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Introduction
In RAN4#94-e-Bis meeting, measurement requirements in NR-U were further discussed with agreements and WF captured in [1]. In this paper, we discuss some of the remaining.
Semi-persistent L1-RSRP reporting delay
Semi-persistent L1-RSRP reporting delay:
· Option 1: Extend the delay, how to extend the delay is FFS.
· Option 2: Semi-persistent L1-RSRP reporting delay in NR-U reuses the Rel-15 reporting delay.


For semi-persistent reporting, UE is configured with periodicity and slot offset. Thus, it is already allocated with m ore opportunities for transmission of report. In scenarios when UE is configured to send the semi-persistent report via PUSCH, and in the event of UL CCA failure in one occasion, report transmission is treated as NACK by gNB and HARQ retransmission is scheduled as any other PUSCH transmission. If semi-persistent reporting is scheduled to be carried over PUCCH, UE can send the same measurement in the next occasion if the measurement has not been refreshed. Otherwise, it will send the new measurement. If the most recent measurement is important to NW, as proponent of option 2 suggests, then UL resources for reporting should be granted as needed. Moreover, we fail to distinguish this case from the scenario when UE does not have any measurement in its buffer. The NW operation and planning should not be based on the assumption that UE already has a recent measurement since this is not the worst case. In our view, this should be similar to unsuccessful transmission of a measurement report due to bad channel conditions in legacy NR and no further UE specification is needed to account for UL LBT failure.
Proposal 1. Semi-persistent L1-RSRP reporting delay in NR-U reuses R15 reporting delay.
CSI reporting
Semi-persistent CSI reporting with PUCCH:
· Option 1: Extend the delay, how to extend the delay is FFS.
· Option 2: Semi-persistent L1-RSRP reporting delay in NR-U reuses the Rel-15 reporting delay.
Detailed UE behavior when receiving the MAC CE deactivation command for semi-persistent CSI reporting, in case of UL LBT failure for sending the ACK:
· Option 1: 	If UE cannot transmit HARQ-ACK on MAC-CE deactivation due to UL CCA failure, UE continues to be in its previous state, i.e., it should measure and report L1-RSRP until it successfully transmits HARQ-ACK
· Option 2: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE deactivation due to the UL LBT failures, UE continues the L1-RSRP measurements but delay the L1-RSRP reporting. If UE does not receive deactivation command during the delay period, UE restarts to transmit L1-RSRP reporting. FFS how to extend the delay.
· Option 3: It is preferred to delay the L1-RSRP reporting when the HARQ feedback cannot be transmitted after receiving the MAC CE deactivation command. A time limit shall be defined when the L1-RSRP reporting is delayed. When exceeding the time limits, UE shall abandon the stored measurement results, where the time limit is FFS. The UE shall also abandon the measurement results when the HARQ feedback is retransmitted for the deactivation command


For semi-persistent CSI reporting with PUCCH, our arguments are the same as L1-RSRP semi-persistent reporting. 
Proposal 2. Semi-persistent CSI reporting delay in NR-U reuses R15 reporting delay.
For UE behavior when MAC-CE deactivation command is received but UE cannot transmit HARQ-ACK, we again believe that UE should continue to be in its old state and behave according to the activated state, i.e., measurement and reporting. The proponent of option 2 believes that as soon as gNB sends the deactivation command, it can release the UL resources allocated to the UE for measurement reporting. However, this is not true. gNB can release the UL resources allocated to UE only after it receives HARQ-ACK from UE. This is no different than gNB failing to receive HARQ-ACK from UE due to poor channel conditions. Option 2 is a new and unnecessary gNB and UE behavior that is in conflict with RAN1 specification. Option 3 is not much different from option 2 and imposes a new behavior in delaying measurement reporting and also specifies requirements on storage of measurement results which are completely under UE implementation purview and does not need to be specified in RAN4.
Proposal 3. Detailed UE behavior when receiving the MAC CE deactivation command for semi-persistent CSI reporting, in case of UL LBT failure for sending the ACK:
· If UE cannot transmit HARQ-ACK on MAC-CE deactivation due to UL CCA failure, UE continues to be in its previous state, i.e., it should measure and report L1-RSRP until it successfully transmits HARQ-ACK
L3 Reporting delay

· Issue 2-8-1: Event Triggered reporting delay 
· Modified Option 1: This measurement reporting delay excludes a delay, which is caused by no UL resources being available for UE to send the measurement report on, and all delays due to UL LBT failures until the successfull transmission of the report.”
· Option 2: For event-triggered measurement reporting, the UE measurement reporting delay is extended due to UL LBT failures until the time point of the successful reporting attempt, according to [TBD RAN2 specification]. No extension for UL channel access category 1

· Issue 2-8-2: Event Triggered periodic and periodic reporting delay
· Candidate Options: 
· Option 1: For event-triggered periodic and periodic reporting delay, the same definition shall be adopted as in Rel-15.	
· Option 2: For event-triggered and event-triggered periodic measurement reporting, the UE measurement reporting delay is extended due to UL LBT failure, until the time point of the successful reporting attempt, according to [TBD RAN2 specification]. No extension for UL channel access category 1
· Option 3: same as option 1 in issue 2-8-1


Event-triggered, periodic, and event-triggered periodic reporting all refer to L3 measurement reporting which are carried over PUSCH. In the event of UL CCA failure, PUSCH transmission is NACK’ed by gNB and retransmissions are attempted as defined by HARQ operation. HARQ retransmission may or may not include enhancements in NR-U as they are optional. Moreover, persistent UL LBT failure detection and recovery mechanism is an optional feature. Our preference for both of the above issues is rely on existing specification as we see it adequate and clear. In this sense, all options above achieve the same goal. We have preference to adopting similar method as in R15 (i.e., modified option 1 in issue 2-8-1 and option 3 in issue 2-8-2). A concern raised in last meeting was about testability of having such requirement (i.e., excluding the delay in unavailability of UL resources or UL access). In our view, the delay due to unavailability of medium can be accurately upper-bounded based on LBT pattern that will be specified and we do not see a concern on the testability. Even if option 2 is adopted, there will be an uncertainty in acquiring the first occasion of the UL medium which essentially has to be upper-bounded based on LBT pattern anyway. So options 1 and 2 are no different in terms of testability. 
Proposal 4. Adopt modified option 1 for event-triggered (periodic) and periodic reporting delay
Assumption of Q in PBCH reading
· Issue 2-5-1: Assumption of Q in PBCH reading
· Option 1: Q can be assumed to be always known to the UE
· Option 2: RAN4 to wait for ASN.1 freeze to decide on whether SSB-PositionQCL-Relationship-r16 can always be assumed known to UE  



In last RAN1 meeting, the following agreement was made:
Agreement
· For RRM measurement configuration from MeasObjectNR and SIB2/SIB4, network always provides a common Q value (ssb-PositionQCL-Common-r16) per frequency to UE. 
· For SCell addition, SCG addition, and reconfiguration with sync, the Q value of the cell to be added is always provided to UE via dedicated RRC signaling, i.e. ssb-PositionQCL-r16 in ServingCellConfigCommon. 
· An LS is to be sent to RAN2 and RAN4 for the above.

Proposal 5. Q can be assumed to be always known to the UE.
UE behavior in exceeding max number of unavailable SMTC occasions during measurement stage
· Issue 2-4-1: UE behaviour in case of successively exceeding the maximum number of DL LBT failure during measurements
· Candidate Options:
· Option 1 (Original): After N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasions, UE may restart from the detection stage again. Value of N can be further discussed in RAN4.
· Option 2 : After N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasions, UE shall stop the measurement attempts on this SSB, where N is TBD. 
· Option 3: The requirements do not apply after N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasion. N is TBD.



Our intention of the original proposal (option 1) was to avoid UE from being stuck in the measurement phase due to continued DL LBT failure. Our understanding is that in such case, UE should forget the detected cell and start the detection stage again. We can agree to option 2 as well which serves the intention of our proposal. 
Proposal 6. Adopt option 2 for UE behavior in case of successively exceeding max number of DL LBT failure during measurements. 
Scheduling availability during measurements
When UE performs intra-frequency measurements in a TDD band, R15 has defined scheduling restrictions on UL transmission due to SS-RSRP, SS-SINR, and SS-RSRQ measurements. These are captured in clause 9.2.5.3.1 of TS 38.133. In NR-U, same restrictions apply for existing measurements as well as new NR-U measurements (RSSI/CO). Restrictions in scheduling availability during existing measurements are discussed here. 
A significant difference in NR-U operation is that UE does not know whether the SSB to be measured is transmitted or not due to CCA uncertainty. Hence, the scheduling restrictions should apply to each SSB that UE is “scheduled” to measure regardless of whether the SSB is transmitted or not. It is not possible for UE to avoid scheduling restriction 1 symbol before the SSB because the outcome of CCA is not yet known. Similarly, UL transmission in 1 symbol after SSB that is not transmitted due to CCA is not possible since the timeline imposed on UE is too tight. Moreover, the channel access failure typically can continue to extend to 1 symbol after SSB rendering UL transmission impossible anyway.
During the email discussion #106 in the last meeting, one company raised the concerns as below:
“What is the impact on channel access category 1? Do we need these scheduling restrictions at all, given async networks in NR-U?”
We addressed these concerns during the email discussion and repeat them here again. The operation in unlicensed spectrum is similar to TDD; UE either receives or transmits. The existing requirements in Section 9.2.5.3.1 defines an UL scheduling restriction for SSB symbols to be measured. Even in TDD operation, the symbol boundaries cannot be guaranteed as the phase sync error can be 3us, and due to this reason, 1 symbol before and after are also restricted from being scheduled with UL. So in NR-U sync or async, the same requirement shall also be applied. Also, there is no relationship with channel access category 1. In fact, scheduling restriction should be even more relevant in this category since UE does not even have to do UL LBT before transmission.
The restrictions on scheduling availability are captured in Proposals 7 and 8 with yellow texts highlighting the differences from R15 specification. 
Proposal 7. When the UE performs intra-frequency measurements in unlicensed spectrum, the following restrictions apply due to SS-RSRP or SS-SINR measurement 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols scheduled to be measured, and on 1 data symbol before each consecutive SSB symbols scheduled to be measured and 1 data symbol after each consecutive SSB symbols scheduled to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.

Proposal 8. When the UE performs intra-frequency measurements in unlicensed spectrum, the following restrictions apply due to SS-RSRQ measurement 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols scheduled to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB scheduled to be measured/RSSI symbols and 1 data symbol after each consecutive SSB scheduled to be measured/RSSI symbols within SMTC window duration. If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
Conclusions
Proposal 1. Semi-persistent L1-RSRP reporting delay in NR-U reuses R15 reporting delay.
Proposal 2. Semi-persistent CSI reporting delay in NR-U reuses R15 reporting delay.
Proposal 3. Detailed UE behavior when receiving the MAC CE deactivation command for semi-persistent CSI reporting, in case of UL LBT failure for sending the ACK:
· If UE cannot transmit HARQ-ACK on MAC-CE deactivation due to UL CCA failure, UE continues to be in its previous state, i.e., it should measure and report L1-RSRP until it successfully transmits HARQ-ACK
Proposal 4. Adopt modified option 1 for event-triggered (periodic) and periodic reporting delay
Proposal 5. Q can be assumed to be always known to the UE.
Proposal 6. Adopt option 2 for UE behavior in case of successively exceeding max number of DL LBT failure during measurements. 
Proposal 7. When the UE performs intra-frequency measurements in unlicensed spectrum, the following restrictions apply due to SS-RSRP or SS-SINR measurement 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols scheduled to be measured, and on 1 data symbol before each consecutive SSB symbols scheduled to be measured and 1 data symbol after each consecutive SSB symbols scheduled to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.

Proposal 8. When the UE performs intra-frequency measurements in unlicensed spectrum, the following restrictions apply due to SS-RSRQ measurement 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols scheduled to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB scheduled to be measured/RSSI symbols and 1 data symbol after each consecutive SSB scheduled to be measured/RSSI symbols within SMTC window duration. If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
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