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1. Introduction

In this contribution, we discuss remaining issues about beam management and beam failure recovery. The provided issues are related to beam indication after reconfiguration, beam indication considering cross carrier scheduling, and beam indication upon SCell activation. For BFR, some CORESET monitoring behaviour are needed to be clarified. We also discuss BFR in SCell in the contribution. 
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 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.  
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
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 2: 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 higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'.
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 3: 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 4: 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.
3. Remaining issues on beam failure recovery
3.1 BFR procedure considering TA related issues 

Based on current SPEC wording [2], when a UE detects the measurement quality of beam failure detection RS is below a threshold (or specifically, a set q0), the UE would send a beam failure instance (BFI) to higher layer. A BFI counter is maintained in higher layer. When the maximum value of the BFI counter is reached, a beam recovery request procedure via PRACH resource is triggered. After the UE transmits a beam recovery request via PRACH resource, the UE monitors a PDCCH scrambled by C-RNTI as a response from network. 

In NR Rel-15, the content or format of gNB response is not certain. The gNB response may be a downlink assignment or an uplink grant, which is already captured in TS 38.321 [4]. However, when BFR procedure is discussed, the impact from TA value or TA timer is less mentioned. In fact, the content of gNB response is supposed to be taken into account that whether TA timer is expired or not. 

If TA timer is expired, the content of gNB response depends on that either network needs to recover the link and also indicate an updated TA value, or network just need to recover the link, which may have different impact. Hence, the content of gNB response may need to be properly considered when TA timer is expired. We provide related analysis as below. 

TA timer is expired

If a BFR procedure is performed when TA timer is expired, at least two cases are supposed to be considered for determining the content of gNB response: 

Case 1: there is no downlink data or UL data waiting for transmission, 

Case 2: there is downlink data or UL data waiting for transmission. 

If Case 1 occurs, it may not be appropriate to send a PDCCH scheduling DL or UL resource, e.g. downlink assignment, UL grant since no DL/UL data transmission is waiting for performing. In other words, the scheduled resources for the downlink assignment or the uplink grant would be unnecessarily wasted. Furthermore, it is also unnecessary to obtain an updated TA value instantly at this time for both network and UE if no DL/UL data transmission is waiting for performing. For Case 1, the most important thing is to recover a beam pair link. The TA value can be updated when there exists DL/UL data to be transmitted. 

One method to address the issue is that the gNB response can be a downlink assignment or UL grant without scheduling a valid resource. For example, the field value of resource assignment is set as an invalid value. Another method is that the gNB response signal is always an UL grant if TA timer is expired and if there is no DL/UL data waiting for transmission. 

If Case 2 occurs, it should be UE’s decision that performing either a RA procedure for BFR or a RA procedure for UL data arrival is performed, which is captured in TS 38.321 [4]. If UE determines to perform a RA procedure for BFR, the gNB response can be a PDCCH order for the UE to obtain an updated TA value. This method needs another CFRA procedure. Another method is that gNB response can be a downlink assignment scheduling a PDSCH ,which carries a TA command. For example, the PDSCH carries a MAC-CE with a TA command. 

Proposal 5: RAN 1 is supposed to take into account that impact of TA timer expiry on content of gNB response. 

Proposal 6: If BFR procedure is performed when TA timer is expired, the content of gNB response depends on that if there is downlink/uplink data waiting for transmission or not. 
TA timer is not expired

If a BFR procedure is performed when TA timer is not expired, the issue from Case 1 still exists. Since network does not need to transmit data to the UE or the UE does not want to transmit UL data, it may not be appropriate to send a PDCCH scheduling DL or UL resource, e.g. downlink assignment, UL grant. The solutions mentioned above for Case 2 can be applied in this situation, too. 

Proposal 7: If there is no DL/UL data waiting for transmission, the gNB response is a DL assignment or  an UL grant without valid resource assignment. 
2.2 CORESET monitoring during BFR procedure 

In Rel-15, one issue been discussed for several meetings is that if all configured CORESET should be monitored when BFR procedure is performed. Since the CORESET configuration is still valid, if no further specification, UE is supposed to monitor all configured CORESETs during BFR procedure, i.e. CORESETs for normal data reception and BFR CORESET. Based on this situation, UE may still possibly receive a DCI successfully on CORESETs for normal data reception even during a BFR procedure. What’s the UE behaviour on dealing with the received DCI is needed to be considered carefully. 

According to current specification, UE is supposed to monitor gNB response on the dedicated BFR CORESET within the response window after the UE transmits the BFRQ. After the UE receives the gNB response, the UE keeps monitoring the BFR CORESET on the candidate beam until further reconfiguration/indication. If the UE does not receive the gNB response within the response window, UE will wait for next PRACH opportunity for BFR to retransmit BFRQ. However, it is still unclear that the UE monitoring behaviour between the ending time of response window and the starting time of the next PRACH opportunity for BFR. Here are two options for UE’s monitoring: 

Option 1: UE keeps monitoring dedicated CORESET for BFR; 

Option 2: UE stops monitoring dedicated CORESET for BFR.  

From our side, we slightly prefer to support option 1 due to benefits it brought. Given the potential possibility that network has received the BFRQ but UE misses gNB response, keeping monitoring the dedicated CORESET for BFR allowed network the capability of connecting with UE proactively. 
Proposal 8: RAN 1 is supposed to specify the UE monitoring behaviour after the response window ends and before the retransmission of BFRQ starts. 
2.3 BFR procedure in SCell
In RAN1 #92, the following agreement is made [1].  

	Agreement:
In Rel-15, additionally support BFR on SCell

· Number of SCells BFR needs to be supported on is 1

· UE is not mandated to support BFR on SCell 

· Note: There is no additional RAN1 specification impact for BFR on SCell. 


Based on this agreement, in Rel-15, NR supports a BFR procedure on at most one SCell. However, for other SCells, which don’t support BFR, the beam links between UE and network are possibly failed too. Hence, a mechanism to recover these SCells or let network knows the status of link quality are necessary. UE can transmit a beam report with reported RSRP value(s) all set to a special value. In this method, network can realize the beam links between UE and network are failed in SCells without supporting BFR procedure. Upon network knows the beam pair links between UE and network are failed, network can trigger a procedure to find at least a new beam for transmission, such as an aperiodic CSI-RS transmission. 

Proposal 9: For Rel-16, NR supports a mechanism for UE to inform network that beam pair links in a serving cell without supporting BFR are failed. 
4. 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: 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 3: 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 4: 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 5: RAN 1 is supposed to take into account that impact of TA timer expiry on content of gNB response. 

Proposal 6: If BFR procedure is performed when TA timer is expired, the content of gNB response depends on that if there is downlink/uplink data waiting for transmission or not. 
Proposal 7: If there is no DL/UL data waiting for transmission, the gNB response is a DL assignment or  an UL grant without valid resource assignment. 
Proposal 8: RAN 1 is supposed to specify the UE monitoring behaviour after the response window ends and before the retransmission of BFRQ starts. 
Proposal 9: For Rel-16, NR supports a mechanism for UE to inform network that beam pair links in a serving cell without supporting BFR are failed. 
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