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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  QCL assumption for PDSCH
In RAN1#104bis e-meeting and RAN1#105 e-meeting, great progress has been made for network based pre-compensation as shown in the following agreements. However, there are several open issues for the network based solution (frequency offset pre-compensation), including whether to support Variant B as one of the QCL assumption for network based solution, and whether to support explicit report of carrier frequency from UE as we analyze in the remaining subsections.
	Agreement#1:
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.

Working Assumption#1:
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Additional support of Variant B

Agreement#2:
· For TRP-based pre-compensation QCL assumptions is provided to the UE by using the existing QCL type(s) with certain QCL parameters dropped from the indicted QCL type 
· FFS rule or signalling to determine which TCI state with dropped QCL parameters
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for both PDCCH and PDSCH. 
· FFS whether this restriction is per UE or per CC
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for different CORESETs. 
· FFS whether this restriction is per UE or per CC


QCL variant for network based SFN
In RAN#104bis-e meeting, there are thorough discussion on the candidates of QCL variants for network based SFN as listed in the above Agreement#1. 
For Variant A, UE estimates the Doppler and delay related parameters {average delay, delay spread, Doppler shift, Doppler spread} from one of two TCI states, and only estimates delay related parameters {average delay, delay spread} from the other TCI state. Based on this solution, SFNed TRS transmission is not needed, so TRS transmission can still be implemented as cell specific to save RS overhead. In RAN#105 e-meeting, as shown in working Assumption#1, Variant A was supported by most companies [2], so the working assumption of support of Variant A should be confirmed. 
For Variant B, compared with Variant A, SFNed TRS is needed. So UE can estimate {Doppler shift, Doppler spread} based on TRS resource set from the TRP0, and estimate {average delay, delay spread } from the SFNed TRS resource set which are transmitted from both TRP0 and TRP1. It can be found that, this solution causes more TRS overhead since UE may need to track three TRS resource sets, i.e. TRS 0, SFNed TRS, and TRS 1 because dynamic switching between single TRP transmission and Rel-17 network based SFN is supported. However, it also makes UE implementation easier since UE does not need to combine two TRS estimations for large scale parameter {average delay, delay spread} compared with Variant A. Further, the SFNed TRS is also beneficial in terms of backward compatibility if SFNed TRS has been implemented in legacy system.
Based on the above analysis, we prefer to additionally support Variant B.
Proposal 1: For TRP based pre-compensation, confirm the working assumption of support of Variant A, and additionally support of Variant B, i.e. one of the TCI state is associated with {average delay, delay spread} and the other TCI state is associated with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
In the above Agreement#2, the existing QCL type can be used for network based SFN, if Variant A is supported, two QCL type A are configured for these two TCI states, and the QCL parameters of {Doppler shift, Doppler spread} should be dropped/ignored from one of TCI state.
In addition, because of high UE speed and mostly LoS link propagation, PDSCH transmission rank is usually limited, e.g. up to rank 2. It is natural to restrict all allocated DMRS ports within one CDM group for SFN based PDSCH transmission. Further, considering the DMRS ports are dynamic indicated by DCI signaling, so which one of the TCI would be assumed with dropping of {Doppler shift, Doppler spread} can be dynamically indicated. In the current specification, up to two DMRS CDM groups are supported, so if only one CDM group is used for SFNed PDSCH, the DMRS CDM group index can be used to indicate which one of the TCI states contains the TCI state with {Doppler shift, Doppler spread} dropped. For example, if the DMRS ports are indicated as CDM group 0, the QCL parameters {Doppler shift, Doppler spread} in the first TCI state (configured with QCL type A) should be dropped/ignored, and if the DMRS ports are indicated as CDM group 1, the QCL parameters {Doppler shift, Doppler spread} in the second TCI state should be dropped/ignored. This solution may have some limitation in the case of MU scheduling. For example, gNB cannot co-schedule two UEs in two different CDM groups if both UEs need to drop {Doppler shift, Doppler spread} in the first TCI. However, gNB can still co-schedule these two UE in a same CDM group. As for HST scenario, the possibility of having a large MU capacity is extremely low, this limitation barely impacts gNB scheduling flexibility or performance.
Proposal 2: For TRP based pre-compensation, DMRS CDM group index can be used to indicate which TCI state contains the dropped/ignored QCL parameters.
· SFNed PDSCH DMRS ports are restricted within one CDM group
Frequency offset acquisition for network based SFN
For network based SFN, gNB has to know the frequency offsets between TRPs before implementing frequency pre-compensation. There are two ways discussed in RAN1#104bis-e meeting as shown in the following agreement. 
	Agreement#3:
Specification-based TRP Doppler pre-compensation scheme is supported in Rel-17 for FR1 with one or both:
· UL RS based Doppler estimation by gNB
· FFS: Details including UL RS enhancement 
· DL RS based Doppler feedback by UE
· FFS: Details
· FFS: Whether UE capability needs to be introduced
· Whether to support one or both will be decided later


In the first way, gNB can estimate frequency offsets between TRPs based UL signal, e.g. SRS, PUSCH DMRS etc. This solution can be supported without specification change. Hence it should be supported as baseline for further enhancement. However, the estimation accuracy may be reduced because of UL power limitation, the restriction of SRS pattern and the bandwidth of PUSCH DMRS, and different frequency ranges of DL and UL for FDD. 
In the second way, UE can estimate the Doppler shift/frequency offsets based on the two TRS resource sets, then UE reports the estimated results to gNB for pre-compensation. More accurate estimation can be achieved by this solution because of the good TRS pattern, power and bandwidth. However, it may need more specification effort. 
[bookmark: OLE_LINK20]In our view, if the second way is supported, the current CSI reporting mechanism should be reused as much as possible to minimize the specification effort. For pre-compensation at TRP side, the Doppler shift/frequency offset can be configured as the reportQuantity and several TRS resource sets can be configured in single CSI reporting configuration. One method is to report the absolute Doppler shift/frequency offset value for simplicity, another method is that one TRS resource set is used as one reference TRS, the Doppler shift/frequency offset estimated from the reference TRS resource set can be treated as a reference value, and the relative value of other Doppler shift/frequency offset values estimated from other TRS resource sets to the reference Doppler shift/frequency offset can be reported to TRP, as shown in Figure 1.
[image: ]
Figured 1 UE reports the relative Doppler shift/frequency offset
Proposal 3: For specification-based TRP Doppler pre-compensation, support at least UL RS Doppler estimation by gNB
· If DL based Doppler feedback by UE is supported, the existed CSI reporting mechanism should be re-used for the Doppler feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported.
QCL-like association between DL and UL RS
For TRP based pre-compensation based on UL RS, several steps are listed as follows:
· 
[bookmark: OLE_LINK8]Step 1: TRS0 is first transmitted from TRP0. Based on estimation of TRS0, UE modulate its center frequency for UL signal transmission, e.g. SRS. Because of Doppler shift between UE and TRP0, the center frequency of SRS transmission will be ;
· 


[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK16]Step 2: TRP0 receives SRS on the center frequency , and TRP1 received SRS on the center frequency ; TRP1 can get the frequency offset  between TRP1 and TRP0;
· Step 3: TRP1 does frequency offset pre-compensation on PDSCH and DMRS so that the frequency offset of PDSCH and DMRS from two TRPs are the same, but TRS1 is still transmitted on fc. Since the transmit center frequency of TRS0 and PDSCH/DMRS are the same, TRS0 can be used for QCL-TypeA estimation including both Doppler parameters and delay parameters. However, TRS1 is used only for delay related estimation. 



[bookmark: OLE_LINK6]In step 2, TRP0 and TRP1 receives SRS with different center frequency. TRP1 estimate the frequency offset by calculating the difference of these two center frequency as, where the parameter  does not  impact the calculation of the frequency offset between the two TRP as UE just needs to transmit SRS to different TRPs on the same center frequency. Network will get the frequency offset, so there is no need to indicate the DL RS for the QCL-like association.
Proposal 4: For pre-compensation based on UL RS, do not support the QCL-like association between the resource(s) received by UE and the transmitted UL signal. 
2.2  [bookmark: OLE_LINK15]Default TCI state for DL transmission
	[bookmark: OLE_LINK7]Agreement#4:
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details
Agreement#5:
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 


In the case when the slot offset between PDCCH and PDSCH/AP CSI-RS is smaller than the threshold, UE will use the default beam for DL receiving, where the default beam of PDSCH/AP CSI-RS may be the same as PDCCH based on Rel-15 and Rel-16 procedure. However, as shown in above Agreement#4 which supports SFN mannered PDCCH with two TCI states, if there is mismatch between the number of indicated TCI states for PDCCH and for PDSCH/AP CSI-RS in Rel-17, the rule of default TCI states defined in Rel-15 and Rel-16 may not be applicable directly. 
2.2.1 For PDSCH
For PDSCH default TCI states, the following cases should be discussed. 
· Case 1: at least one TCI codepoint in MACCE indicates two TCI states and enableTwoDefaultTCI-States is configured
In Rel-16, when the slot offset between PDCCH and PDSCH is smaller than the threshold, if at least one TCI codepoint indicates two TCI states and the higher layer parameter enableTwoDefaultTCI-States is configured, the default TCI states of PDSCH for Rel-16 MTRP should be the TCI states contained in the lowest codepoint among the TCI codepoints containing two different TCI states. The mapping between two default TCI states and PDSCH transmission occasions depends on the specific MTRP schemes, e.g. TDMA, TDMB, etc.
In Rel-17, if SFN based MTRP transmission is used for PDSCH, the two TCI states in the lowest codepoint containing two TCI states can still be used as default TCI states when the slot offset between PDCCH and PDSCH is smaller than the threshold. That is, each DMRS port of PDSCH transmission should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states, i.e. Alt 1 in agreement#5 should be supported. For Alt-2, new rules should be introduced, and the spec impact seems unnecessary compared with Alt-1.
[bookmark: OLE_LINK9]Furthermore, since the dynamic switching between single TRP and SFN based MTRP was agreed in RAN1#105 e-meeting, and if the real PDSCH transmission is single TRP scheduling rather than MTRP, it is better to use the first one of default TCI states for simplicity. 
Proposal 5: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if at least one TCI codepoint in MACCE contains two TCI states and enableTwoDefaultTCI-States is configured
· If SFN based MTRP transmission is used for PDSCH, Alt-1 should be supported, i.e., each DMRS port of PDSCH should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· If single TRP transmission, is used, each DMRS port of PDSCH should be associated with the first one of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· Case 2: enableTwoDefaultTCI-States is not configured
In Rel-16, if enableTwoDefaultTCI-States is configured, the default QCL assumption is associated with the TCI state of the activated codepoint. But if enableTwoDefaultTCI-States is not configured, the default QCL assumption is associated with the TCI state of the CORESET with the lowest index in the latest slot.
However, if two TCI states are activated for this CORESET in Rel-17 SFN based PDCCH, if UE supports the capability with two default TCI states, the QCL assumptions can still be associated with the CORESET with the lowest index in the latest slot following by Rel-15/16 rules no matter one or two TCI states are activated for the CORESET, that is, if two TCI states are activated for this CORESET, the QCL assumptions are associated with the two TCI states of this CORESET, if only one TCI state is activated for this CORESET, the QCL assumption is associated with the TCI state of this CORESET.
If UE is not able to support two default TCI states, the default QCL assumption is associated to the CORESET with the lowest index in the latest slot if this CORESET activated with only one TCI state. If this CORESET is activated with two TCI state, we think the first one of the two TCI states of the CORESET with the lowest index in the latest slot should be used as the default TCI state. 
Proposal 6: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if enableTwoDefaultTCI-States is not configured
· If UE supports the capability with two default TCI states, each DMRS port of PDSCH should be associated with the TCI state(s) of the CORESET with lowest index in the latest slot
· If UE does not support the capability with two default TCI states, each DMRS port of PDSCH should be associated with the first TCI state of this CORESET.
· Case 3: DCI format not having the TCI field present
In Rel-16, if the PDSCH is scheduled by a DCI format 1_1 or 1_2 which has no TCI field present, or scheduled by a DCI format 1_0, the PDSCH should be single TRP scheduling. For determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption of the CORESET used for the scheduling PDCCH transmission. 
In Rel-17, if two TCI states are activated for the scheduling PDCCH using SFN, it is also natural to use the first one of two activated TCI states of the scheduling PDCCH. 
[bookmark: OLE_LINK5]Proposal 7: If PDSCH is scheduled by a SFN mannered PDCCH without TCI field present, the UE assumes that the TCI state of the PDSCH is identical to the first one of two activated TCI states of the PDCCH.
2.2.2 For AP CSI-RS
In Rel-16 for AP CSI-RS transmission, when the slot offset between PDCCH and AP CSI-RS is smaller than the threshold, if UE is not able to support Rel-16 default beam feature, and without RRC parameter enableDefaultTCIStatePerCoresetPoolIndex or enableTwoDefaultTCIStates, the default TCI principle is the same as Rel-15, that is 
· If there is no other signal on the symbol with the AP CSI-RS, the default TCI of the AP CSI-RS is the TCI state used for the CORESET with the lowest index in the latest slot. 
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows the other signal. 
In Rel-17, considering the SFN based PDCCH, two TCI states may be activated by MAC CE for the CORESET with lowest index, so it should be discussed which one of these two TCI states being used as the default TCI state of AP CSI-RS. Naturally, the first one of the two TCI states should be used as the default TCI states when there is no other signal on the same symbol with the AP CSI-RS.
[bookmark: OLE_LINK18]When there are other signals, e.g. SFN based PDSCH, a similar issue appears, and it is natural to use the first TCI state of the other signal as well.
If UE is able to support Rel-16 default beam feature, the Rel-16 principle can be reused where the first one of the two TCI states in the lowest TCI codepoint or the first TCI state of other signal is used as AP CSI-RS default beam. There seems no need to be enhanced. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK17]Proposal 8: When the slot offset between PDCCH and aperiodic CSI-RS is smaller than the threshold, and 
· If UE is not able to support Rel-16 default beam feature, 
· If there is no other signal on the symbol with aperiodic CSI-RS, the first one of the two TCI states of the CORESET with lowest index should be used as the default TCI state of the aperiodic CSI-RS.
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows the first TCI state of the other signal.
· If UE is able to support Rel-16 default beam feature, reuse Rel-16 default beam rules.
2.3  Default spatial for UL transmission
2.3.1 For PUCCH
In Rel-16, the default spatial relation for PUCCH is described in current spec as below [3], That is, if PL-RS and spatial relation information are not configured and default beam is enabled for the PUCCH transmission, and the spatial relation of PUCCH transmission is associated with the CORESET with the lowest index.
	38.213 section 9.2.2
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. For a PUCCH transmission over multiple slots, a same spatial setting applies to the PUCCH transmission in each of the multiple slots.


In Rel-17, if two TCI states are activated for the CORESET with the lowest ID on the active DL BWP of the PCell, the current specification cannot be directly reused to determine the default spatial relation of PUCCH since only one beam can be applied for PUCCH at a time. 
One solution is that gNB ensures only one TCI state is configured for the CORESET with the lowest index. However, it will surely reduce the scheduling flexibility and reduce PDCCH reliability in HST scenarios. So it is better to use one of the two TCI states activated for the CORESET as the default spatial relation for the PUCCH transmission, especially when PUCCH repetition is not configured. For simplicity, the first one of the two TCI states can be used.
To achieve beam diversity for PUCCH repetition, 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 9: 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 not configured, the first one of the two TCI states activated for the CORESET with the lowest ID on the active DL BWP is used to determine the spatial relation of PUCCH transmission.
· 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 of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.	
2.3.2 For PUSCH
[bookmark: OLE_LINK22]In Rel-16, the default spatial relation for PUSCH is described in the current specification as below [4]. As shown in the second and the third paragraph, the spatial relation of PUSCH scheduled by DCI 0_0 may be determined by the QCL assumptions of the CORESET with the lowest ID.  
	[bookmark: _Hlk512252948]38.214 section 6.1 
For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Clause 9.2.1 of [6, TS 38.213]. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPL-ForPUSCH0-0 is set 'enabled', the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPL-ForPUSCH0 is set 'enabled', the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell.


In Rel-17, if two TCI states are activated for this CORESET, one of the TCI states can be naturally used as the default spatial relation of PUSCH transmission especially when PUSCH repetition is not configured. For simplicity, the first one of the two TCI states can be used.
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 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 10: When the default spatial relation of PUSCH is determined by QCL assumption of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If PUSCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default spatial relation.
· 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 each TCI state is associated to one PUSCH transmission occasion group.
2.4  Default PL-RS for UL transmission
2.4.1 For PUCCH
In Rel-16, the default PL-RS for PUCCH is described as below. That is, in the case of PL-RS and PUCCH spatial relation information is not configured for PUCCH, the RS resource configured in the CORESET with the lowest index in the active DL BWP should be used as the default PL-RS of this PUCCH transmission.
	38.213 section 7.2.1
If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForPUCCH, 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] 
	the UE determines a RS resource index  providing a periodic RS resource configured with with qcl-Type set to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell. For a PUCCH transmission over multiple slots, a same  applies to the PUCCH transmission in each of the multiple slots.


In Rel-17, if two TCI states are activated for the CORESET with the lowest index, solutions similar to default spatial relation determination can be used for default PL-RS of PUCCH. 
Proposal 11: When default PL-RS of the PUCCH is determined by the QCL RS of a CORESET with the lowest index, and two TCI states are activated for the CORESET, 
· If PUCCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used to determine the PL-RS of PUCCH transmission.
· If PUCCH repetition is configured, the two TCI states activated for the CORESET with the lowest ID are used to determine the PL-RS of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.
2.4.2 For PUSCH
In Rel-16, the default PL-RS of PUSCH is described as below. 
	38.213 section 7.1.1
-If 
-	the PUSCH transmission is scheduled by DCI format 0_0 on serving cell , 
-	the UE is not provided PUCCH resources for the active UL BWP of serving cell , and
-	the UE is provided enableDefaultBeamPL-ForPUSCH0-0 
[bookmark: _GoBack]the UE determines a RS resource index  providing a periodic RS resource configured with qcl-Type set to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the serving cell 
-If 
-	the PUSCH transmission is scheduled by DCI format 0_0 on serving cell , 
-	the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell [11, TS 38.321], and
-	the UE is provided enableDefaultBeamPL-ForPUSCH0-0 
	the UE determines a RS resource index  providing a periodic RS resource configured with qcl-Type set to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the serving cell 


In Rel-17, if the CORESET is activated with 2 TCI states, the mechanism of default PL-RS for PUSCH can be the same as the default spatial relation of PUSCH.
[bookmark: OLE_LINK19]Proposal 12: When the default PL-RS of PUSCH is determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET ,
· If PUSCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default PL-RS.
· If PUSCH repetition is configured, the two TCI states activated for the CORESET with the lowest ID are used as the default PL-RS, and each TCI states is associated to one PUSCH transmission occasion group.
2.4.3 For SRS
In Rel-16, the default PL-RS for SRS may also rely on the QCL RS of a CORESET as described below.
	38.213 section 7.3.1
-If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS-Id, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForSRS, 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] 

	the UE determines a RS resource index  providing a periodic RS resource configured with qcl-Type set to 'typeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if CORESETs are provided in the active DL BWP of serving cell 
-	the active PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not provided in the active DL BWP of serving cell 


In Rel-17, if two TCI states are activated for the CORESET with lowest index, it is naturally to use the first one of two TCI states to determine the default PL-RS of SRS. 
However, 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. Thus, we propose to use both activated TCI states of the CORESET to determine the PL-RS 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:
Proposal 13: When the default PL-RS of SRS is determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If only one SRS resource set for codebook/non-codebbok is configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default PL-RS of SRS
· If two SRS resource sets for codebook/non-codebook is configured, the two TCI states activated for the CORESET with the lowest ID are used as the default PL-RS of SRS, and each TCI states is associated to one SRS resource set
2.5  Enhancement on BFR
In RAN1#105 e-meeting, one proposal was agreed as follows [5]:
	Proposal #6:
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· Down-select one alternative for implicit configuration
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· Down-select one alternative for explicit configuration
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
· FFS other details
· Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration
· Note: down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3



For implicit BFD configuration, if two TCI states are activated for the CORESETs, whether one or two RS associated with the two TCI states being used for BFD should be decided. From our view, only one TCI state of these CORESETs with two activated TCI states cannot accurately reflect the actual transmission status of SFN mannered PDCCH. Even if the selected TCI state for BFD is detected as beam failure, the other TCI state may still work for the DL transmission. In such case, if the UE still reports beam failure to gNB, that will surly cause more UE complexity and unnecessary UL resource waste.
If a pair of RS is jointly used to determine whether beam failure happens or not, a new BLER should be calculated based on the two TCI states of the CORESET, and the combined BLER can well match the actual PDCCH transmission status. 
So, from the above analysis, we think the above Alt 1-2 and 2-1 are more appropriate.
Proposal 14: For BFD, the above Alt 1-2 and Alt 2-1 should be supported, i.e.
· [bookmark: OLE_LINK1]For implicit configuration, RS of CORESETs with both single and two TCI states are used;
· For explicit configuration, support defining CSI-RS resource or SSB pairs;
· For assumptions for hypothetical BLER calculation for PDCCH, UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs.
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. Otherwise, the individual new beam should be used for single TRP transmission.
[bookmark: OLE_LINK21]Proposal 15: For NBI, support both beam pair and individual beam as the new candidate beam.
Conclusions
[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: For TRP based pre-compensation, confirm the working assumption of support of Variant A, and additionally support of Variant B, i.e. one of the TCI state is associated with {average delay, delay spread} and the other TCI state is associated with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
Proposal 2: For TRP based pre-compensation, DMRS CDM group index can be used to indicate which TCI state contains the dropped/ignored QCL parameters.
· SFNed PDSCH DMRS ports are restricted within one CDM group
Proposal 3: For specification-based TRP Doppler pre-compensation, support at least UL RS Doppler estimation by gNB
· If DL based Doppler feedback by UE is supported, the existed CSI reporting mechanism should be re-used for the Doppler feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported.
Proposal 4: For pre-compensation based on UL RS, do not support the QCL-like association between the resource(s) received by UE and the transmitted UL signal. 
Proposal 5: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if at least one TCI codepoint in MACCE contains two TCI states and enableTwoDefaultTCI-States is configured
· If SFN based MTRP transmission is used for PDSCH, Alt-1 should be supported, i.e., each DMRS port of PDSCH should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· If single TRP transmission, is used, each DMRS port of PDSCH should be associated with the first one of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
Proposal 6: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if enableTwoDefaultTCI-States is not configured
· If UE supports the capability with two default TCI states, each DMRS port of PDSCH should be associated with the TCI state(s) of the CORESET with lowest index in the latest slot
· If UE does not support the capability with two default TCI states, each DMRS port of PDSCH should be associated with the first TCI state of this CORESET.
Proposal 7: If PDSCH is scheduled by a SFN mannered PDCCH without TCI field present, the UE assumes that the TCI state of the PDSCH is identical to the first one of two activated TCI states of the PDCCH.
Proposal 8: When the slot offset between PDCCH and aperiodic CSI-RS is smaller than the threshold, and 
· If UE is not able to support Rel-16 default beam feature, 
· If there is no other signal on the symbol with aperiodic CSI-RS, the first one of the two TCI states of the CORESET with lowest index should be used as the default TCI state of the aperiodic CSI-RS.
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows the first TCI state of the other signal.
· If UE is able to support Rel-16 default beam feature, reuse Rel-16 default beam rules.
Proposal 9: 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 not configured, the first one of the two TCI states activated for the CORESET with the lowest ID on the active DL BWP is used to determine the spatial relation of PUCCH transmission.
· 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 of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.
Proposal 10: When the default spatial relation of PUSCH is determined by QCL assumption of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If PUSCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default spatial relation.
· 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 each TCI state is associated to one PUSCH transmission occasion group.
Proposal 11: When default PL-RS of the PUCCH is determined by the QCL RS of a CORESET with the lowest index, and two TCI states are activated for the CORESET, 
· If PUCCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used to determine the PL-RS of PUCCH transmission.
· If PUCCH repetition is configured, the two TCI states activated for the CORESET with the lowest ID are used to determine the PL-RS of PUCCH transmission occasions, and each TCI state is associated to one PUCCH transmission occasion group.
Proposal 12: When the default PL-RS of PUSCH is determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET ,
· If PUSCH repetition is not configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default PL-RS.
· If PUSCH repetition is configured, the two TCI states activated for the CORESET with the lowest ID are used as the default PL-RS, and each TCI states is associated to one PUSCH transmission occasion group.
Proposal 13: When the default PL-RS of SRS is determined by QCL RS of CORESET with lowest ID, and two TCI states are activated for the CORESET,
· If only one SRS resource set for codebook/non-codebbok is configured, the first one of the two TCI states activated for the CORESET with the lowest ID is used as the default PL-RS of SRS
· If two SRS resource sets for codebook/non-codebook is configured, the two TCI states activated for the CORESET with the lowest ID are used as the default PL-RS of SRS, and each TCI states is associated to one SRS resource set
Proposal 14: For BFD, the above Alt 1-2 and Alt 2-1 should be supported, i.e.
· For implicit configuration, RS of CORESETs with both single and two TCI states are used;
· For explicit configuration, support defining CSI-RS resource or SSB pairs;
· For assumptions for hypothetical BLER calculation for PDCCH, UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs.
Proposal 15: For NBI, support both beam pair and individual beam as the new candidate beam.
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