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Introduction
In RAN#86, Rel-17 WID of further enhancements on NR MIMO is approved [1] in which a particular point is for HST-SFN deployment, targeting for both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 
a. 
b. 
c. 
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


After the intensive discussion, both UE based and network based frequency pre-compensation solutions have been agreed. However, there are still many details need to be considered. 
In this contribution, we provide our views on the remaining issues for MTRP HST-SFN enhancements. 
Discussion
2.1  Default spatial for DL transmission
In RAN1 107-e meeting[2], one proposal was agreed as follows:
	Agreement:
When SFN PDSCH and SFN PDCCH are configured by RRC , for PDSCH reception scheduled by DCI formats 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH  
· UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
· If there are two active TCI states for the CORESET , UE applies both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH     
· otherwise, if there is one active TCI state for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
This feature is UE optional capability
· If UE doesn’t support this capability, UE is expected to be configured with TCI state field
· UEs supporting this feature and are not capable of dynamic switching between single TRP and SFN , the CORESET that schedules PDSCH by DCI formats 1_1 and 1_2 (FFS DCI format 1_0) should be activated with two TCI states.
FFS for maintenance: if SFN PDCCH is not configured


Considering in Rel-15/16, due to there is no TCI field in DCI format 1_0, single TRP based PDSCH should be scheduled. In Rel-17, DCI format 1_0 should also be used to schedule single TRP based PDSCH no matter SFN PDSCH is configured or not, i.e. the function of DCI format 1_0 should be the same for Rel-15/16/17. Hence if SFN PDSCH is configured and then it is scheduled by DCI format 1_0, dynamic switching between single TRP and SFN should be supported. From above analysis, we make the following proposal:
Proposal 1: If SFN PDSCH is configured by RRC, for PDSCH scheduled by DCI format 1_0, dynamic switching between single TRP and SFN should be supported.
Consequently, we have the following text proposal.
TP 1: {38.214: 5.1.5 Antenna ports quasi co-location}
	<Unchanged part omitted>
When a UE is configured with both sfnSchemePdcch and sfnSchemePdsch scheduled by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable:
-	if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or QCL assumption(s) whichever is applied for the CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN PDSCH and non-SFN PDSCH scheduled by DCI format 1_1/1_2, the UE should be activated with the CORESET with two TCI states. 
-	else if the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 
<Unchanged part omitted>


When SFN PDCCH is not configured and SFN PDSCH is configured, if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, and if there is no TCI field in the DCI scheduling PDSCH, the TCI states of the scheduling CORESET should be used as the default TCI state of the PDSCH. Considering SFN PDCCH is not configured, only one TCI state is activated of the CORESET, hence the one active TCI state of the CORESET should be used as the default TCI state.
Based on above analysis, we make the following proposal:
Proposal 2: If SFN PDSCH is configured and SFN PDCCH is not configured, for PDSCH reception scheduled by DCI formats 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, UE applies the one active TCI state of the CORESET when receiving the PDSCH.
2.2  [bookmark: OLE_LINK18][bookmark: OLE_LINK15]Default spatial for UL transmission
Based on the following agreement made in RAN1 106-e meeting[3], if spatial relation and PL-RS information are not configured, and default beam is enabled for the PUCCH or PUSCH transmission for single TRP, the spatial relation and PL-RS of PUCCH or PUSCH transmission are associated with the CORESET with the lowest index. 
	Agreement:
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 


The above default spatial relation and PL-RS are only defined in the case of single-TRP PUSCH/PUCCH/SRS transmission scheme. We still need to complete the solution for multi-TRP based PUCCH/PUSCH/SRS transmission.
To achieve beam diversity for PUCCH repetition in MTRP scenarios, the two TCI states of the CORESET with the lowest ID can be used for different PUCCH transmission occasion groups. Then, MTRP transmission can be supported in such case. The mapping between the spatial relations and PUCCH transmission occasions can rely on whether ‘cyclic’ or ‘sequential’ beam mapping is configured by RRC signaling as discussed in section 8.1.2.1.
Based on the above analysis, we make the following proposal:
[bookmark: OLE_LINK1]Proposal 3: When PL-RS and spatial relation information are not configured and default beam is enabled for the PUCCH transmission in FR2, if two TCI states are activated for the CORESET with the lowest ID on the active DL BWP, 
· If MTRP PUCCH repetition is indicated, the two TCI states activated for the CORESET with the lowest ID on the active DL BWP are used to determine the spatial relation and PL-RS of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.	
Likewise, if PUSCH repetition (i.e. repetition type A) is scheduled by DCI format 0_0, the two TCI states of the CORESET with the lowest ID can be used to determine the spatial relation of different PUSCH transmission occasion groups. Then, MTRP PUSCH can be supported in such case. The mapping between the spatial relations and PUSCH transmission occasions can also rely on whether ‘cyclic’ or ‘sequential’ beam mapping is configured by RRC signaling as discussed in section 8.1.2.1.
Based on above analysis, we make the following proposal:
Proposal 4: When the default spatial relation and PL-RS of PUSCH are determined by QCL assumption of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If MTRP PUSCH repetition is indicated/configured, the two TCI states activated for the CORESET with the lowest ID are used as the default spatial relation and PL-RS, and each TCI state is associated to one PUSCH transmission occasion group.
In addition, in Rel-15/16, one SRS resource set is associated with one power control, besides if two SRS resource sets for codebook/non-codebook are configured for Rel-17 MTRP PUSCH transmission as discussed in section 8.1.2.1, individual default spatial relation and PL-RS for two SRS resource sets should be considered, Hence we propose to use both activated TCI states of the CORESET to determine the PL-RS and spatial relation of the two SRS resource sets in such case, where the activated TCI states and the SRS resource sets for codebook are mapped in order. 
From above analysis, we make the following proposal:
[bookmark: OLE_LINK14]Proposal 5: When the default spatial relation and PL-RS of SRS are determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If two SRS resource sets for codebook/non-codebook are configured, the two TCI states activated for the CORESET with the lowest ID are used as the default beam and PL-RS of SRS, and each TCI states is associated to one SRS resource set
For SFN PDCCH transmission is configured, the default spatial relation and PL-RS of single-TRP PUCCH/PUSCH/SRS transmission has been agreed in RAN1#106 e-meeting, but in current specification, the related contents are not captured. Hence, we make the following text proposal:
TP 2: {38.213: 9.2.2 PUCCH Formats for UCI transmission}
	<Unchanged part omitted>
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPL-ForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell, if the CORESET has two activated TCI states, as described in clause 10.1, the UE determines the spatial setting based on the first TCI state. For a PUCCH transmission over multiple slots, a same spatial setting applies to the PUCCH transmission in each of the multiple slots.
<Unchanged part omitted>


2.3  Enhancement on BFR
In RAN#106bis e-meeting[4], one proposal was agreed as follows:
	Agreement:
When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· [bookmark: OLE_LINK2]FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs



For NBI, the candidate of new beams can be configured containing either one individual beam or a beam pair. If UE can identify one new beam pair, it will be very helpful in HST scenario where the beam pair can be used for SFN based transmission.
[bookmark: OLE_LINK21]Proposal 6: For NBI, Alt 4-2 should be additionally supported, i.e. two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.
2.4  Support to activate two TCI states for CORESET0
There is an LS from RAN2 about whether to support activate two TCI states for CORESET0 of SFN-based PDCCH transmission [5]. In general, the CORESET0 acts more important role in communication because the UE gets common PDCCH in CORESET0. Hence we think it should be supported, otherwise the robustness of UE-specific CORESET is higher than CORESET0, which is not in line with Rel-16 related design and also deviates from Rel-17 FeMIMO WID.
In addition, the CSS0 associated with CORESET0 is transmitted in each monitoring occasion of each SSB of Lmax SSBs to cover the cell area. If the UE can receive two SSBs, the UE can monitor two monitoring occasions of the two SSBs to boost the reliability of CSS0. 
Proposal 7: Support of CORESET 0 activated with two TCI states for SFN-based PDCCH transmission.

[bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance HST-SFN deployment scenario. The proposals are given below. 
Proposal 1: If SFN PDSCH is configured by RRC, for PDSCH scheduled by DCI format 1_0, dynamic switching between single TRP and SFN should be supported.
Proposal 2: If SFN PDSCH is configured and SFN PDCCH is not configured, for PDSCH reception scheduled by DCI formats 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, UE applies the one active TCI state of the CORESET when receiving the PDSCH.
Proposal 3: When PL-RS and spatial relation information are not configured and default beam is enabled for the PUCCH transmission in FR2, if two TCI states are activated for the CORESET with the lowest ID on the active DL BWP, 
· If MTRP PUCCH repetition is indicated, the two TCI states activated for the CORESET with the lowest ID on the active DL BWP are used to determine the spatial relation and PL-RS of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.
Proposal 4: When the default spatial relation and PL-RS of PUSCH are determined by QCL assumption of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If MTRP PUSCH repetition is indicated/configured, the two TCI states activated for the CORESET with the lowest ID are used as the default spatial relation and PL-RS, and each TCI state is associated to one PUSCH transmission occasion group.
Proposal 5: When the default spatial relation and PL-RS of SRS are determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If two SRS resource sets for codebook/non-codebook are configured, the two TCI states activated for the CORESET with the lowest ID are used as the default beam and PL-RS of SRS, and each TCI states is associated to one SRS resource set
Proposal 6: For NBI, Alt 4-2 should be additionally supported, i.e. two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.
Proposal 7: Support of CORESET 0 activated with two TCI states for SFN-based PDCCH transmission.
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