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Introduction
In this contribution, we discuss a possible case of TCI state known status mismatch at gNB and UE. We also provide our views on how to handle it. 
Discussion
 	TCI state known condition 
As per TS 38.133 [1], the TCI state is known if it has been meeting the following conditions:
· TCI state switch is within [X] ms of last transmission of the resource for beam reporting/ measurement for the target TCI state
· The UE has sent at least 1 measurement report for the target TCI state
· The TCI state shall remain detectable during the TCI state switching period
· SNR of the TCI state is > -3dB
Otherwise, the TCI state is unknown. 
X value can be designed in two methods, a single X value for all UE speed/power class or different X values for different UE speed/power class. Both cases may have their own advantages and disadvantages. 

Suppose if we design multiple X values for different speeds/power class, the value of X used at a UE and the value of X that a gNB would use for a particular UE may be different since the value of X may depend on speed, and UE’s estimated speed at gNB and UE may not be same. Due to this reason, there is a possibility that gNB and UE may use different X values. 

 Problem of TCI state mismatch
Since TCI switch delay depends on TCI state known status, if TCI state known status of UE at UE and TCI state known status of UE at gNB are not same, TCI switch delay used at UE and gNB will be different. This might result in performance degradation or scheduling opportunity loss as shown in figure 1 and figure 2. 

If a single value of [X] is adopted, based on the value of [X] it may be either conservative value for some UE or an aggressive value for some other UE,  which might result in  loss of performance or loss of scheduling opportunity as explained in figure 1 and figure 2. 

As discussed above, TCI state mismatch will occur if: 
· gNB assumption of UE TCI state known status based on [X]ms and
· UE TCI state known status based on [X] ms (TCI known definition of [1]) and UE actual TCI state known status based on beam detection (TCI known definition of [1]) when UE receive TCI switch command are not same.  
Optimal performance can be achieved when  UE TCI state known status assumption at gNB and UE TCI state known status at UE are same. Any TCI state mismatch may lead to sub optimal performance.  
Since the TCI state mismatch may occur in both cases of [X] design, RAN4 should study a solution which can detect TCI state mismatch and adapt quickly. Though solution works well for both [X] design cases, single [X] value is assumed for following discussion and illustration in figures.  
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Figure 1: gNB assumption: UE TCI state known status= TCI state known
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Figure 2: gNB assumption: UE TCI state known status= TCI state unknown
In the next sections, we discuss a solution to handle TCI state known status mismatch. Solution uses classification of CSI report as Valid CSI report and Invalid CSI report and further uses the different CSI report type to detect TCI state known status mismatch at gNB and UE. Solution details are explained in following sections.   
 Valid CSI report and Invalid CSI report classification
Invalid CSI report may be any value which is not used in the normal CSI reporting (i.e. RSRP_16 to RSRP_113 of Table 10.1.6.1-1 of TS 38.133 [1]). RSRP_0 to RSRP_15 and RSRP_114 to RSRP_126 In table 10.1.6.1-1 of TS 38.133, are not used for L1-RSRP reporting, as the reporting range of L1-RSRP is [-140 to -44] dBm. In the table 10.1.6.1-1 of TS 38.133, these values (RSRP_0 to RSRP_15 and RSRP_114 to RSRP_126) are indicated as “Not valid”.  For example, UE can use any of the “Not valid” values to indicate Invalid CSI report and values from RSRP_16 to RSRP_113 to indicate Valid CSI report. 
Proposal 1: CSI report should be classified into Valid CSI report and Invalid CSI report  
Handling of TCI state known status mismatch  
In this section, we discuss a method for handling TCI state known status mismatch based on the CSI report classification as described in previous section. The procedure can be summarised as UE sending an appropriate type of CSI report on the next available CSI reporting instance based on following conditions. 
If beam report was sent less than [X] ms ago
If the beam report based on which the gNB initiates TCI state switch procedure was received from UE less than [X] ms ago, then gNB
· Attributes TCI state known status of UE as TCI state known 
· Attributes TCI state switch delay as TCI state switch delay (known) (as per TS 38.133) 
· Sends TCI state switch command to UE.

If UE can detect and measure the beam when it receives TCI switching command: 
When a TCI switching command is received at a UE, if the UE can detect and measure the beam, then the beam is considered as known. In this case, the UE should send a valid CSI report in the next available CSI reporting instance, which will indicate to the gNB that beam is known at UE. Since gNB received last beam report less than [X] ms ago, and gNB assumption is also same, it will continue with TCI state switch delay (known) as defined in TS 38.133.
If UE cannot detect and measure the beam when it receives TCI switching command: 
When a TCI switching command is received at a UE, if the UE can’t detect and measure the beam, then the beam is considered as unknown to UE. In this case, the UE should send an invalid CSI report, which will indicate to the gNB that the beam is no longer known at UE. Upon sending invalid CSI report, UE shall adjust TCI state switch delay to TCI state switch delay (unknown). Further upon reception of invalid CSI report, gNB shall adjust TCI switch delay of the respective UE to TCI state switch delay (unknown) as defined in TS 38.133.   

 If beam report was sent more than [X] ms ago
If the beam report based on which the gNB initiates TCI state switch procedure was received from UE more than [X] ms ago, then gNB
· Attributes TCI state known status of UE as TCI state unknown 
· Attributes TCI state switch delay as TCI state switch delay (unknown) (as per TS 38.133) 
· Sends TCI state switch command to UE

If UE cannot detect and measure the beam when it receives TCI switching command: When TCI switch command is received at a UE, if the UE can’t detect and measure the beam, then the beam is considered as unknown at UE. In this case, the UE should send an invalid CSI report, which will indicate gNB that the beam is unknown at UE. Since gNB assumption is also same, it shall wait for TCI state switch delay (unknown) time as defined in TS 38.133. UE shall continue sending invalid CSI report till the time it acquires TCI state. Upon TCI state acquisition, the UE should send valid CSI report. Valid CSI report from a UE can act as feedback for completion of TCI state acquisition at the UE.   
If UE can detect and measure the beam when it receives TCI switching command: When TCI switching command is received at a UE, if the UE can detect and measure the beam, the beam is considered known to UE. In this case, the UE should send a valid CSI report, which will indicate to the gNB that the beam is known to the UE. Since gNB assumption is beam is unknown at UE, gNB shall adjust TCI state switch delay of UE to TCI state switch delay (known) as defined in TS 38.133. Upon sending valid CSI report, UE also shall adjust TCI switch delay to TCI state switch delay (known) as defined in TS 38.133. 
Proposal 2: Use classification of CSI report to handle TCI state mismatch and implicitly adjust TCI state switch delay at UE and gNB
Proposal 3: When UE receive TCI switch command
· If beam report is sent less than [X] ms ago 
· [bookmark: _GoBack]If UE can detect and measure TCI state, UE shall send valid CSI report. UE shall follow TCI state switch delay (known)
· If UE cannot detect and measure TCI state,  UE shall send invalid CSI report and adjust TCI state switch delay to TCI state switch delay (unknown)
· If beam report is sent more than [X] ms ago 
· If UE can detect and measure TCI state, UE shall send valid CSI report and adjust TCI state switch delay to TCI state switch delay (known) 
· If UE cannot detect and measure TCI state, UE shall send invalid CSI report. UE shall follow TCI state switch delay (unknown) 


Summary
In this contribution we discussed methods for introducing CSI report classification into valid CSI report and invalid CSI report. This enables UE to send valuable information to gNB without any additional signalling. gNB can effectively use this information to handle TCI state mismatch at gNB and UE, thereby adjusting TCI switch delay implicitly at both gNB and UE (without any additional signalling). By adjusting TCI state switch delay, UE and gNB can achieve optimal TCI state switching delay there by optimal performance during TCI state switching.


Conclusion
In this contribution we have discussed the problem of TCI state known status mismatch at UE and gNB and made the following proposals:
 Proposal 1: CSI report should be classified into Valid CSI report and Invalid CSI report  
Proposal 2: Use classification of CSI report to handle TCI state mismatch and implicitly adjust TCI state switch delay at UE and gNB

Proposal 3: When UE receive TCI switch command,
· If beam report is sent less than [X] ms ago 
· And if UE can detect and measure TCI state, UE shall send valid CSI report. UE shall follow TCI state switch delay (known) 
· And if UE cannot detect and measure TCI state,  UE shall send invalid CSI report and adjust TCI state switch delay to TCI state switch delay (unknown)
· If beam report is sent more than [X] ms ago 
· And if UE can detect and measure TCI state, UE shall send valid CSI report and adjust TCI state switch delay to TCI state switch delay (known) 
· And if UE cannot detect and measure TCI state, UE shall send invalid CSI report. UE shall follow TCI state switch delay (known)
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