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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 to be addressed. 
In this contribution, we provide our views on the open issues for HST-SFN enhancements. 
Discussion
2.1  Activation of two TCI states across multiple CCs
In RAN1#106bis-e meeting, whether to use the legacy Rel-16 RRC parameters or new RRC parameters to define set of the serving cells which can be addressed by single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs has been discussed, and the working assumption [2] is shown as follows.
	Working Assumption:
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.


In Rel-16, for simultaneous TCI state activation, UE is provided by the RRC parameter simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2, and up to two lists of carriers are configured for simultaneous TCI state activation. Basically, the configured CCs in which TCI states can be simultaneously updated for CORESETs with the same ID should share the same RF chain or similar channel conditions for analog beamforming. This is regardless of the number of activated TCI states for each CORESET. Hence, for SFN based PDCCH transmission in CA scenario, we think the two existing parameters simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 can be reused. 
Specifically, the two parameters can be used for both Rel-16 and Rel-17 SFN schemes. For a CORESET activated with two TCI states by a MAC CE, all CORESETs with the same ID in the indicated CC set configured by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 should be updated simultaneously, and all of these CORESETs are transmitted with SFN manner. Likewise, for a CORESET activated with single TCI state by a MAC CE, all CORESETs with the same ID in the indicated CC set configured by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 should be updated simultaneously, and all of these CORESETs are transmitted with sTRP manner. Basically, the procedure is the same as Rel-16. Hence, we propose to confirm the above working assumption. 
Proposal 1: Confirm the working assumption, i.e. reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.
2.2  [bookmark: OLE_LINK15]Default TCI state for DL transmission
	[bookmark: OLE_LINK7][bookmark: OLE_LINK3]Agreement:
When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 



As shown in the above agreement, when SFN PDSCH is not configured, the default TCI state has been discussed, but there are still several remaining issues should be decided.
[bookmark: OLE_LINK8]Considering enableTwoDefaultTCIStates can be configured for either Rel-17 SFN PDSCH or Rel-16 MTRP schemes based PDSCH, and the SFN based PDSCH(scheme-1 or pre-compensation) and the enableTwoDefaultTCIStates are configured by RRC separately, hence, in the case when SFN PDSCH is not configured and SFN PDCCH is configured, we think RRC parameter enableTwoDefaultTCIStates should not be configured as PDSCH can only be STRP scheme.
Proposal 2: In the case when SFN PDSCH is not configured and SFN PDCCH is configured, enableTwoDefaultTCIStates should not be configured.
In FR2, the center carrier frequency would be higher, Doppler impact will be more serious because of the high speed. We believe network based frequency pre-compensation solution is useful as similar as in FR1. From specification perspective, the previous agreements for scheme-1 and pre-compensation can be used for both FR1 and FR2, and no more extra specification effort is needed  for FR2. Hence there is no need to explicitly restrict this feature in FR2. 
Proposal 3: Pre-compensation should be supported for FR2.
2.3  [bookmark: OLE_LINK18]Default spatial for UL transmission
Based on the following agreement made in RAN1 106-e meeting, 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:
Proposal 4: When PL-RS and spatial relation information are not configured and default beam is enabled for the PUCCH transmission, if two TCI states are activated for the CORESET with the lowest ID on the active DL BWP, 
· If PUCCH repetition is configured, 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 5: 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 PUSCH repetition is 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, 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, where separate power controls for two SRS resource sets have been agreed, 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 6: 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
2.4  Enhancement on BFR
In RAN#106bis e-meeting, two proposals were agreed as follows:
	Agreement:
When CORESET is indicated with two TCI states
· One BFD RS pair for SFN CORESET is counted as two BFD RSs
· FFS: Increase the maximum number of monitored BFD RSs to X.
· X is UE capability
· X = 2, 3, 4, FFS other values of X
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



Before determining the value of X, one important issue is to define the BLER for the SFN based PDCCH. If two TCI states are activated for the CORESETs, two RS associated with the two TCI states are used for BFD. That is, the two RS can be used jointly used to determine whether beam failure happens or not. Hence, a new BLER should be calculated based on the two TCI states of the CORESET, and then the combined BLER can well match the actual PDCCH transmission status. 
Likewise, for explicit configuration, one CSI-RS resource pair or SSB pair can be configured as BFD RS to well reflect channel condition of the SFN mannered PDCCH transmission.
So, from the above analysis, we make the following proposal.
Proposal 7: For BFD
· [bookmark: OLE_LINK1]For explicit configuration, support defining CSI-RS resource or SSB pairs
· For implicit configuration, UE calculates single hypothetical BLER for each CORESET.
Similarly 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 8: 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.
2.5  Overlapping PDCCH occasions
In RAN1#106bis-e meeting, one issue is listed in the feature lead summary [3]as follows:
	Issue #4-9:
When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule 
· Down-select one alternative 
· Alt 1: Search Space (SS) type > serving cell index > SS set ID
· Alt 2: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified by the first TCI of a CORESET with the second highest priority 
· Alt 3: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and
· In case of multiple such CORESETs, Rel. 15 priority order is used for the second QCL-TypeD determination.
· Alt 4: the number of TCI states for CORESET > SS type > serving cell index > SS set ID 
· Alt 5: SS type > the number of TCI states for CORESET > serving cell index > SS set ID
· If prioritized CORESET has one TCI state, all CORESETs associated with at least the one active TCI state are also monitored.
· Note: SS type with CSS has higher priority than SS type with USS, SS set with lower index has higher priority than SS set with higher index, serving cell with lower index has higher priority than serving cell index with higher index, two TCI states for CORESET has higher priority than one TCI state
· PDCCH candidates in CORESET(s) that have one or two QCL-TypeD properties wherein at least one of them is different from two QCL-TypeD properties determined form prioritization rule above are not monitored by the UE.



In our view, the Rel-15 prioritization rule (CSS in lowest CC with highest priority, etc.) can be reused at least for choosing the first TCI state containing QCL-TypeD. 
For SFN based PDCCH, two TCI states can be activated for one CORESET, it means the CORESET having highest priority identified by Rel-15 rule may be activated with two TCI states containing QCL-TypeD. Hence, the two TCI states with QCL-TypeD are identified for overlapping monitoring occasions. In such case, the UE will monitor PDCCH in a CORESET based on the identified QCL-TypeD if QCL-TypeD of the CORESET is same as the identified QCL-TypeD.
If only one TCI state with QCL-TypeD is activated for the CORESET having the highest priority identified by Rel-15 rule, a straightforward way is that the second TCI state is not determined which is similar as what defined in agenda 8.1.2.1. In such case, only one QCL-TypeD is identified as Rel-15/16. The UE will monitor PDCCH in a CORESET if QCL-TypeD of the CORESET is same as the identified QCL-TypeD.
Based on above analysis, we make the following proposal.
[bookmark: OLE_LINK5]Proposal 9: Reuse Rel-15 prioritization to identify one CORESET
· If the CORESET has one TCI state with QCL-typeD, the second QCL-typeD is not identified
· If the CORESET has two TCI states with QCL-typeD, both QCL-typeD are identified.
2.6  SFN transmission of PDCCH associated with CSS
In RAN1#106bis-e meeting, one agreement for CSS associated with SFN CORESET as follows:
	Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1,  both TCI states can be applied for the CSS reception. 


SFN PDCCH was agreed in agenda 8.1.2.1, and it is a parallel solution with PDCCH repetition which has been agreed for CSS type 3. So we think SFN PDCCH should also be applicable for CSS type 3 in high blockage scenarios.
CSS type 0/0A/1/2 are configured for random access or paging or containing system information. One CORESET can be configured with both USS and CSS, and TCI is configured via CORESET basis. If it is not allowed to configure two TCI states for a CORESET associated with CSS type 0/0A/1/2, it is also not allowed to configure SFN PDCCH scheme for USS associated with that CORESET. This will compromise the benefit of the Rel-17 SFN scheme. 
	36.213 section 10.1:
If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in clause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of 
-	a MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the SS/PBCH block, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a contention-free random access procedure
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID.


In addition, based on the current specification as shown in above box, if CSS type 0/0A/2 is configured with search space index 0 which is associated with CORESET 0, the monitoring occasion should be determined by the SSB associated with the indicated TCI state. In Rel-17, if two TCI states are indicated for CORESET 0, we think the monitor occasions of CSS type 0/0A/2 can be determined by two SSB indexes corresponding to the two indicated TCI states of CORESET0 to improve the robustness of CSS type 0/0A/2. That is, UE can monitor CSS type 0/0A/2 in two occasions corresponding to two SSB beams. Otherwise, the robustness of USS has been enhanced by PDCCH repetition or SFN PDCCH scheme with two TCI states, but the robustness of CSS can’t be achieved in the same level. It is unreasonable to have less reliability for CSS compared with USS. For USS associated with CORESET0 activated with two TCI states, SFN PDCCH scheme can still be used. 
If CSS type 0/0A/2 is not configured with search space index 0, it means UE is in RRC_CONNECTED state. Then, SFN PDCCH can work well similarly as USS. It is unnecessary to preclude SFN scheme in such case. 
For CSS type 1, we think the first TCI state can be applied as it may determine the beam of PRACH which can only be single beam transmission at UE transmit side.   
Hence, we support Alt 3 with modification. 
Proposal 10: Support Alt 3 with modification, i.e. if PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states,
· For CSS type 0/0A/2 configured with search space index 0, the monitoring occasions are determined by two SSB indexes associated with the two activated TCI states of the CORESET 0.
· For CSS type 1, the first TCI state is applied
· Otherwise, both TCI states can be applied for the CSS reception, i.e. SFN manner
2.7  SRS enhancements for network based SFN
In RAN1#106bis e-meeting, great progress has been made for network based pre-compensation as shown in the following agreements. In this scheme, gNB has to know the frequency offsets between TRPs before implementing frequency pre-compensation. 
	Agreement:
For Rel-17 TRP-based pre-compensation scheme, indication of carrier frequency for uplink transmission (Doppler frequency reporting) in TRP-based pre-compensation scheme is supported using 
· Option 1 Implicit from RAN1#102-e agreement
· FFS enhancements to SRS (e.g multiple SRS resource in a set) to improve the accuracy of frequency estimation
For Option1, some companies raised concerns that there is no consensus on the benefit and the applicability of this scheme in FDD.
For Option1, some companies raised concerns that there is no benefit in low SNR scenarios.


That is, TRPs can estimate the frequency offset based on SRS and some other signals, e.g. PUSCH DMRS in uplink. Some concerns were raised on estimation accuracy based on SRS because of lower power and small gap among SRS repetition symbols. Fortunately, in Rel-17, enhancements for SRS has been discussed in Agenda 8.1.3, as shown in the following agreements, the enhanced SRS with up to 14 repetition symbols in one resource is very beneficial to address the concerns, considering larger repetition factor can help gNB to estimate more accurate frequency offset because of larger gap between the first and the last symbol in one SRS resource. Further, comb size 8 or partial frequency sounding is also helpful to perform power boosting.
Hence we think there is no need to make additional enhancements for SRS in the SFN scenario.
	Agreement for SRS
For SRS increased repetitions in Rel-17, support the following configurations, and no other values are supported.
· (N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}
· Note: N_symbol SRS symbols are adjacent in a slot.


[bookmark: OLE_LINK6]Proposal 11: For TRP-based pre-compensation, SRS enhancements to improve the accuracy of frequency offset estimation is not supported.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance HST-SFN deployment scenario. The proposals are given below. 
Proposal 1: Confirm the working assumption, i.e. reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.
Proposal 2: In the case when SFN PDSCH is not configured and SFN PDCCH is configured, enableTwoDefaultTCIStates should not be configured.
[bookmark: _GoBack]Proposal 3: Pre-compensation should be supported for FR2.
Proposal 4: When PL-RS and spatial relation information are not configured and default beam is enabled for the PUCCH transmission, if two TCI states are activated for the CORESET with the lowest ID on the active DL BWP, 
· If PUCCH repetition is configured, 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 5: 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 PUSCH repetition is 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 6: 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 7: For BFD
· For explicit configuration, support defining CSI-RS resource or SSB pairs
· For implicit configuration, UE calculates single hypothetical BLER for each CORESET.
Proposal 8: 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.
[bookmark: OLE_LINK4]Proposal 9: Reuse Rel-15 prioritization to identify one CORESET
· If the CORESET has one TCI state with QCL-typeD, the second QCL-typeD is not identified
· If the CORESET has two TCI states with QCL-typeD, both QCL-typeD are identified.
Proposal 10: Support Alt 3 with modification, i.e. if PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states,
· For CSS type 0/0A/2 configured with search space index 0, the monitoring occasions are determined by two SSB indexes associated with the two activated TCI states of the CORESET 0.
· For CSS type 1, the first TCI state is applied
· Otherwise, both TCI states can be applied for the CSS reception, i.e. SFN manner
Proposal 11: For TRP-based pre-compensation, SRS enhancements to improve the accuracy of frequency offset estimation is not supported.
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