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Introduction
In this contribution, we discuss the beam-management-related enhancements.
[Issue 1] Unified TCI framework 
2.1 Unified TCI state for CA
Figure 2-1 illustrates Rel.17 feature of CC-specific and CC-common TCI state pool/configuration. For CC-specific TCI state configuration, TCI state pool/list is configured in each BWP/CC. For CC-common TCI state configuration, TCI state pool/list is configured in a reference BWP/CC and TCI state pool/list can be absent in other BWPs/CCs. On target BWP/CC, where TCI state is applied, TCI state information (i.e. QCL-Type A/D RS) can be derived from TCI state in a reference BWP/CC.
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Opt.1) CC-specific TCI state pool/configuration             Opt.2) CC-common TCI state pool/configuration
Figure 2-1. CC-specific and CC-common TCI state pool/configuration.
In TS38.214, CC-common TCI state pool/configuration is specified as following.
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[…]
[bookmark: _Hlk100673399]If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
[…]
[bookmark: _Hlk86865630]When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with DLorJointTCIState is not configured, the UE assumes that QCL-TypeA/D source RS is configured in the CC/DL BWP where TCI state applies.
[…]


However, it is not clear what is “a reference BWP of a reference CC” in the above yellow highlighted text, in terms of the specification (Issue#1). For example, as illustrated in figure 2-2, if Band#1 has CC#1-1, CC#1-2, CC#1-3, CC#1-4, and Band#2 has CC#2-1, CC#2-2, CC#2-3, CC#2-4, and if DLorJointTCIState or UL-TCIState is both configured in a BWP in CC#1-1 and a BWP in CC#2-1, it is not clear which CC is “a reference BWP of a reference CC” for CC#1-2, CC#1-3, CC#1-4, CC#2-2, CC#2-3, and CC#2-4.
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Figure 2-2. Issue#1 of the current specification for CC-common TCI state pool/configuration.
In our understanding, “a reference BWP of a reference CC” is a BWP where DLorJointTCIState or UL-TCIState is configured in the same band as the target BWP/CC. Hence, for CC#1-2, CC#1-3, CC#1-4, “a reference BWP of a reference CC” is CC#1-1, and for CC#2-2, CC#2-3, CC#2-4, “a reference BWP of a reference CC” is CC#2-1. If we don’t clarify this, different UE may assume different BWP/CC as a reference BWP/CC, and CC-common TCI state pool configuration does not work. In RAN1#108-e, following agreement was made and new CC list is introduced for MAC CE/DCI based TCI state ID indication. However, there is no agreement whether the CC list is also applied to indicate list of BWPs/CCs for RRC based CC-common TCI pool configuration. It would be not feasible to introduce another CC list for CC-common TCI pool configuration at this stage, we suggest to agree that “a reference BWP of a reference CC” is a BWP where DLorJointTCIState or UL-TCIState is configured in the same band as the target BWP/CC.
	Agreement
On Rel-17 MAC-CE-based and DCI-based beam indication, regarding the CC list for common TCI state ID update and activation, the maximum number of CC lists can be configured is 4 per cell group
· The maximum number of CC lists for a UE to support is subject to its UE capability



Another issue (Issue#2) is in the blue highlighted text above. It says when bwp-id or cell for QCL-Type A/D RS in a QCL-Info is not configured, QCL-TypeA/D source RS is configured in BWP/CC where TCI state applies. However, it is not clear which RS ID in the target BWP/CC is used for QCL-Type A/D RS in terms of the specification. As illustrated in as figure 2-3 a), when QCL-Type A RS is TRS#1 on target CC, and QCL-Type D RS is CSI-RS#1 on reference BWP/CC (i.e. BWP#1 in CC#1), gNB would configure QCL-Type A/D RS as figure 2-2 b). If bwp-id or cell for QCL-Type A/D RS is absent, the intended behavior is that QCL-Type A/D RS is CSI-RS or SSB, with the resource ID (e.g TRS#1) in the QCL-Info, configured in the CC/DL BWP where TCI state applies.
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a) Example of CC-common QCL-Type D RS.             b) gNB configuration of QCL-Type A/D RS.
Figure 2-3. Example of CC-common TCI state pool/configuration for CC-common QCL-Type D RS.

Proposal 2-1:
· For CC-common TCI state pool/configuration, “a reference BWP of a reference CC” in Sect. 5.1.5 of TS38.214 is a BWP/CC where DLorJointTCIState or UL-TCIState is configured in the same band.
· If bwp-id or cell for QCL-Type A/D RS is absent, QCL-Type A/D RS is CSI-RS or SSB, with the resource ID in the QCL-Info, configured in the CC/DL BWP where TCI state applies.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The reference BWP of a reference CC is a BWP in a CC where DLorJointTCIState or UL-TCIState is configured in the same band. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
[…]
When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with DLorJointTCIState is not configured, the UE assumes that QCL-TypeA/D source RS is CSI-RS or SS/PBCH block, with the resource ID in the QCL-Info, configured in the CC/DL BWP where TCI state applies.
[…]



2.2 [bookmark: _Hlk100735165]MAC CE/DCI based TCI state ID update on multiple CCs
MAC CE/DCI based TCI state ID update on multiple CCs is supported. One MAC CE or DCI format 1_1/1_2 (with/without DL assignment) can indicate TCI state ID, which is applied to multiple BWPs/CCs in a configured CC list. In TS38.214, MAC CE/DCI based TCI state ID update on multiple CCs is specified as following.
	5.1.5	Antenna ports quasi co-location
[…]
When tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, the UE with activated DLorJointTCIState or UL-TCIState  receives DCI format 1_1/1_2 providing indicated DLorJointTCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17, simultaneousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-UpdateList4-r17. The DCI format 1_1/1_2 can be with or without, if applicable, DL assignment. If the DCI format 1_1/1_2/ is without DL assignment, the UE can assume the following:
-	CS-RNTI is used to scramble the CRC for the DCI
-	The values of the following DCI fields are set as follows:
-	RV = all '1's
-	MCS = all '1's
-	NDI = 0
-	Set to all '0's for FDRA Type 0, or all '1's for FDRA Type 1, or all '0's for dynamicSwitch (same as in Table 10.2-4 of [6, TS 38.213]). 
[…]


However, the above specification does not cover the case that MAC CE indicates one active DLorJointTCIState or UL-TCIState as an indicated DLorJointTCIState or UL-TCIState without DCI format 1_1/1_2 (i.e. MAC CE only beam indication).
Proposal 2-2:
· For MAC CE/DCI based TCI state ID update on multiple CCs, MAC CE can indicate one DL/joint or UL TCI state ID on multiple BWPs/CCs without DCI format 1_1/1_2.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
When tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, the UE with activated DLorJointTCIState or UL-TCIState  receives DCI format 1_1/1_2 or an activation command, as described in clause 6.1.3.xx of [10, TS 38.321] providing an indicated DLorJointTCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17, simultaneousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-UpdateList4-r17. The DCI format 1_1/1_2 can be with or without, if applicable, DL assignment. If the DCI format 1_1/1_2/ is without DL assignment, the UE can assume the following:
-	CS-RNTI is used to scramble the CRC for the DCI
-	The values of the following DCI fields are set as follows:
-	RV = all '1's
-	MCS = all '1's
-	NDI = 0
-	Set to all '0's for FDRA Type 0, or all '1's for FDRA Type 1, or all '0's for dynamicSwitch (same as in Table 10.2-4 of [6, TS 38.213]). 
[…]



2.3 UE capability of the number of RRC configured TCI states
In Rel.15, the number of RRC configured TCI states for PDSCH is reported in UE capability signaling. UE can report up to 128 TCI states, and UE is mandated to report at least 64 TCI states in FR2. In FR1, UE is mandated to report the maximum number of allowed SSBs in the band.
	tci-StatePDSCH
Defines support of TCI-States for PDSCH. The capability signalling comprises the following parameters:
-	maxNumberConfiguredTCIstatesPerCC indicates the maximum number of configured TCI-states per CC for PDSCH. For FR2, the UE is mandated to set the value at least to 64 (i.e. value 128 is an optional value). For FR1, the UE is mandated to set these values at least to the maximum number of allowed SSBs in the supported band;
-	maxNumberActiveTCI-PerBWP indicates the maximum number of activated TCI-states per BWP per CC, including control and data. If a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE. The UE shall include this field.
Note the UE is required to track only the active TCI states.

The UE is mandated to report tci-StatePDSCH.
	Band
	Yes
	N/A
	N/A


In order to operate Rel.17 TCI framework with the same number of SSBs in Rel.15, we believe it is essential to have the same mandatory/basic value of the number of configured TCI states in Rel.15. For joint DL/UL TCI state and DL only TCI state, to make system work with 64 SSBs, UE should support 64 TCI states in FR2 and “the maximum number of allowed SSBs in the band” TCI states in FR1. For UL only TCI states, to make system work with 64 SSBs assuming the beam correspondence, UL only TCI states should support at least 64 as the mandatory value in FR2.
Proposal 2-3:
· For the UE capability of the number of configured TCI states per BWP or per CC: 
· In FR2, UE supporting Rel.17 TCI framework shall support at least 64, for joint DL/UL TCI state, DL only TCI state, and UL only TCI state.
· In FR1, UE supporting Rel.17 TCI framework shall support at least “the maximum number of allowed SSBs in the supported band”, for joint DL/UL TCI state, and DL only TCI state.

3 [Issue 2] L1/L2-centric inter-cell mobility 
3.1 QCL source RS of TRS
For the indicated DL/joint TCI state, following QCL source RSs and QCL-Types are supported in Rel.17.
o	Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
o	Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS

In TS38.214, constraints of QCL source RSs and QCL-Types for TRS and CSI-RS for BM are specified as following.
	5.1.5	Antenna ports quasi co-location
[…]
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
[…]
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
[…]


As highlighted in above, current TS38.214 only specifies that CSI-RS for BM can have SSB with PCI different from serving cell PCI as QCL source RS. However, the indicated DL/joint TCI state must have at least QCL-Type A TRS, and TS38.214 should also specify that QCL source RS of the TRS can be SSB with PCI different from serving cell for inter-cell beam indication.

Proposal 3-1:
· Specify QCL source RS of the TRS can be SSB with PCI different from serving cell for inter-cell beam indication in TS38.214.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition. , or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
[…]



3.2 Paging/short message
In RAN1#107 e-meeting, following agreement was made.
	Agreement
With regards to the below question in RAN2 LS, provide the following response.
	If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information from serving cell TRP at the same time?


Answer: No, it is not.
LS is endorsed in R1-2112707.


In the above agreement, “at the same time” is not clear from RAN1 perspective, i.e., it could mean “on the same symbol” or “at the same state of MAC CE activation”. In our understanding, it means “on the same symbol”. Hence, we need to discuss how to handle the case that UE receives signal from non-serving cell and paging/short message on different symbol.
For UE with capable of / activated with one TCI state, it is difficult to receive both paging/short message from serving cell and signal from non-serving cell during a period even on different symbols, because TCI state of serving cell and TCI state of non-serving cell should be different (i.e. total number of active TCI states exceeds the UE capability). However, for UE with capable of / activated with more than one TCI state, it is possible to receive signal from non-serving cell and paging/short message at least on different symbols. If the signal from non-serving cell and paging/short message are received on different symbols, UE can receive both. Meanwhile, if the signal from non-serving cell and paging/short message are received on the same symbol, we should define the prioritization rule, i.e., which one to be received. In our view, paging/short message has higher priority, because short message includes Earthquake and Tsunami Warning System (ETWS), and it has the latency requirement. 
In RAN1#108e, following issue was discussed.
	2.8
	For UE with activated with more than one TCI state, 
1) if the symbols of paging/short message/SI from serving cell are not overlapped with the symbols of DL signals from non-serving cell, UE receives both.

2) if at least one symbol of paging/short message/SI from serving cell is overlapped with the symbol of DL signals from non-serving cell, UE receives paging/short message/SI.
	For 1),
Support/fine: NTT Docomo, CATT, Xiaomi, ZTE, CATT, Ericsson, Nokia/NSB, Samsung, OPPO
Not support: vivo, MTK, Apple, Lenovo.MotM (clarification on UE cap)

For 2),
Support/fine: NTT Docomo, Xiaomi, ZTE, Ericsson, Nokia/NSB, CATT
Not support: vivo, MTK (Rel-15 dropping rule suffices), Qualcomm, Apple, OPPO, Lenovo/MotM (clarification on UE cap)


We see the overlapping case is more controversial, and we suggest focusing on non-overlapped case.

Proposal 3-2:
· For UE with activated with more than one TCI state, 
· 1) if the symbols of paging/short message/SI from serving cell are not overlapped with the symbols of PDCCH/PDSCH/CSI-RS from non-serving cell, UE receives both.
· Adopt the following text proposals for TS38.213 and 38.214.
	10.1  UE procedure for determining physical downlink control channel assignment (TS38.213)
[…]
A UE does not expect to detect, in a same PDCCH monitoring occasion, a DCI format with CRC scrambled by a SI-RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, MCS-RNTI, MCCH-RNTI, G-RNTI, or G-CS-RNTI and a DCI format with CRC scrambled by a SL-RNTI or a SL-CS-RNTI for scheduling respective PDSCH reception and PSSCH transmission on a same serving cell.
For UE with activated [TCI-State] configured with [tci-StateId_r17],
· if UE is activated with one TCI state, and the active TCI state is associated with a PCI different from the PCI of the serving cell, UE is not required to monitor PDCCH CRC scrambled by P-RNTI.
· elseif UE is activated with more than one TCI states, and at least one active TCI state is associated with a PCI different from the PCI of the serving cell, UE monitors both PDCCH CRC scrambled by P-RNTI and PDCCH/PDSCH/CSI-RS with TCI state associated with associated with a PCI different from the PCI of the serving cell on different symbols.
[…]



	5.1	UE procedure for receiving the physical downlink shared channel (TS38.214)
[…]
When receiving PDSCH scheduled with SI-RNTI, P-RNTI, G-RNTI for broadcast or MCCH-RNTI, the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
For UE with activated [TCI-State] configured with [tci-StateId_r17],
· if UE is activated with one TCI state, and the active TCI state is associated with a PCI different from the PCI of the serving cell, UE is not required to receive PDSCH scheduled by DCI with CRC scrambled by P-RNTI.
· elseif UE is activated with more than one TCI states, and at least one active TCI state is associated with a PCI different from the PCI of the serving cell, UE receives both PDSCH scheduled by DCI with CRC scrambled by P-RNTI and PDCCH/PDSCH/CSI-RS with TCI state associated with associated with a PCI different from the PCI of the serving cell on different symbols.
[…]



3.3 Default TCI state for PDSCH 
Following QCL assumption of PDSCH in Rel.17 unified TCI state is agreed:
· For UE dedicated PDSCH, always “indicated TCI state” is applied.
· For non-UE dedicated PDSCH, if followUnifiedTCIstate is configured, “indicated TCI state” is applied (except for inter-cell beam indication); else, configured TCI state is applied.
In RAN1#108e, following issue was discussed.
	2.5
	For inter-cell cases, default beam mechanism should be determined separately.
· For non-UE-dedicated DL channels/RSs, reuse legacy default beam mechanism defined in Rel-15/16 to obtain their QCL assumption respectively;
· For UE-dedicated DL channels/RSs, follow the previous indicated TCI-state-r17;
FL Note: 
ZTE commented: “the question is that UE can NOT realize whether the non-dedicated PDSCH is transmitted when its scheduling offset is less than a threshold!”. 
Nokia commented “it should be clarified that what is QCL assumption for the PDSCH reception in serving cell in the following configuration:
- UE is configured with CORESET B (for CSS only) in serving cell
- UE is configured with CORESET A (for USS) associated with PCI different than PCI of the serving cell”
	Support/fine: vivo, CMCC, Apple

Not support: QC (always use indicated TCI), Samsung, MTK, NTT Docomo, CATT, Intel, Xiaomi, Lenovo/MotM, OPPO, Intel, Ericsson, IDC 

Can discuss QCL assumption: ZTE, Nokia/NSB




The reason why default QCL for PDSCH is specified in Rel.15 is that UE may receive PDSCH before finishing DCI decoding of the scheduling PDCCH, and UE need to buffer received signal with a certain QCL assumption. However, in Rel.17, the indicated TCI state is applied BeamAppTime_r17 symbols after from the last symbol of the HARQ-ACK, which is obviously after DCI decoding for the scheduled PDSCH.
Hence, if followUnifiedTCIstate is configured, there is no need to consider the default QCL assumption. As agreed, QCL assumption of PDSCH is always “indicated TCI state”, regardless of whether PDSCH is UE dedicated or not. If the indicated TCI state is associated with PCI different from serving cell PCI, based on the previous agreement, UE is not required to receive PDSCH scheduled by CORESET with CSS except type 3 CSS (i.e. non-UE dedicated PDSCH).
If followUnifiedTCIstate is not configured, QCL assumption of PDSCH is determined by whether the PDSCH is UE dedicated or not. Before finishing DCI decoding, it is impossible for UE to identify whether the scheduled PDSCH is UE dedicated or not (i.e. the scheduling DCI is received in a CORESET with CSS except type 3 CSS or not), hence, it is necessary to define a certain QCL assumption to receive the PDSCH before finishing the DCI decoding. For the certain QCL assumption, 3 options can be considered. Alt.1 is to reuse Rel.15/16 default QCL assumption for PDSCH. Since non-UE dedicated PDSCH can be shared by Rel.15/16 UEs, it is beneficial to have the same QCL assumption. On the other hand, most of gNB operation in Rel.15/16 is self-slot scheduling (i.e. the scheduling offset < timeDurationForQCL). Hence, this option means that Rel.15/16 default QCL assumption is applied to PDSCH in most of cases, if followUnifiedTCIstate is not configured. Alt.2 is to apply the indicated TCI state to the PDSCH. However, it may be weird to apply the indicated TCI state if followUnifiedTCIstate is not configured. Also, there is an agreement in RAN1#106e that the indicated TCI state associated with PCI different from serving cell PCI cannot be applied to non-UE dedicated PDCCH/PDSCH. Hence, the non-UE dedicated PDSCH shall be scheduled with scheduling offset >= timeDurationForQCL. Alt.3 is to apply the configured TCI state. When the scheduling offset >= timeDurationForQCL, configured TCI state is applied to non-UE dedicated PDSCH, and it is also possible to apply the configured TCI state to PDSCH, when the scheduling offset < timeDurationForQCL. However, the configured TCI state is intended to configure non-UE dedicated PDSCH from serving cell, it is not possible to schedule UE-dedicated PDSCH from non-serving cell in Alt.3, when the scheduling offset < timeDurationForQCL. Considering the pros. and cons. of each option, we believe Alt.1 is the best solution.

Proposal 3-3:
· If followUnifiedTCIstate is configured for PDSCH, the indicated TCI state is always applied to PDSCH.
· If the indicated TCI state is associated with PCI different from serving cell PCI, UE is not required to receive PDSCH scheduled by CORESET with CSS except type 3 CSS (i.e. non-UE dedicated PDSCH).
· If followUnifiedTCIstate is NOT configured for PDSCH, 
· If PDSCH is scheduled with the scheduling offset less than timeDurationForQCL, down-select from the following alternatives (Alt.1 is preferred):
· Alt.1: Rel.15/16 default QCL is applied to PDSCH.
· Alt.2: The indicated TCI state is always applied to PDSCH, and UE is not expected to receive PDSCH scheduled by CORESET with CSS except for type 3 CSS (i.e. non-UE dedicated PDSCH), when the scheduling offset is less than timeDurationForQCL.
· Alt.3: Configured TCI state is always applied to PDSCH.
· If PDSCH is scheduled with the scheduling offset equal or larger than timeDurationForQCL, the indicated TCI state is applied to PDSCH scheduled by CORESET with USS or type 3 CSS (i.e. UE dedicated PDSCH), and the configured TCI state is applied to PDSCH scheduled by CORESET with CSS except for type 3 CSS (i.e. non-UE dedicated PDSCH).

3.4 Rate matching around non-serving cell SSB 
Whether to apply the rate matching between serving cell and non-serving cells is not agreed yet. In our understanding, rate matching of PDSCH/PDCCH around SSB is only needed within the same cell, and there is no need to consider rate matching across cells (e.g., between two cells with different PCI), which would decrease resource efficiency.
Proposal 3-4:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or non-serving cell) is rate-matched around SSB from cell with the same PCI only.

4 [Issue 3] Beam indication DCI
4.1 Beam Application Timing (BAT) from UCI on PUSCH
In TS38.214, BAT is specified as following. 
	5.1.5	Antenna ports quasi co-location
[…]
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
[…]


It is specified that BAT is counted from PUCCH with HARQ-ACK. However, in case that HARQ-ACK is conveyed on PUSCH (i.e. UCI on PUSCH), the current text is not clear whether BAT is counted from the last symbol of the PUSCH.
Proposal 4-1:
· For Beam Application Timing (BAT) of Rel.17 DCI-based the beam indication, BAT is counted from the last symbol of PUSCH with HARQ-ACK, as well as PUCCH with HARQ-ACK.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
[…]



5 Conclusion
In this contribution, we discussed the enhancements on beam management. Based on the discussion, we made the following proposals.
[Issue1]
Proposal 2-1:
· For CC-common TCI state pool/configuration, “a reference BWP of a reference CC” in Sect. 5.1.5 of TS38.214 is a BWP/CC where DLorJointTCIState or UL-TCIState is configured in the same band.
· If bwp-id or cell for QCL-Type A/D RS is absent, QCL-Type A/D RS is CSI-RS or SSB, with the resource ID in the QCL-Info, configured in the CC/DL BWP where TCI state applies.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The reference BWP of a reference CC is a BWP in a CC where DLorJointTCIState or UL-TCIState is configured in the same band. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
[…]
When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with DLorJointTCIState is not configured, the UE assumes that QCL-TypeA/D source RS is CSI-RS or SS/PBCH block, with the resource ID in the QCL-Info, configured in the CC/DL BWP where TCI state applies.
[…]


Proposal 2-2:
· For MAC CE/DCI based TCI state ID update on multiple CCs, MAC CE can indicate one DL/joint or UL TCI state ID on multiple BWPs/CCs without DCI format 1_1/1_2.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
When tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, the UE with activated DLorJointTCIState or UL-TCIState  receives DCI format 1_1/1_2 or an activation command, as described in clause 6.1.3.xx of [10, TS 38.321] providing an indicated DLorJointTCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17, simultaneousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-UpdateList4-r17. The DCI format 1_1/1_2 can be with or without, if applicable, DL assignment. If the DCI format 1_1/1_2/ is without DL assignment, the UE can assume the following:
-	CS-RNTI is used to scramble the CRC for the DCI
-	The values of the following DCI fields are set as follows:
-	RV = all '1's
-	MCS = all '1's
-	NDI = 0
-	Set to all '0's for FDRA Type 0, or all '1's for FDRA Type 1, or all '0's for dynamicSwitch (same as in Table 10.2-4 of [6, TS 38.213]). 
[…]


Proposal 2-3:
· For the UE capability of the number of configured TCI states per BWP or per CC: 
· In FR2, UE supporting Rel.17 TCI framework shall support at least 64, for joint DL/UL TCI state, DL only TCI state, and UL only TCI state.
· In FR1, UE supporting Rel.17 TCI framework shall support at least “the maximum number of allowed SSBs in the supported band”, for joint DL/UL TCI state, and DL only TCI state.
[Issue2]
Proposal 3-1:
· Specify QCL source RS of the TRS can be SSB with PCI different from serving cell for inter-cell beam indication in TS38.214.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition. , or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
[…]


Proposal 3-2:
· For UE with activated with more than one TCI state, 
· 1) if the symbols of paging/short message/SI from serving cell are not overlapped with the symbols of PDCCH/PDSCH/CSI-RS from non-serving cell, UE receives both.
· Adopt the following text proposals for TS38.213 and 38.214.
	10.1  UE procedure for determining physical downlink control channel assignment (TS38.213)
[…]
A UE does not expect to detect, in a same PDCCH monitoring occasion, a DCI format with CRC scrambled by a SI-RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, MCS-RNTI, MCCH-RNTI, G-RNTI, or G-CS-RNTI and a DCI format with CRC scrambled by a SL-RNTI or a SL-CS-RNTI for scheduling respective PDSCH reception and PSSCH transmission on a same serving cell.
For UE with activated [TCI-State] configured with [tci-StateId_r17],
· if UE is activated with one TCI state, and the active TCI state is associated with a PCI different from the PCI of the serving cell, UE is not required to monitor PDCCH CRC scrambled by P-RNTI.
· elseif UE is activated with more than one TCI states, and at least one active TCI state is associated with a PCI different from the PCI of the serving cell, UE monitors both PDCCH CRC scrambled by P-RNTI and PDCCH/PDSCH/CSI-RS with TCI state associated with associated with a PCI different from the PCI of the serving cell on different symbols.
[…]

	5.1	UE procedure for receiving the physical downlink shared channel (TS38.214)
[…]
When receiving PDSCH scheduled with SI-RNTI, P-RNTI, G-RNTI for broadcast or MCCH-RNTI, the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
For UE with activated [TCI-State] configured with [tci-StateId_r17],
· if UE is activated with one TCI state, and the active TCI state is associated with a PCI different from the PCI of the serving cell, UE is not required to receive PDSCH scheduled by DCI with CRC scrambled by P-RNTI.
· elseif UE is activated with more than one TCI states, and at least one active TCI state is associated with a PCI different from the PCI of the serving cell, UE receives both PDSCH scheduled by DCI with CRC scrambled by P-RNTI and PDCCH/PDSCH/CSI-RS with TCI state associated with associated with a PCI different from the PCI of the serving cell on different symbols.
[…]


Proposal 3-3:
· If followUnifiedTCIstate is configured for PDSCH, the indicated TCI state is always applied to PDSCH.
· If the indicated TCI state is associated with PCI different from serving cell PCI, UE is not required to receive PDSCH scheduled by CORESET with CSS except type 3 CSS (i.e. non-UE dedicated PDSCH).
· If followUnifiedTCIstate is NOT configured for PDSCH, 
· If PDSCH is scheduled with the scheduling offset less than timeDurationForQCL, down-select from the following alternatives (Alt.1 is preferred):
· Alt.1: Rel.15/16 default QCL is applied to PDSCH.
· Alt.2: The indicated TCI state is always applied to PDSCH, and UE is not expected to receive PDSCH scheduled by CORESET with CSS except for type 3 CSS (i.e. non-UE dedicated PDSCH), when the scheduling offset is less than timeDurationForQCL.
· Alt.3: Configured TCI state is always applied to PDSCH.
· If PDSCH is scheduled with the scheduling offset equal or larger than timeDurationForQCL, the indicated TCI state is applied to PDSCH scheduled by CORESET with USS or type 3 CSS (i.e. UE dedicated PDSCH), and the configured TCI state is applied to PDSCH scheduled by CORESET with CSS except for type 3 CSS (i.e. non-UE dedicated PDSCH).
Proposal 3-4:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or non-serving cell) is rate-matched around SSB from cell with the same PCI only.
[Issue3]
Proposal 4-1:
· For Beam Application Timing (BAT) of Rel.17 DCI-based the beam indication, BAT is counted from the last symbol of PUSCH with HARQ-ACK, as well as PUCCH with HARQ-ACK.
· Adopt the following text proposal for TS38.214.
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