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1. Introduction

In this contribution, we discuss remaining issues about beam management. The provided issues are related to beam indication considering cross carrier scheduling and beam indication after reconfiguration. 
2. Remaining issues on beam indication
2.1 Cross carrier scheduling 

TCI state is not configured for scheduling CORESET
In RAN1 #94 meeting, TCI state of cross-carrier scheduled PDSCH is discussed and agreed as follows. 

	Agreement

When TCIpresentinDCI is enabled, the TCI field in DCI in the scheduling CC points to the activated TCI states in the scheduled CC/BWP


However, this agreement only handles a “normal case”, which means TCI field is present in scheduling DCI, and the scheduling offset is above the threshold. In the following, we discuss how UE receives scheduled PDSCH in another serving cell if TCI field is not in scheduling DCI and another case that if the scheduling delay is above the threshold. 

For single serving cell case, if 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, a general solution should be provided. No matter which one solution or default beam is provided, the applied TCI state should be pointed to activated TCI states for scheduled carrier. Hence, we propose 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. 

The text proposal corresponding to Proposal 3 is provided in a draft CR for TS 38.214, which is attached in the same zipped document as this contribution. 

Proposal 1: To solve the issue of TCI field absence for cross carrier scheduling, adopt the following alternative for determining TCI state for PDSCH: 

· UE assumes PDSCH in scheduled serving cell is 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.
Scheduling offset is below threshold
According to current wording in TS 38.214, if a UE receives a PDSCH with scheduling delay less than the threshold Threshold-Sched-Offset, 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. The wording implies that when UE buffers PDSCH, the beam applied UE is derived via the TCI state receiving the CORESET with the lowest CORESET ID in the latest slot. 

However, it is not clear that whether this description also applies if the PDSCH is cross scheduled on another serving cell and the scheduling delay of the PDSCH is below Threshold-Sched-Offset. This issue has been discussed for previous meetings. Based on our evaluation and the discussion result shown in feature lead summary in last meeting, we list the following alternatives to discuss. 

· Alternative 1: Follow current SPEC behaviour, in respective serving cell, UE buffers PDSCH via the TCI state for receiving the CORESET with the lowest CORESET ID from activated BWP in respective serving cell.
· Alternative 2: UE buffers PDSCH in a scheduled serving cell via  the TCI state from the lowest CORESET-ID from activated BWP of a serving cell with the lowest CC ID on same band.
· Alternative 3: UE buffers PDSCH 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 4: PDSCH with scheduling delay less than Threshold-Sched-Offset is not expected to be cross carrier scheduled in a serving cell without CORESET configuration. 

For Alternative 1, a clear deficit is that there may be some serving cells without configured CORESET configuration. For those serving cells, current SPEC is broken since UE has no idea how to buffer and receive PDSCH with scheduling delay below Threshold-Sched-Offset. Hence, we consider that just following current SPEC behaviour is not feasible. 
For Alternative 2, although this alternative takes into account that QCL assumption may not hold between two serving cells across different frequency band, one hole is still observed and would cause more problem. There is chance that in a frequency band, only one serving cell is configured. At the same time, no CORESET configuration is configured for the serving cell. Under this situation, UE is still confused on how to buffer PDSCH in the serving cell. 
On the other hand, in RAN1 #94 meeting, we have the following agreement. 
	Agreement

When TCIpresentinDCI is enabled, the TCI field in DCI in the scheduling CC points to the activated TCI states in the scheduled CC/BWP


This agreement presents an idea is that, for cross carrier scheduling case, UE should use a TCI state for the scheduled serving cell to receive PDSCH. Following the same logic, when buffering PDSCH in a serving cell, we also need to apply a TCI state used for the serving cell to buffer PDSCH. Based on these two comments, we consider Alternative 2 is not feasible. 
For Alternative 3, it makes sense to us, since the TCI state used to buffer PDSCH in a serving cell is configured or activated for the serving cell. This also follows the same logic as the RAN1 #94 agreement we show above. Hence, we propose for this issue, we can go with Alternative 3. 

For Alternative 4, some scheduling flexibility is sacrificed. However, given allowed time to discuss this issue may not be enough, this alternative is fine from our perspective. 
Based on above evaluation, our most preferable alternative is Alternative 3 and we have the following proposal. The text proposal corresponding to Proposal 2 is provided in a draft CR for TS 38.214, which is attached in the same zipped document as this contribution. 

Proposal 2: If the scheduling DL DCI is scheduled on another serving cell and the scheduling delay is 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.
2.2 Between reconfiguration and subsequent activation
Default TCI state for PDCCH
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 for previous meetings, 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 3: 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.
However, if Case 2 can be avoided by network implementation, it is reasonable that UE assumes a default beam during the ambiguity period is the latest activated TCI state for receiving the CORESET. 

The text proposal corresponding to Proposal 1 is provided in a draft CR for TS 38.213, which is attached in the same zipped document as this contribution. 

Default TCI state for PDSCH
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 4: 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.
However, if Case B can be avoided by network implementation, it is reasonable that TCI field value in a DL DCI mapped to the latest activated subset of TCI states for PDSCH. 

The text proposal corresponding to Proposal 2 is provided in a draft CR for TS 38.214, which is attached in the same zipped document as this contribution. 

3. Conclusion

According to the discussion mentioned above, we have the following proposals. 
Proposal 1: To solve the issue of TCI field absence for cross carrier scheduling, adopt the following alternative for determining TCI state for PDSCH: 

· UE assumes PDSCH in scheduled serving cell is 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 2: If the scheduling DL DCI is scheduled on another serving cell and the scheduling delay is 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.
Proposal 3: 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 4: 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.
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