 1 and SDM 1a can be achieved.

	Nokia/NSB
	Support Alt-1, 
Supporting a scheme is more than how to signal it. UE should know the supported schemes in the network regardless of switching method.
Detail scheduling indication can be discussed later if we agree to support dynamic switching with SDM 1a.

	Lenovo/MotM
	Support Alt-1

	QC
	Support Alt-1. 
Scheme-1 should be RRC configured for UE demod and tracking purposes. 

	Ericsson
	Support Alt-1

	LG
	We also think both Alt1 and Alt2 are needed, and this is related to the decision of issue #1-2. So, it is better to discuss this issue after decision of issue #1-2. 

	Futurewei
	Support Alt-2

	NEC
	Support both Atl-1 and Alt-2.



2.1.4. Issue #1-4 (Additional source RS in TCI for scheme 1)
Several companies have mentioned that 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 below. Therefore, it should be decided whether to restrict supported source RS configurations in TCI state to TRS only or allow all Rel-15/Rel-16 source RS configurations for HST-SFN scenario.

	-	‘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.



Issue#1-4: Whether to restrict source RS for scheme 1 to TRS only or allow the same QCL and source RS combination as currently supported for PDSCH in Rel-15?
· Alt-1: All QCL source RS resource types as defined in TCI state of Rel-16 multi-TRP are supported for scheme 1
· Supported by: CATT, Samsung, Nokia/NSB, Intel, … 
· Alt-2: Only TRS is supported as QCL source for QCL-TypeA in TCI
· Supported by: …
· Note: It was already agreed that each TCI state may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)

Based on the inputs above, it is proposed not to have QCL source RS restrictions for PDSCH scheme 1.
Round-1
Proposal #1-4:
· All QCL source RS resource types as defined in TCI state for Rel-16 multi-TRP are supported for scheme 1
	Company
	Comment

	OPPO
	Support the proposal.

	DOCOMO
	Support the proposal#1-4 (i.e. Alt-1).

	vivo
	Support the proposal.

	ZTE
	Support

	Spreadtrum
	Support

	Huawei, HiSilicon
	We are fine with the proposal.

	Samsung
	Support

	Apple
	Okay

	Sony
	Support.

	CATT
	Support FL’s proposal.

	Nokia/NSB
	Support the proposal. 

	Lenovo/MotM
	Support

	QC
	Don’t support.
We support only Alt-2 (TRS only).
Concerns on tracking accuracy with lower density CSI-RS.   

	Ericsson
	Support FL’s proposal.

	LG
	We are fine with the proposal

	Futurewei
	Support

	NEC
	Support the proposal.



2.1.5. Issue #1-5 (Support of scheme 2)
Regarding support of scheme 2. Several companies expressed their preference regarding support of scheme 2 in Rel-17. Some companies have also provided LLS evaluation results comparing performance of scheme 2 with scheme 1 and the baseline scheme. Summary of the company’s views are provided below:

Issue#1-5: Whether to support scheme 2 in Rel-17?
· Scheme 2 is supported
· Supported by: InterDigital, Intel, Lenovo / Motorola Mobility, …
· Scheme 2 is not supported / low priority
· Supported by: vivo, OPPO, Samsung, Nokia/NSN, Qualcomm, …

Since there is no clear majority to support scheme 2 in Rel-17, it is recommended to make the following conclusion on Issue #1-5.
Round-1
Proposal #1-5:
· Conclusion:
· Scheme 2 is not supported in Rel-17

	Company
	Comment

	OPPO
	Support the conclusion. 

	DOCOMO
	Support proposal#1-5 (i.e. Scheme 2 is not supported).

	vivo
	Support the proposal

	ZTE
	Support the proposal

	Spreadtrum
	Support

	Huawei, HiSilicon
	We are fine with the conclusion.

	Samsung
	Support

	Apple
	Support

	Sony
	Support the conclusion.

	CATT
	Support this conclusion.

	Nokia/NSB
	Support the proposal. 

	Lenovo/MotM
	We prefer prioritizing a decision on whether a network-based solution is adopted for HST-SFN before making a decision on Scheme 2

	QC
	Support the conclusion

	Ericsson
	We are fine with the conclusion.

	Futurewei
	Fine with the conclusion

	NEC
	We are fine with the conclusion.



Other issues
This section contains other issues that companies want to highlight for discussion regarding support of UE-based schemes.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.2. TRP-based solutions
2.2. 
2.2.1. Issue #2-1 (Support of TRP-based pre-compensation)
Regarding support of TRP-based pre-compensation scheme in Rel-17. In RAN1#104-e meeting it was agreed that decision on support will take place in RAN1#104b-e meeting. Below is summary of company’s preferences on this issue.

Issue#2-1: Whether to support specification-based TRP pre-compensations?
· TRP-based frequency offset pre-compensation is supported in Rel-17
· Supported by: Huawei / HiSilicon, Vivo, ZTE, CATT, Lenovo/Motorola Mobility, Qualcomm, CMCC, Futurewei, Samsung, OPPO, Apple, NEC, Spreadtrum, Sony, NTT Docomo
· TRP-based frequency offset pre-compensation is not supported in Rel-17
· Supported by: LGE, Nokia / NSN, Ericsson? 

Based on the inputs above, there is majority that prefers specification of TRP-based frequency offset compensation scheme in Rel-17 for HST-SFN scenario. Moderator notes that situation is the same to RAN1#103-e and RAN1#104-e meetings and recommends to agree on the following proposal:
Round-1
Proposal #2-1:
· Specification-based TRP pre-compensation is supported in Rel-17
· FFS other details

	Company
	Comment

	OPPO
	Support the proposal 

	DOCOMO
	Support.

	vivo
	Support the proposal 

	ZTE
	Support

	Spreadtrum
	Support

	Huawei, HiSiliocn
	Support the proposal. There have been many companies show the performance gain for TRP based pre-compensation.

	Samsung
	Support

	Sony
	Support the FL proposal.

	CATT
	Support FL’s proposal. According to our simulation, even with CFO and Doppler adjustment delay due to SRS, compared with Rel-15 SFN transmission, obvious performance gain can still be observed for the schemes with pre-compenastion.  Therefore, from performance perspective,  pre-compensation should be supported.  

	Nokia/NSB
	Do not support the proposal.
In our evaluation with practical gNB implementation (inter-OFDM symbol pre-compensation), we don’t see any gain of pre-compensation scheme over scheme 1. And, specification-based pre-compensation requires UE capability, and no big difference from scheme 1 in terms of deployment, and additional problem of co-existence with legacy UE happens. 
 Also, regarding to two key issues, 
· Issue 1: how to signal QCL relation
· Issue 2: how to measure frequency offset.
For both options, there are specification-transparent schemes.
· For Issue 1, if pre-compensated TRS/CSI-RS is supported, it is a spec transparent scheme.
· For Issue 2, if normal SRS is used for measuring frequency offset, it is also a spec transparent scheme.   
There is a possible option only using specification transparent schemes, which is implementation-based scheme.

	Lenovo/MotM
	Support

	Ericsson
	According to our observation, the gain of pre-compensaton over DPS is only shown at very low SNR(SNR < 0) and the middle point of 2 TRPs, UE in this condition are most likely to be power limited, the estimation based on UL measurement become unreliable. As the performance gain relies on accurate doppler shift information received/estimated at gNB and reported CSI from the UE, explicit dopper shift report from the UE shall be supported. We understand many companies are willing to support the pre-compensation to reduce the implementation complexity from UE side. In order to proceed the pre-compensation discussion on this meeting, may we suggest to add “support explicit dopper shift indication from UE” in the subbullet to the main proposal? 

	LG
	If majority supports the proposal, we are generally ok with the proposal. 
But, ‘Specification-based’ is not clear yet. So, the proposal can be modified as follows. 
Proposal #2-1:
· Specification-based TRP-based pre-compensation scheme is supported in Rel-17
· FFS other details


	Futurewei
	Support. Also ok with LG’s version

	NEC
	Fine with the proposal.



2.2.2. Issue #2-2 (QCL types/assumptions when TRS is source)
Regarding new QCL types/assumption for TRS, when TRS resource(s) is used as source RS in the TCI state. The following preference on the QCL Variants (agreed in RAN1#103-e meeting) were provided by companies for TRP-based pre-compensation schemes.
Issue#2-2: For TRP-based pre-compensation, when the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant from RAN1#103-e meeting agreement is supported for Rel-17 HST-SFN scenario
· Variant A 
· Supported by: Huawei / HiSilicon, OPPO, Spreadtrum, CATT, Futurewei, ZTE, CMCC, Apple, Ericsson (2nd preference), Samsung,  Lenovo/Motorola Mobility, Nokia/NSB(if supported),……
· Variant B 
· Supported by: CATT, Intel, CMCC, Ericsson (1st preference), Sony?, Qualcomm,
· Variant C 
· Supported by: vivo, CMCC, …
· Variant E 
· Supported by: InterDigital, Futurewei, Samsung,  Sony, Nokia/NSB(if supported)…
Several companies mentioned that Variant A/C or Variant B for QCL assumptions depends on TRS transmission, i.e., TRP-specific TRS for Variants A/C and SFN TRS for Variant B. Considering that Variant A has higher support than Variant C, it is proposed to down-select Variant A and also support Variant B as QCL types/assumptions for TRP-based pre-compensation.

Round-1
Proposal #2-2:
· Variant A or Variant B can be used as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal.

	Company
	Comment

	OPPO
	We don’t support to agree on both Variant A and B. One variant is sufficient to support TRP based pre-compensation. Variant A and B needs different UE implementation and different DMRS estimators. If both are supported, UE may need to dynamically switch between different estimators since TCI state is dynamically indicated. Hence, we sugget the updated proposal below:

Proposal #2-2:
· Down select from Variant A and Variant B to be used as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal.

	vivo
	Don’t support the proposal.
· For Variant B,  SFN-based TRS for {average delay, delay spread} should use the same Tx beams with TRP-specific TRSs for {Doppler shift, Doppler spread} in FR2. However, for Variant A/C, SFN-based TRS deployed for legacy UE can use different Tx beams with TRP-specific TRS for R17 UE in FR2. Therefore, Variant A/C is more flexible than Variant B in FR2 deployment.
· In the existing spec, {average delay} is mainly used for downlink timing adjustment by TRS or SSB. For Variant A/C, since downlink frequency shift is only adjusted based on one TCI state(e.g. the first TCI state associated with TRS1) in the pre-compensation scheme, it is natural that adjusting downlink timing shift based on the same TCI state is enough. We have analyzed in our contribution that {average delay} in the second TCI state is redundant, and we don’t see the usage of {average delay} in the second TCI state.



	ZTE
	We support this proposal in principle. However, as we analysed in our tdoc, if new QCL type is introduced, the spec/implementation impact will be huge. For example, the new TCI states with new QCL type will not be shared for other target signals, like CSI-RS, PDSCH/PDCCH for single TRP. Thus, we prefer using the current TCI structure. Once UE identifies the transmission scheme is precompensaton based SFN, UE just ignore some QCL parameters.
Suggested wording as follows
Proposal #2-2:
· Variant A or Variant B can be used as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal.
· FFS whether new QCL type is supported or not


	Spreadtrum
	Fine with the revised proposal from OPPO

	Huawei, HiSilicon
	Support Variant-A for QCL assumption. In the SFN-HST transmission, the delay information. i.e., delay spread and average delay, should be considered in receiving filter. Since there is precompensation on Doppler, only one Dopple information is needed. So, Variant-A is a proper solution for QCL assumptions.
For Variant-B, we do not see how Variant-B can work. 

	Samsung
	Support the revised proposal from OPPO and prefer to support Variant A

	Apple
	We are fine with the modified proposal from OPPO

	Sony
	The selection of variants also depends on the results of Issue 2-3. If Alt-2 in Issue 2-3 can be supported, then it seems possible we don’t need to additional support variant. In other words, previously supported Variant E for non-precompensated TRP transmission can be reused for TRP-based pre-compensation. 

	CATT
	Support FL’s proposal.

	Nokia/NSB
	We support for using pre-compensated TRS instead of having new QCL relation.
If UE is anchored by a TRP (TRS), then when anchor is changed, UE’s carrier frequency should be jumped a lot (2xf_offset).
In general UE implementation, UE’s frequency shifting is only supported by unit of SCS/2 used for frequency hopping or carrier switching. Fractional shift is only suppored by AFC. So, RAN4 should define new UE requirement for fractional frequency shift in time. 
For smooth changing of UE’s carrier frequency between two TRPs, UE shall select its carrier frequency by UE’s choice. 

However, if specification support is required for this, we are preferring Variant A or Variant E.  Also, as ZTE’s comment, UE’s can select the QCL parameter to refer from the two QCL sources.  

	Lenovo/MotM
	There are multiple variants of the network-based solution (e.g., with 1 or 2 TRSs). We should finalize the outline of the TRS transmission for pre-compensation scheme first before discussing the QCL assumptions

	QC
	Support FL proposal
There will be different network deployments where one of the varriants is utilized. 

	Ericsson
	Both Variant A and B would work. In case of separate TRS per TRP and if a same Doppler spread is assumed from two TRPs, Variant A can be used. In case that one TRS is transmitted with SFN and if a same Doppler spread is assumed from two TRPs, Variant B can be used.

	LG
	We support the revised proposal from OPPO/ZTE. 

	Futurewei
	Support Variant A but not B



2.2.3. Issue #2-3 (New QCL types/assumption)
Regarding signalling of QCL type/assumptions for TRP-based pre-compensation scheme. The following two approaches were identified by companies for TRP-based pre-compensation scheme as captured in Alt 1 and Alt 2:

Issue#2-3: For TRP-based pre-compensation QCL assumptions is provided to the UE by using
· Alt-1: New QCL type
· Supported by: [Huawei / HiSilicon], [Lenovo/MotMobility], [Spreadtrum], [Intel], [Vivo], [Futurewei], Qualcomm, [CATT]
· Alt-2: The existing QCL type(s) with certain QCL parameters dropped from the indicted QCL type
· FFS rule to determine which TCI state with dropped QCL parameters
· Supported by: ZTE, Sony, Nokia/NSB (if supported), [OPPO], [LGE], NEC, [NTT Docomo], [Apple], …
Companies are invited to share their preference on signalling option of QCL types/assumptions for TRP-based pre-compensation scheme.
Round-1
Proposal #2-3:
· TBD

	Company
	Comment

	OPPO
	We support Alt-2.

	DOCOMO
	Slightly prefer Alt.2. 

	vivo
	Support Alt-1.

	ZTE
	Support Alt 2. 
As we analysed in our tdoc, if new QCL type is introduced, the spec/implementation impact will be huge. For example, the new TCI states with new QCL type will not be shared for other target signals, like CSI-RS, PDSCH/PDCCH for single TRP. Thus, we prefer using the current TCI structure. Otherwise, to support the same number of beams for all of PDSCH, PDCCH and CSI-RS as Rel-16, the maximum number of configured/activated TCI states should be increased. 

	Huawei, HiSilicon
	Support Alt.1. For the contents of QCL assumptions, the two solutions are equivelent. However, from specification point of view, Alt.1 is much more clear in the configuration.

	Samsung
	Support Alt2.

	Apple
	Alt-2

	Sony
	Support Alt-2. 
We share similar view with ZTE that if new QCL-Type is introduced, then the combinations of QCL-Info1 and QCL-Info2 (forming TCI state) should be increased accordingly to cover both scheme 1 and other scheme, e.g. S-TRP Tx. As for Alt-2, we only need to specify UE’s behavior in Spec.  

	CATT
	Alt-1 is slightly preferred.

	Nokia/NSB
	Alt-2 if supported.

	Lenovo/MotM
	Similar to our previous comment, the discussion on QCL assumptions should be deferred until after the scheme details are finalized. Our proposal in the tdoc was based on one variant of the pre-compensation scheme, which is not clear yet whether it would be the supported version

	QC
	Support Alt-1
From UE prespective, Alt-1 is explicitly clear how to obtain the large-scale channel properties from each TRS.

	Ericsson
	Alt-1 in our understanding is a cleaner solution.

	LG
	Support Alt2.

	Futurewei
	Support Alt-1

	NEC
	Support Alt-2.



2.2.4. Issue #2-4 (Indication of the carrier frequency for UL)
Regarding indication of the carrier frequency for UL transmission. Several companies discussed this issue and provided their views, which are summarized below:
Issue#2-4: Indication of carrier frequency for uplink transmission in TRP-based pre-compensation schemes
· Option 1 Implicit from RAN1#102-e agreement 
· Supported by: OPPO, CATT, CMCC, Qualcomm, Intel, Samsung, [Futurewei], [vivo], [Lenovo / Motorola Mobility], [NTT DOCOMO], …
· Option 2 Explicit from RAN1#102-e agreement 
· Supported by: Ericsson, Sony, Intel, Nokia / NSN (if supported), [NTT DOCOMO], …

Companies are invited to share their views regarding indication option of the carrier frequency for UL transmission.
Round-1
Proposal #2-4:
· TBD

	Company
	Comment

	OPPO
	Support Option 1. 

	vivo
	Support Option 1. 

	ZTE
	Support Option 1

	Spreadtrum
	Support Option 1. 

	Huawei, HiSilicon
	Support Option 1

	Samsung
	Support Option 1

	Apple
	Option 1

	CATT
	Support Option 1

	Nokia/NSB
	Option 2. 
For option 1, please clarify if any specification impact exists. 
It should be clarified, if separate SRS resources should be transmitted to each TRP. Also, RAN4 study should guarantee the performance of frequency offset estimation via SRS. 

	Lenovo/MotM
	Support Option 1. The path to specifying Option 2 is not clear, since introducing a new feedback parameter in CSI report would require several CSI enhancements related to reporting quantities, UCI design, time-domain behavior of CSI reporting configuration, and others. It is not clear whether/how this should be coordinated with AI 8.1.4.

	QC
	Suport Option 1.
SRS enhancement to improve Doppler estimation should be discussed. As explained in our tdoc and also highlighted by Nokia, the current SRS is not designed to enable accurate Doppler shift/spread measurement which may lead to large frequency error that affect pre-compensation accuracy. 

	Ericsson
	Option2: Explicit indication from UE shall be supported. We are also open for SRS enhancement.

	LG
	Support Option 1.

	Futurewei
	Support Option 1

	NEC
	Support Option 1.



2.2.5. Issue #2-5 (QCL-like association between DL and UL RS)
Regarding support of QCL-like association between DL and UL RS, e.g. for carrier frequency indication in UL. Several companies provided their views whether it requires specification support or can be up to UE implementation. Company’s preferences on this issue are summarized below:
Issue#2-5: Whether to support QCL-like association between DL and UL RS?
· Option 1: QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by specification. FFS between the following alternatives:
· Alt-1: Explicit indication of the DL RS for QCL-like association
· Alt-2: Implicit indication of DL RS for QCL-like association
· Supported by: Futurewei, CMCC, Qualcomm, [ZTE], [Lenovo/MotMobility], [Sony], …
· Option 2: QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by implementation without specification impact
· Supported by: vivo, CATT, Ericsson (if supported), Samsung, Intel, [OPPO], [LGE], [NEC], [Nokia/NSB], …
Companies are invited to share their preference on QCL-like association between DL and UL RS.
Round-1
Proposal #2-5:
· TBD

	Company
	Comment

	OPPO
	Support Option 2. 

	vivo
	Support Option 2. 

	ZTE
	Support Opiton 2

	Spreadtrum
	Support Option 2.

	Samsung
	Support Option 2.

	Apple
	Option 2

	CATT
	Support Option 2. 

	Nokia/NSB
	Support Option 2.

	Lenovo/MotM
	Support Option 1, Alt-2. Explicit indication via unified TCI framework is still under discussion in AI 8.1.1, not clear how an agreement can be made that is based on an incomplete framework in another AI. We also believe specification is needed to ensure Doppler reciprocity, otherwise pre-compensation would not be precise

	Ericsson
	Option 2 shall be supported first. Option 1 can be considered if the pre-compensation is to compensate the measured frequency offset per TRP, instead of the difference between the two TRPs.

	LG
	Support option 2.

	Futurewei
	Support Option 1

	NEC
	Support Option 2.



2.2.6. Issue #2-6 (Switching of TRP pre-compensation scheme)
Some companies have provided their views regarding configuration of TRP pre-compensation scheme and support of dynamic switching with legacy schemes. Company’s views on this issue are summarized below:
Issue#2-6: How to support switching/configuration of TRP pre-compensation with legacy Rel-15/Rel-16 schemes?
· Alt-1: Dynamic (DCI-based)
· FFS which legacy schemes should support dynamic switching
· Supported by: Qualcomm (scheme 1), Nokia/NSB (scheme 1), [ZTE], …
· Alt-2: Semi-static (RRC-based)
· Supported by: [InterDigital],  [OPPO], …
Companies are invited to share their preference on indication of TRP pre-compensation scheme.
Round-1
Proposal #2-6:
· TBD

	Company
	Comment

	OPPO
	It depends on the supported variant for TRP pre-compensation. 

	DOCOMO
	Support Alt.1

	vivo
	The same as scheme 1 for consistence, since they are both SFN schemes

	ZTE
	The same as scheme 1 for consistence

	Huawei, HiSilicon
	Support Alt.1

	Samsung
	The same as scheme 1 for consistency.

	Apple
	Alt-2

	CATT
	Pre-compensation scheme can be indentified by indicating the new QCL type, e.g., QCL variant A, B or E, in TCI.

	Nokia/NSB
	Switching with S-TRP only based on TCI indication. 
Support of the scheme should be separately configured if supported. 

	Lenovo/MotM
	Defer decision until pre-compensation scheme details are finalized

	QC
	Support Alt.1
Scheme1 and Pre-compensation share common UE processing and procedures.

	Ericsson
	At least support dynamic switch between S-TRP and TRP pre-compensation.

	LG
	We have the same view with vivo/ZTE/Samsung.

	Futurewei
	Support Alt-1



Other issues
This section contains other issues that companies want to highlight for discussion regarding support of TRP-based pre-compensation scheme.
	Company
	Comment

	Futurewei
	We think depending on the implementation, two different types of Variant E are needed:
· Separate TRSs with two different Doppler shifts, and the DMRS with two different Doppler shifts (i.e., no gNB compensation for DMRS);
· Separate TRSs with two different Doppler shifts, but the DMRS with only one Doppler shift (i.e., with gNB compensation for DMRS).
Can this be discussed? Further details can be found in our tdoc.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.3. SFN transmission of PDCCH 
2.3. 
2.3.1. Issue #3-1 (MAC CE indication of TCIs for CORESET)
Regarding MAC CE indication. Several companies provided additional details on support of MAC CE based activation of two TCI states for PDCCH. Based on the discussion, the following proposal is made:
Round-1
Proposal #3-1:
· 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
· Send LS to RAN2 to inform about agreement on support of enhanced MAC CE for CORESET in Rel-17
Companies to provide their preference on the proposal above.
	Company
	Comment

	OPPO
	Support the proposal with the following restriction:
· The enhanced MAC CE signaling is not applied to a CORESET configured with CORESETPoolindex.
For CORESRTs grouped via different values of CORESETPoolindex, it is not needed to further activate two TCI states for a CORESET. Otherwise, UE may need to receive PDSCHs with more than two TCI states simultaneously if PDSCH follows the TCI states of PDCCH.

	DOCOMO
	Support.

	vivo
	Support.

	ZTE
	Support.
Regarding OPPO’s comment, it should be further discussed.

	Xiaomi
	Support the proposal

	Spreadtrum
	Support

	Huawei, HiSilicon
	We are fine with the proposal.

	Samsung
	Support

	Apple
	Okay

	Sony
	We are okay with the FL proposal. 

	CATT
	Support FL’s proposal. Whether SFN-based PDCCH can be used in M-DCI needs further discussion.

	Convida Wireless
	 Support.

	Nokia/NSB
	Support.

	Lenovo/MotM
	Support

	APT/FGI
	Support FL proposal 

	QC
	Support

	Ericsson
	We are fine with FL’s proposal

	LG
	Support 

	Futurewei
	Support

	NEC
	Support the proposal.

	Moderator
	The proposal is updated by adding second FFS to address comment from OPPO.


Proposal #3-1a:
· 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

2.3.2. Issue #3-2 (Default TCI for single-TRP PDSCH)
Regarding default beam assumption for PDSCH. In the context of supporting two TCI states for PDCCH, several companies proposed to consider the issue of the default beam (TCI state) in different scenarios. In particular, default TCI state for Rel-15 single-TRP PDSCH reception. Based on the company’s contributions the following proposal is made.
Round-1
Proposal #3-2:
· If a CORESET is indicated with two TCI states, for Rel-15 single TRP PDSCH define rule(s) to determine one of the TCI states of the CORESET used as default beam for PDSCH reception
· FFS the exact rule

	Company
	Comment

	OPPO
	Support the proposal in principle. If neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, it is a typical S-TRP scenario for PDSCH, and one TCI state should be applied. 

	DOCOMO
	Support.

	vivo
	Support.

	ZTE
	Support in principle

	Xiaomi
	Support the proposal

	Spreadtrum
	Support

	Samsung
	Support in principle.

	Apple
	Okay

	CATT
	Support FL’s proposal. 

	Convida Wireless
	Support, but suggest to use “activated with” instead of “indicated with”.

	Nokia/NSB
	The scenario should be justified before making decision. 
This is only for the case when SFN PDCCH + non-SFN S-TRP PDSCH are supported, and the use case should be justified first. We think that if SFN PDCCH is supported, PDSCH should be at least supporting SFN or M-TRP schemes. If then, the existing default QCL assumption for Rel-15 and Rel-16 can be used.

	Lenovo/MotM
	Support

	APT/FGI
	Support 

	LG
	For the clarification, how can UE distinguish if it is for Rel-15 single TRP PDSCH? If neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, the UE can follow Rel-15 principle, i.e., the same TCI state(s) of the lowest CORESET ID in the latest slot or of the scheduling PDCCH

	Futurewei
	Support in principle

	NEC
	Support.



2.3.3. Issue #3-3 (Default TCI for Rel-16 multi-TRP PDSCH)
Several companies have proposed to define default TCI state for Rel-16 multi-TRP PDSCH schemes with repetition when scheduled by PDCCH transmitted from CORESET indicated with two TCI states. Based on the company’s contributions the following proposal is made.
Round-1
Proposal #3-3:
· If a CORESET is indicated with two TCI states, for Rel-16 multi-TRP PDSCH schemes 3,4 define rule to determine default beam for PDSCH reception
· FFS the exact rule

Companies to provide their views on the proposal above.
	Company
	Comment

	OPPO
	If enableTwoDefaultTCI-States is not configured, it is a single TRP scenario, and should be discussed in issue #3-2. 
[bookmark: _Hlk55126218]If enableTwoDefaultTCI-States is configured, the default TCI state will be the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. 

Hence, it is unclear to us whether additional rule is needed. 

	DOCOMO
	Support. We assume the both of two TCI states are applied to the PDSCH repetition.

	vivo
	Support.

	ZTE
	There is no spec impact for this case. 

	Xiaomi
	Support the proposal

	Spreadtrum
	Share the same view with OPPO, no enhancement is needed.

	Samsung
	There is no spec impact since the default beam behavior for PDSCH schemes 3 and 4 was defined regardless of the number of TCI states for CORESET.

	Apple
	Okay

	CATT
	Same view as OPPO, ZTE Spreadtrum and Samsung.

	Convida Wireless
	Question for clarification: 
Is the intention to support using the two activated CORESET TCI states for the TMDed PDSCH when the TCI field is not present in the DCI? 

	Nokia/NSB
	Agree with OPPO’s comment. 

	Lenovo/MotM
	We believe the situation depends on  whether a TCI field present in DCI. If DCI contains TCI field, whether a scheduled PDSCH transmitted from a single TRP or multi-TRP, the default beam for multi-TRP PDSCH follows the lowest TCI codepoint containing two TCI states which was specified in Rel-16 already. If DCI doesn’t contain TCI field, the default beam for PDSCH reception needs to be determined for all multi-TRP PDSCH schemes, not only schemes 3,4.

	APT/FGI
	We are OK to discuss it. 

	LG
	There is no spec impact. 

	Futurewei
	OK to discuss

	NEC
	Support. 



2.3.4. Issue #3-4 (Default TCI for Rel-17 SFN PDSCH)
Several companies have proposed to define new default TCI state rule for Rel-17 enhanced SFN PDSCH transmission scheme, when scheduled by PDCCH transmitted from CORESET indicated with two TCI states. Based on the company’s contributions the following proposal is made.
Round-1
Proposal #3-4:
· If a CORESET is indicated with two TCI states for Rel-17 SFN PDSCH scheme
· Alt 1. Define new rule to determine default beam for PDSCH
· FFS the exact rule
· Alt 2. Reuse Rel-16 rule to determine default beam for PDSCH

Companies to provide their views on the proposal above including preference for the specific alternative.
	Company
	Comment

	OPPO
	Support Alt 2. Rel-16 rule, e.g. the default TCI state is the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, is sufficient for Rel-17 SFN.

	DOCOMO
	We’d like to know the difference between Alt.1 and Alt.2.
Is it correct understanding that Alt.2 does not change the rule to determine which CORESET is selected as default beam, and we only specify how to select one of the two TCI states configured in the CORESET? If so, we prefer this (Alt.2).

	vivo
	Slightly prefer Alt 2.

	ZTE
	The same view as OPPO

	Xiaomi
	Support Alt 2. If the TCI field is not present, and the time offset is equal to or greater than a threshold, the default TCI state is the TCI states correspongding to the CORESET. If the  time offset is less than a threshold, the default TCI state is the TCI states correspongding to the lowest codepoint with two TCI states.

	Spreadtrum
	Support Alt.2

	Apple
	Alt 2

	CATT
	Support Alt 2.

	Convida Wireless
	A question for OPPO, if I may (for my understanding): 
Is the assumption that the needs to support defaultQCL-TwoTCI-r16 to support a Rel-17 SFN PDSCH scheme?
A question for Xiaomi, if I may (for my understanding):
For the first case you describe, it seems the Rel-16 spec does not consider the case that two TCI states are activated for the CORESET: “the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission”?

	Nokia/NSB
	Support Alt 2, using Rel-15 or Rel-16 default QCL according to MAC-CE inclusion of TCI codepoint with two TCI states. 

	Lenovo/MotM
	Support Alt 2

	APT/FGI
	We share similar questions as Convida. More clarications/discussions would be needed. 

	LG
	If either of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, the UE can follow Rel-16 principle. But, if neither of them is configured, the UE can follow Rel-15 principle, i.e., the same TCI state(s) of the lowest CORESET ID in the latest slot or of the scheduling PDCCH

	Futurewei
	Prefer Alt 2

	NEC
	Support Alt 2.



2.3.5. Issue #3-5 (Default TCI for aperiodic CSI-RS)
Regarding default beam assumption for aperiodic CSI-RS. Several companies proposed to define new beam assumptions for aperiodic CSI-RS reception in Rel-17 when CORESET is indicated with two TCI states. Based on the company’s contributions the following proposal is made.
Round-1
Proposal #3-5:
· If a CORESET is indicated with two TCI states, and scheduling offset for AP CSI-RS is less than the threshold
· Alt 1: Use one of two TCI states as default beam for aperiodic CSI-RS reception
· Alt 2: Use two TCI states of CORESET as default beam for aperiodic CSI-RS reception

Companies to provide their views on the proposal above including preference for the specific alternative.
	Company
	Comment

	OPPO
	Alt 2 can’t be implemented by UE acturally. For example, for AP CSI-RS for CSI feedback, different TCI states will lead to different measurement results. How can UE use both TCI states for CSI measurement?

	vivo
	Support Alt 1. It seems Alt 2 implies that SFN-based CSI-RS is transmitted. However, TRS is TRP-specific, CSI-RS should also be TRP-specific in HST-SFN.

	ZTE
	Alt 2 cannot be supported as CSI-RS cannot be SFN based.
This proposal is not used when there is no ther signals in the same symbol as AP CSI-RS and UE does not support Rel-16/17 default beam feature

	Xiaomi
	Alt 1 and alt 2 may be applied in different cases respectively. 

	Spreadtrum
	Support Alt 1

	Samsung
	Support Alt1. As ZTE mentioned, whether there is other signals in the same symbol as AP CSI-RS or not should be considered.

	Apple
	Alt 1.

	CATT
	Support Alt 1.

	Convida Wireless
	Support Alt 1.

	Nokia/NSB
	Slightly prefer Alt 2, but we can discuss later after M-TRP CSI in AI8.1.4 completed.  
To vivo, QCL assumption doesn’t imply SFN CSI transmission. It is related UE’s assumption for RX operation not to miss reception any of beams before PDCCH decoding. gNB can transmit one or two of two TCIs for AP CSI-RS. 

	Lenovo/MotM
	Support Alt 1

	LG
	Support Alt1

	Futurewei
	Ok to discuss further

	NEC
	Support Alt 1.




2.3.6. Issue #3-6 (Default spatial relation for single-TRP PUSCH/PUCCH/SRS)
In the context of supporting two TCI states for CORESET, several companies have mentioned the issue of default uplink beam(s) and PL-RS for dedicated-PUSCH/PUCCH/SRS transmission to a single TRP. Based on the company’s contributions the following proposal is made.
Round-1
Proposal #3-6:
· If a CORESET is indicated with two TCI states, for single-TRP PUSCH/PUCCH/SRS transmission define rule(s) to determine one of the TCI states of the CORESET used as default beam and PL-RS 
· FFS the exact rule 

Companies to provide their preference on the proposal above.
	Company
	Comment

	OPPO
	This issue can be discussed after there is conclusion on PDSCH.

	DOCOMO
	Support.
We  support to select one of two TCI states of the CORESET used as default beams for M-TRP PUSCH/PUCCH/SRS transmission.

	vivo
	Support.

	ZTE
	Discuss it later

	Xiaomi
	Support the proposal

	Spreadtrum
	Support

	Samsung
	Support FL’s proposal

	Apple
	We think this should be low priority, i.e., default beam for UL

	CATT
	Support 

	Convida Wireless
	It can be discussed later.

	Nokia/NSB
	Discuss it later. This can be discussed later after AI 8.1.1 decision. 

	Lenovo/MotM
	Support

	APT/FGI
	Support FL proposal 

	Futurewei
	Ok to discuss it later

	NEC
	Support the proposal.



2.3.7. Issue #3-7 (Default spatial relation for Rel-17 multi-TRP PUSCH/PUCCH)
If a CORESET is indicated with two TCI states, several companies proposed to define rule to determine default beam for Rel-17 multi-TRP PUSCH/PUCCH transmission scheme with repetition. Based on the discussion the following proposal is made. 
Round-1
Proposal #3-7:
· If a CORESET is indicated with two TCI states, support two TCI states of the CORESET used as default beams for Rel-17 Multi-TRP PUSCH/PUCCH repetition scheme
· FFS the exact rule

Companies to provide their views on the proposal above.
	Company
	Comment

	OPPO
	This issue can be discussed after there is conclusion on PDSCH.

	DOCOMO
	Support.
We  support both two TCI states of the CORESET used as default beams for each transmission of M-TRP PUSCH/PUCCH repetition.

	vivo
	Discuss it later

	ZTE
	Discuss it later

	Xiaomi
	Discuss it later

	Spreadtrum
	Discuss it later

	Samsung
	Support. It is also fine for discussing in later.

	Apple
	We think this should be low priority

	CATT
	Discuss it later

	Convida Wireless
	Discuss it later

	Nokia/NSB
	Discuss it later.

	Lenovo/MotM
	Support

	APT/FGI
	Support 

	Futurewei
	Ok to discuss it later

	NEC
	Discuss it later.



2.3.8. Issue #3-8 (Issues related to BFR support)
Several companies have mentioned several BFR issues that should be addressed for the UE configured with CORESET associated with two TCI states. Based on the company’s contributions the following proposal is made. 
Round-1
Proposal #3-8:
· When two TCI states are configured for a CORESET, support the following enhancements to BFR procedures 
· Configuration of RS for BFD 
· Implicit configuration
· Alt 1-1: RS of CORESETs with only single active TCI states are used
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Explicit configuration
· Alt 2-1 Support defining CSI-RS resource or SSB pairs
· FFS other details
· Alt 2-2 Reuse the existing approach for BFD RS configuration
· Assumptions for hypothetical BLER calculation for PDCCH
· Alt 3-1: RS in the two TCI states or CSI-RS / SSB pairs (if supported) are directly used as the BFD RS
· Alt 3-2: UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
· Configuration of NBI RS
· Alt 4-1: Reuse the existing Rel-15 NBI configuration based on single CSI-RS resource
· Alt 4-2: Introduce two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
· FFS applicability of the BFR enhancements above to 
· Rel-15 BFR
· Rel-16 BFR
· Rel-17 BFR
· FFS UE behavior on monitoring the PDCCH candidate after BFD
· FFS applicability of some enhancements to RLM procedures
· FFS other aspects

Companies to provide their views on the proposal above including necessity of the BFR enhancements and refinements of the proposals.
	Company
	Comment

	DOCOMO
	Configuration of RS for BFD
· Support Alt.1-2. When a CORESET is indicated with two TCI states, for RLM and per cell BFD, RSs in both TCI states of the CORESET can be used as detection RS so that channel condition between UE and both TRPs are taken into account.
· Support Alt.2-1. When RLM/BFD RS set is explicitly provided, for a CORESET indicated with two TCI states, we’d like to study how to ensure the detection RS set includes RSs in both TCI states of a CORESET.

Assumptions for hypothetical BLER calculation for PDCCH
· Support Alt 3-1.

Configuration of NBI RS
· Support Alt 4-2

Applicability of the BFR enhancements
· Shoul be applied to all of PCell/PSCell BFR, SCell BFR, and per TRP BFR.

Enhancements to RLM procedures
· RLM RS should be also considered in the proposa. The issue of explicit/implicit RLM RS configuration is the same as explicit/implicit BFD RS configuration.


	ZTE
	Discuss it later

	Xiaomi
	Support the proposal

	Spreadtrum
	Discuss it later

	Samsung
	We can discuss this later.

	Apple
	Discuss it later 

	CATT
	This issue can be discussed under AI 8.1.2.3.

	Convida Wireless
	Agree with CATT.

	Nokia/NSB
	Discuss it later.

	Lenovo/MotM
	Support Alt.2-1, Alt.3-2, Alt.4-2 on account that new BFR mechanism is defined to align with newly specified SFN based PDCCH transmission scheme.  

	APT/FGI
	Support in principle. This issue may be related to TRP BFR in 8.1.2.3. In addttion, on the first sub-bullet, we may also need to discuss whether there is one or two BFD-RS set.

	Futurewei
	Ok to discuss it later

	NEC
	We support the discuss the issues, and fine to disucss them later.



2.3.9. Issue #3-9 (Identification of SFN PDCCH transmission)
Several companies have mentioned the issue of identification of the Rel-17 enhanced SFN PDCCH. Based on this discussion, the following proposal is made:
Issue #3-9: 
· Identification of the enhanced SFN PDCCH transmission scheme (scheme 1 and TRP-based pre-compensation)
· Alt 1: RRC parameter 
· Supported by: Qualcomm, …
· Alt 2: MAC CE with two TCI states
· Supported by: Vivo, …

Round-1
Proposal #3-9:
· TBD

Companies to provide their preference on the alternatives above.
	Company
	Comment

	OPPO
	Alt 1 is preferred. 

	vivo
	Support Alt 2

	ZTE
	In our view, both RRC and MACCE are needed. RRC is to enable this Rel-17 feature, and MACCE is to activate/update two TCI states

	Samsung
	Both are needed.

	Apple
	Alt 1

	CATT
	This can be discussed later. Similar approach, i.e., based on indicated QCL type, as in PDSCH can be considered.

	Convida Wireless
	Agree with ZTE.

	Lenovo/MotM
	Support Alt.2-1, Alt.3-2, Alt.4-2 on account that new BFR mechanism is defined to align with newly specified SFN based PDCCH transmission scheme.  

	LG
	Support Alt2. 
We already agreed on MAC CE enhancement, and this MAC CE can be used for identification of SFN PDCCH. 

	Futurewei
	Agree with ZTE

	NEC
	Agree with ZTE.



2.3.10. Issue #3-10 (PDCCH monitoring with different QCL-TypeD)
Two companies proposed to discuss priority rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states. 
Round-1
Proposal #3-10:
· When a CORESET is activated with two TCI states, study new rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD

Companies to provide their views on the proposal above.
	Company
	Comment

	DOCOMO
	Support. 
In Rel-15/16, if PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs have different QCL-TypeD, UE monitors PDCCH only in a CORESET having the same QCL-TypeD as the CORESET determined from the priority rule that CSS has higher priority than USS and SS set with lower index has higher priority. If a CORESET can be activated with two TCI states, the rule for PDCCH monitoring in multiple CORESETs with different QCL-TypeD needs to be studied. For example, if Rel-16 priority rule is reused, if the CORESET determined from the priority rule is activated with one TCI state, it need to be studied whether another CORESET activated with two TCI states in overlapping monitoring occasion can be monitored.

	ZTE
	Support. The same view as DOCOMO

	Spreadtrum
	Support

	Samsung
	Support the proposal. Priority rule would be enhanced to monitor CORESET with two TCI states.

	Apple
	Discsuss later

	CATT
	Support

	Lenovo/MotM
	Support

	APT/FGI
	Support 

	LG
	Support 

	Futurewei
	Ok to study

	NEC
	Support.



Other issues
This section contains other issues the companies want to highlight for discussion regarding support of SFN PDCCH transmission.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.4. Issue #4-1 (Other non-categorized proposals)
The proposals supported by one company are provided below for consideration in the next RAN1 meetings.
· [bookmark: _Toc61905140][bookmark: _Hlk61602375]A new definition on QCL association relationship of one antenna port and one antenna port group
· Support of small delay CDD with a properly adjusted delay offset between TRPs
· Support configuration of combination of SFN and TDM based PDCCH simultaneously
· Introduce new QCL type-E with loose Doppler shift relationship between the target and source RS.
· Study zone-based configuration for TCI/QCL information to mitigate potential high signaling overhead.
· Support variable-rate TRS transmission for HST deployment scenario.
· TCI states configured in non-serving cell(s) with PCI either explicitly configured or implicitly associated
· DMRS adaptation for HST SFN scenario
· UE assisted DMRS adaptation for DL, in which UE provides an indication of the most convenient DMRS configuration
· Study PTRS design in case of SFN transmission scheme
· Dynamic DMRS configuration signaling to enable DMRS adaptation
· New SRS pattern for UL Doppler estimation purpose
· SRS allocation for Doppler measurements multiplexing with any UL or DL channel for the addressed UE
· Support transmitting DMRS REs for one antenna port in FDM fashion from both TRPs 
· Study TA issue in HST scenario
· Support one joint TCI state in DCI to trigger SP/AP-TRS in DL which is automatically followed by SP/AP-SRS in UL. 
· Support configuration/activation of one or two TCI States for different search spaces in a CORESET for PDCCH SFN transmission.
3. Other issues
This section contains other issues the companies want to highlight.
	Company
	Comment
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Appendix (Summary of the agreements)
The agreements made in RAN1#102e, RAN1#103e and RAN1#104e meetings are provided below. 
RAN1#102-e meeting agreements
	Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner

Agreement
Study the following aspects of the enhanced transmission schemes:
· For scheme 1: 
· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH
· [bookmark: _Hlk54616834]Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded
· For scheme 2:
· Association of each MIMO layer of PDSCH to DM-RS antenna ports
· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
Note: Other schemes/aspects are not precluded



	Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signalling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
Note: Other aspects/schemes are not precluded



RAN1#103-e meeting
	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

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



	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Where the Alt 1-1 is agreed as:
[bookmark: _Hlk62178828]Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.



RAN1#104-e meeting
	Agreement
Scheme 1 is supported in Rel-17 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
 
Agreement
Two TCI states are supported for scheme 1 in FR2

Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.

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.
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