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1. Introduction

In this contribution, we discuss remaining issues about beam management. The provided issues are related to beam indication after reconfiguration, beam indication considering cross carrier scheduling, and beam indication upon SCell activation. 
2. Remaining issues on beam indication
2.1 Default TCI state for PDCCH

Between reconfiguration and subsequent activation

In NR, beam indication for monitoring and receiving PDCCH is based on the TCI state indicated in the CORESET configuration. Furthermore, there is possibly more than one TCI state configured in the CORESET configuration. In this case, a subsequent MAC-CE is used to activate one of the TCI state for CORESET monitoring. However, between RRC configuration of TCI-StatesPDCCH and MAC-CE activation, UE may not know how to receive a CORESET. Hence, a default TCI state to address this issue is needed. 
Currently, the default TCI state (or beam) specified in TS 38.213 [1] is only for between the initial configuration of TCI-StatesPDCCH and MAC-CE activation. However, the default TCI state between the reconfiguration of TCI-StatesPDCCH and subsequent MAC-CE activation is still unclear now. Hence, there is still an ambiguity period between the reconfiguration of TCI-StatesPDCCH and subsequent MAC-CE activation. 
Although this issue has been discussed in last meeting, no clear decision was made. If no default beam or precise UE behaviour is specified, UE may have ambiguity on how to monitor a CORESET and which TCI state to use. From our side, the UE behaviour during this ambiguity period should be further discussed and specified clearly in TS 38.213. 
When determining the TCI state for monitoring the CORESET during the ambiguity period, two cases are necessary to be considered: 

· Case 1: the latest activated TCI state for the CORESET is not removed out of TCI-StatesPDCCH by reconfiguration, 

· Case 2: the latest activated TCI state for the CORESET is removed out of TCI-StatesPDCCH by reconfiguration.
For Case 1, a natural way is that UE assumes that the CORESET is monitored via the latest activated TCI state for the CORESET until the UE receives the subsequent MAC-CE activation command. 
Nonetheless, for Case 2, since the latest activated TCI state for the CORESET has been removed out of TCI-StatesPDCCH by reconfiguration, it is inappropriate to monitor the CORESET via the latest activated TCI state. For Case 2, UE can monitor the CORESET via the TCI state with the lowest TCI state ID among the reconfigured TCI-StatesPDCCH during the ambiguity period. 
Hence, we have the following proposal: 
Proposal 1: Between reconfiguration of TCI-StatesPDCCH and subsequent MAC-CE activation, 
- if the latest activated TCI state for the CORESET is not removed out of TCI-StatesPDCCH by reconfiguration, UE assumes that the CORESET is monitored via the latest activated TCI state; 

- otherwise,  UE assumes that the CORESET is monitored via the TCI state with the lowest TCI state ID among the reconfigured TCI-StatesPDCCH.
The text proposal corresponding to Proposal 1 is provided below. 

	Text proposal for TS 38.213 Section 10.1 (corresponding to Proposal 1)

< Unchanged parts are omitted >

If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 
If a UE has received reconfiguration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with one or more DL RS configured by 

· the latest activated TCI state for PDCCH reception if the latest activated TCI state is provided by reconfigured TCI-StatesPDCCH; 
· otherwise, the TCI state with the lowest TCI state ID provided by reconfigured TCI-StatesPDCCH.


2.2 Default TCI state for PDSCH
DL BWP change

Upon UE receives a DCI indicating active DL BWP change, UE switches current active BWP (old BWP) to the BWP indicated by the DCI (new BWP). Also, the BWP-switching DCI schedules a corresponding PDSCH, which is supposed to be received by UE in new BWP. If TCI field is present in the DCI, UE should use a TCI state indicated by the DCI to receive corresponding PDSCH; if TCI field is not present in the DCI, UE instead use the TCI state applied for receiving PDCCH. Here comes a problem: which BWP for UE to refer to (e.g. new BWP or old BWP) when interpreting a TCI state for receiving corresponding PDSCH. 

Since corresponding PDSCH is transmitted in new BWP, it’s reasonable to derive QCL information from RS in new BWP for receiving PDSCH in new BWP. In BWP-switching case, QCL information from RS in old BWP may not be helpful for receiving PDSCH in new BWP. We further analyse the problem as cases below. 

Case i: TCI field is present in the DCI: 

· UE uses a TCI state mapped to the indicated codepoint in the DCI, where the TCI state is activated for receiving PDSCH in new BWP

Case ii: TCI field is not present in the DCI: 

· UE uses a TCI state for receiving one of CORESETs in new BWP, e.g. the CORESET with the lowest CORESET-ID in the latest slot in which one or more CORESETs within new BWP. 
A general solution is that the UE uses a TCI state for receiving DL channel in new BWP to receive corresponding PDSCH. 

Proposal 2: If UE receives a DCI indicating DL active BWP change, UE shall receive corresponding PDSCH via a TCI state activated for receiving DL channel in the indicated BWP.
Between reconfiguration and subsequent activation

Beam indication for PDSCH relies on TCI state(s) configured in PDSCH-config. After the configuration for TCI states, a subsequent MAC-CE is used to activate a subset of TCI states to be indicated in DL DCL. Similarly, a default TCI state for PDSCH between RRC configuration and MAC-CE activation is needed. The default TCI state (or beam) between the initial configuration of TCI states and MAC-CE activation is already determined and captured in TS 38.214 [2]. 
However, the default TCI state between the reconfiguration of TCI states for PDSCH and subsequent MAC-CE activation is needed to be discussed and specified. Otherwise, the UE is not sure what each codepoint in TCI field in a received scheduling DL DCI stands for. Generally speaking, the UE does not know how to receive the PDSCH between reconfiguration of TCI states for PDSCH and MAC-CE activation. 

When determining the default TCI state for receiving PDSCH between the reconfiguration of TCI states for PDSCH and subsequent MAC-CE activation, two cases are needed to be considered: 

-
Case A: any of TCI state among the latest activated subset of TCI states for mapping to TCI field in DL DCL is not removed out of TCI states by reconfiguration, 

-
Case B: one of TCI state among the latest activated subset of TCI states for mapping to TCI field in DL DCL is removed out of TCI states by reconfiguration. 
For Case A, when UE receives the scheduling DL DCI, codepoints in TCI field can be mapped to the latest activated subset of TCI states for PDSCH. For Case B, since one of TCI state among the latest activated subset of TCI states for PDSCH is removed out of TCI states by reconfiguration, UE can assume that PDSCH is received via the same TCI state for receiving the scheduling CORESET. Based on the discussions above, we have the following proposal: 
Proposal 3: Between reconfiguration of TCI states for PDSCH and subsequent MAC-CE activation, 

- if any of TCI state among the latest activated subset of TCI states for PDSCH is not removed out of TCI states by reconfiguration, codepoints in TCI field in scheduling DL DCL can be mapped to the latest activated subset of TCI states for PDSCH; 

- otherwise,  UE assumes that PDSCH is received via the same TCI state for receiving the scheduling CORESET.
The text proposal corresponding to Proposal 2 is provided below. 

	Text proposal for TS 38.214 Section 5.1.5 (corresponding to Proposal 2)

< Unchanged parts are omitted >

After a UE receives [initial] higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable.
After a UE receives higher layer reconfiguration of TCI states and before reception of the activation command, and  
· if any of the TCI states mapped to the codepoints of the DCI field ‘Transmission Configuration Indication’ are not changed, the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location; 

· otherwise, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission.


Cross carrier scheduling

For a case that TCI field is not present in scheduling DL DCI, UE assumes that the TCI state for receiving the scheduled PDSCH is identical to that for receiving the scheduling CORESET. This behaviour is already captured [2]. However, based on current wording in TS 38.214, it is not clear what’s the UE behaviour for the same case considering cross carrier scheduling(CCS). That is, which TCI state for UE to receive a scheduled PDSCH on a serving cell if the scheduling DL DCI is scheduled on another serving cell and does not carry a TCI field.  Applying the same behaviour for CCS is inappropriate since the TCI state for receiving a CORESET in the scheduling serving cell may not be suitable to receive the PDSCH transmitted in the scheduled serving cell. For example, the scheduling serving cell is located in FR1, and the scheduled serving cell is located in FR2. For addressing this issue, the following alternatives are provided. 
Alternative 1: For cross carrier scheduling case, a DL DCI, scheduling a PDSCH of another serving cell, always comprises TCI field. That is, the TCI-PresentInDCI configured in the scheduling CORESET only indicates if TCI field is present in a DL DCI scheduling a PDSCH of the scheduling serving cell. 

Alternative 2: If a serving cell schedules PDCCH of other serving cells, in addition to index of reference signal(s) transmitted in the scheduling serving cell, the TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal(s) transmitted in the scheduled serving cells. 

· Through alternative 2, the UE assumes that the TCI state for the PDSCH in scheduled serving cells is identical to the TCI state applied for the scheduling CORESET in the scheduling serving cell, however, referring to the index of reference signal transmitted in the scheduled serving cells. 
Alternative 3: If TCI field is not present in the scheduling DCL, UE assumes PDSCH in scheduled serving cell is always received via one TCI state in activated subset of TCI state for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field. 
Proposal 4: To solve the issue of TCI field absence for cross carrier scheduling, down-select the following alternatives for determining TCI state for PDSCH: 
· Alternative 1: a DL DCI, scheduling a PDSCH of another cell serving cell, always comprises TCI field. 

· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal(s) transmitted in the scheduled serving cells. 

· Alternative 3: UE assumes PDSCH in scheduled serving cell is always received via one TCI state in activated subset of TCI state for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
If a UE receives a PDSCH with scheduling delay less than the threshold Threshold-Sched-Offset, according to current wording in TS 38.214, the UE assumes that the TCI state for receiving the PDSCH is the same as that for receiving the CORESET with the lowest CORESET ID in the latest slot. However, it is not clear that if this description also applies if the PDSCH is cross scheduled on another serving cell. Since the TCI state for receiving the CORESET with the lowest CORESET ID in a scheduling serving cell may not be suitable for receiving a PDSCH in the scheduled serving cell. For example, the scheduling serving cell is located in FR1, and the scheduled serving cell is located in FR2. Therefore, the following alternatives are provided to handle this issue. 
Alternative 1: If UE receives a PDSCH in scheduled serving cell with scheduling delay less than the threshold Threshold-Sched-Offset, UE assumes the PDSCH is received via one TCI state in activated subset of TCI states for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
Alternative 2: If a serving cell schedules PDCCH of other serving cells, in addition to index of reference signal(s) transmitted in the scheduling serving cell, the TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal transmitted in the scheduled serving cells. 
· Through alternative 2, the UE assumes that the TCI state for the PDSCH in scheduled serving cells is identical to the TCI state applied for the CORESET with the lowest CORESET ID in the latest slot in the scheduling serving cell, however, referring to the index of reference signal transmitted in the scheduled serving cells. 

Proposal 5: If the scheduling DL DCI is scheduled on another serving cell and the scheduling delay is less than the threshold Threshold-Sched-Offset, down-select the following  alternatives for determining TCI state for PDSCH:

· Alternative 1: UE assumes the PDSCH is received via one TCI state in activated subset of TCI states for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal transmitted in the scheduled serving cells.
2.3 TCI state for PDCCH upon SCell activation
To enable reasonable UE battery consumption when CA or DC is configured, an Activation/Deactivation mechanism of SCell is supported [3]. If a UE is configured with one or more SCells, the network may activate or deactivate the configured SCell(s), e.g. by sending an SCell Activation/Deactivation MAC CE. If the UE receives the SCell Activation/Deactivation MAC CE to activate an SCell(s), the UE may need to monitor PDCCH on the activated SCell(s).

However, upon a SCell is activated, it is unclear how UE monitors a CORESET in the SCell before receiving a subsequent MAC CE activation command, i.e. based on which TCI state indicated by TCI-StatesPDCCH, if more than one. The ambiguity period for the UE to monitor CORESET of PDCCH upon SCell activation is illustrated in Figure 1.
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Figure 1: The ambiguity period for the UE to monitor CORESET of PDCCH upon SCell activation
Some potential alternatives for determining a TCI state to monitor CORESET of PDCCH for an SCell upon the SCell is activated are provided below:

Alternative 1: UE uses a default TCI state

·    Currently, discussion on default TCI state is only for the period between initial configuration of TCI-StatesPDCCH and MAC-CE activation command. If this alternative is adopted, which TCI state should be set as default TCI state for this ambiguity period is needed to be clarified, e.g. using the lowest TCI state ID among the configured TCI-StatesPDCCH. Although using a default TCI state may be a simpler way addressed to this issue, the default TCI state may not be feasible every time the SCell is activated due to different channel condition. Furthermore, UE may have ever not received RS associated with the default TCI state before the SCell is activated. How UE receives the default TCI state and the quality may be a concern. 
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Figure 2: UE uses a default TCI state

Alternative 2: UE uses the latest activated TCI state before the SCell is activated
·    Upon the SCell is activated, UE uses the latest activated TCI state before the SCell is activated. For example, the latest activated TCI state was used for monitoring a CORESET when the SCell was activated last time, then the SCell is deactivated. Upon the SCell is activated again, the UE uses the latest activated TCI state to monitor the CORESET until receiving a MAC-CE activation command activating other TCI state. However, this alternative is not feasible if the SCell has not been activated before (i.e. the SCell is activated first time). And the latest activated TCI state may also not feasible every time activating the SCell as concern for Alternative 1, i.e. the channel condition may change.
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Figure 3: UE uses the latest activated TCI state
Alternative 3: UE performs RA procedure on an SCell upon the SCell is activated 
·    Similar to initial access case, the UE could perform RA procedure on the SCell to establish a beam pair link and use the TCI state spatially quasi co-located with the SSB determined in the RA procedure. The RA procedure could be initiated by the UE or triggered by NW. Compared with Alternative 1 and Alternative 2, this alternative can provide an appropriate beam or TCI state for PDCCH reception. But the concern for this alternative is on the SCell(s) which is not supported RACH.
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Figure 4: UE performs RA procedure on an SCell for determining a TCI state
Alternative 4: NW triggers a CSI reporting and/or SRS transmissions for an SCell before the SCell is activated, then the NW transmits a MAC CE to activate one of TCI states before or upon the SCell is activated.

·    If NW is willing to activate an SCell, NW could trigger the UE to perform (aperiodic) CSI reporting and/or SRS transmissions for the SCell before the SCell is activated. Then, before or upon the SCell is activated, NW could transmit a MAC CE to activate one of TCI states in  TCI-StatesPDCCH of a CORESET based on the measurement results. Therefore, the UE could exactly use the activated TCI state to monitor the CORESET upon the SCell is activated. This alternative could provide a precise TCI state for the UE during this ambiguity period. However, according to current MAC spec [3], it is specified that the UE should not perform CSI reporting and SRS transmissions for an SCell when the SCell is deactivated. If this alternative is adopted, RAN1 should send an LS to RAN2 for introducing the corresponding use cases.
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Figure 5: NW triggers a CSI reporting and/or SRS transmissions for an SCell before the SCell is activated, 
then the NW transmits a MAC CE to activate one of TCI states before or upon the SCell is activated
Proposal 6: For determining a TCI state to monitor CORESET of PDCCH for an SCell upon the SCell is activated, it is recommended to discuss and down-select the alternatives provided below:

· Alternative 1: UE uses a default TCI state

· Alternative 2: UE uses the latest activated TCI state used when the SCell was activated last time
· Alternative 3: UE performs RA procedure on an SCell upon the SCell is activated
· Alternative 4: NW triggers a CSI reporting and/or SRS transmissions for an SCell before the SCell is activated, then the NW transmits a MAC CE to activate one of TCI states before or upon the SCell is activated.
3. Conclusion

According to the discussion mentioned above, we have the following proposals. 
Proposal 1: Between reconfiguration of TCI-StatesPDCCH and subsequent MAC-CE activation, 

- if the latest activated TCI state for the CORESET is not removed out of TCI-StatesPDCCH by reconfiguration, UE assumes that the CORESET is monitored via the latest activated TCI state; 

- otherwise,  UE assumes that the CORESET is monitored via the TCI state with the lowest TCI state ID among the reconfigured TCI-StatesPDCCH.
Proposal 2: If UE receives a DCI indicating DL active BWP change, UE shall receive corresponding PDSCH via a TCI state activated for receiving DL channel in the indicated BWP.
Proposal 3: Between reconfiguration of TCI states for PDSCH and subsequent MAC-CE activation, 

- if any of TCI state among the latest activated subset of TCI states for PDSCH is not removed out of TCI states by reconfiguration, codepoints in TCI field in scheduling DL DCL can be mapped to the latest activated subset of TCI states for PDSCH; 

- otherwise,  UE assumes that PDSCH is received via the same TCI state for receiving the scheduling CORESET.
Proposal 4: To solve the issue of TCI field absence for cross carrier scheduling, down-select the following alternatives for determining TCI state for PDSCH: 

· Alternative 1: a DL DCI, scheduling a PDSCH of another cell serving cell, always comprises TCI field. 

· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal(s) transmitted in the scheduled serving cells. 

· Alternative 3: UE assumes PDSCH in scheduled serving cell is always received via one TCI state in activated subset of TCI state for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
Proposal 5: If the scheduling DL DCI is scheduled on another serving cell and the scheduling delay is less than the threshold Threshold-Sched-Offset, down-select the following  alternatives for determining TCI state for PDSCH:

· Alternative 1: UE assumes the PDSCH is received via one TCI state in activated subset of TCI states for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal transmitted in the scheduled serving cells.
Proposal 6: For determining a TCI state to monitor CORESET of PDCCH for an SCell upon the SCell is activated, it is recommended to discuss and down-select the alternatives provided below:

· Alternative 1: UE uses a default TCI state

· Alternative 2: UE uses the latest activated TCI state used when the SCell was activated last time
· Alternative 3: UE performs RA procedure on an SCell upon the SCell is activated
· Alternative 4: NW triggers a CSI reporting and/or SRS transmissions for an SCell before the SCell is activated, then the NW transmits a MAC CE to activate one of TCI states before or upon the SCell is activated.  
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