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Introduction
In RAN4#94-e meeting, measurement requirements in NR-U were further discussed with agreements and WF captured in [1]. In this paper, we discuss the remaining issues as in the following:
· Semi-persistent L1-RSRP reporting delay
· CSI reporting
· L3 Reporting delay 
· Assumption of Q factor for PBCH reading
· Exploiting Q in measurements
· UE behavior upon exceeding max LBT failure for PSS/SSS detection
· Cell identification requirements
· Resuming cell identification after N failed measurement attempts 
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 measurement and delay the L1-RSRP reporting. If UE does not receive deactivation command during the delay period, UE restart to transmit L1-RSRP reporting. FFS how to extend the delay.



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. 
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

Reporting delay for (event-triggered) periodic reporting:
· FFS: Decide the event-triggered periodic and periodic reporting delay:
· Option 1: Adopt the same definition as in Rel-15.
· Option 2: For periodic and event-triggered periodic measurement reporting, the UE measurement reporting delay is extended due to UL LBT failures until the time point of the successful reporting attempt or until the new periodic measurement is available, according to [TBD RAN2 specification]. No extension for UL channel access category 1.
Reporting delay for event triggered reporting:
· For the event-triggered reporting delay:
· Option 1: No need to extend the delay, clarify that the measurement reporting delay excludes a delay which is caused by no UL resources available due to CCA. Wording can be further discussed.
· 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.



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 R15 specification as we see it adequate and clear. 
Proposal 4. Reporting delay for (event-triggered) periodic reporting, adopt the same definition as in R15.
Proposal 5. For the event-triggered reporting delay:
· No need to extend the delay, clarify that the measurement reporting delay excludes a delay which is caused by no UL resources available due to CCA. 
Assumption of Q in PBCH reading
Additional time for PBCH payload reading for SSB index identification:
· Options discussed in RAN4 #94e
· Option 1: We can assume that Q is always known to the UE
· Option 2: We cannot assume that Q is always known to the UE



In March specification of TS 38.331, the value of SSB-PositionQCL-Relationship-r16 is optional which means gNB can leave it unconfigured. Our understanding is that this issue may be revisited before ASN.1 freeze and at least a default value that UE can assume in the absence of its configuration can be specified. Our proposal is to revisit this once ASN.1 freezes.
Proposal 6. RAN4 to wait for ASN.1 freeze to decide on whether SSB-PositionQCL-Relationship-r16 can always be assumed known to UE.
Measurement and monitoring of QCL’ed SSBs
· No consensus was reached in this meeting. Companies are encouraged to bring their views on the options. 
· Option 1: 
· UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other
· Option 2: 
· UE is required to monitor all SSBs from the set of SSBs that are QCLed with each other
· Option 3: 
· UE is required to monitor all SSBs regardless of QCL assumptions



To support IIoT use case in unlicensed band, a FBE mode (semi-static channel access) is supported in NR-U for better QoS (for URLLC traffic). In FBE, Cat 2 LBT is used for contending for channel at a fixed time grid. There are no Cat 4 LBT and hence no uncertainty in channel access time exists. FBE is used when the operator can guarantee a controlled environment (no WiFi neighbors). Hence, in FBE mode, the rate of LBT failure is extremely small. FBE mode of operation will be announced in RMSI along with fixed frame period (FFP) configuration. It can also be signaled for a UE with UE-specific RRC signaling for FBE SCell use case. In R16, only gNB contends for the channel and UE transmissions within a FFP can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the FFP are detected. The FFP is restricted to values of {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} including idle period and the starting positions of the FFPs within every two radio frames starts from an even radio frame and are given by i*P where i={0,1,.., 20/P-1} where P is the FFP in ms.
Furthermore, FBE and LBE mode of operations are both optional UE capabilities and UE can signal capability to support either FBE or LBE or both as in the following [2]:
	10-1
	UE stand-alone (DL and UL) operation in shared spectrum under dynamic channel access mode 
	1. Type 1 channel access
2. Type 2A channel access
3. Type 2B channel access (FFS if move this to separate feature)
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. Contention window adjustment
7. CP extension up to 1 symbol for PUSCH/PUCCH transmission
8. SSB/MIB/RMSI reception with Q
9. SSB RRM with Q in DMTC
10. SSB-RLM with Q in DMTC window
11. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
	Optional with capability signalling

	10-2
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. SSB/MIB/RMSI reception with Q
5. SSB RRM with Q in DMTC
6. SSB-RLM with Q in DMTC window
7. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
8. Support fixed frame period of 5ms and 10ms
	Optional with capability signalling



In FBE, if FFP is greater than, or equal to, SMTC window, then unavailability of any SSB index within SMTC means unavailability of all the other SSB indices within the same SMTC. This is shown in Figure 1 with 10ms and 2.5ms FFP with 5ms SMTC window. In the top figure, the entire first SMTC window length is available and the entire second SMTC window length is unavailable since the FFP is 10 ms. In the bottom figure with FFP of 2.5ms, unavailability of channel can make half of total candidate SSB position indices unavailable. Therefore, FBE mode of operation can significantly reduce the UE complexity even if it was required to monitor all QCL’ed SSBs. 
Observation 1. In semi-static channel access mode, UE can assume that unavailability of DL due to LBT in a fixed frame period leads to unavailability of all consecutive SSBs within the same fixed frame period. 
Observation 2. Unlike RLM, the availability of channel for a fixed frame period can more reliably established given measurement side conditions.


Figure 1 semi-static channel access mode and impact on RRM as a function of FFP
Observation 3. Due to deployment in controlled environments (no WiFi neighbors), the rate of LBT failure in semi-static channel access mode is extremely smaller than dynamic channel access mode.
Given the reduced UE complexity and minimal rate of LBT failure in FBE mode, it does not make sense for FBE mode UE’s to support requirements that are suitable for LBE mode. So if RAN4 cannot agree on Option 1 above as the minimum requirements for both modes, then the alternative option is to introduce different requirements for the two modes.
Proposal 7. If RAN4 cannot agree on option 1 as baseline for measurement requirements, different measurement requirements for semi-static and dynamic channel access modes to be defined.
Proposal 8. For semi-static channel access mode, Option 1 to be adopted.
The identification requirements in TS 38.133 are based on the number of samples UE needs to form an aggregate sample to reliably detect or identify an unidentified SSB. For example, 5 samples are needed for PSS/SSS detection without gaps in FR1 in R15. In the identification stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample. If it could, then R15 requirements would have used 1 sample for the identification stage. 
Observation 4. In the identification stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). If it could, then R15 requirements would have used one sample for the identification stage. 
Consequently, the (un)availability of SMTC occasions should be viewed by looking at the entire identification period rather than just a single SMTC occasion. A UE will not need an extension for the identification period if at least one SSB index in the same SSB position index satisfies the detectability side conditions for N successive samples where N is the number of samples per R15 requirements. Otherwise, UE will require an extension.
Figure 2 illustrates this with two examples where the number of R15 samples are hypothetically assumed to be N=3 and the QCL factor Q = 4. In the top diagram, SSB#0 is not consistently present (detectable) in N=3 SMTC occasions. Hence, the middle SMTC (SMTC#1) should be considered unavailable (L=1) even though a QCL’ed SSB in SSB position #4 is present in that occasion. As mentioned earlier, UE cannot reliably decide whether the SSB is present or not in SMTC#1 as it is still in the process of accumulating samples to identify the SSB. In the bottom example, SSB#0 is present in SSB position index #0 for N=3 samples. So, all SMTC occasions are considered available (L=0). 



Figure 2 – Unavailability of SMTC occasions in identification stage
It is proposed to add a NOTE in each of the cell identification tables (e.g., in clause 9.2A.5.1 for intra-frequency NR-U) to clarify this. 
Proposal 9. A NOTE to be added in each of the tables in cell identification clauses for NR-U (e.g., clause 9.2A.5.1 for intra-frequency) as in the following shown for example:
Table 9.2A.5.1-1: Time period for PSS/SSS detection
	Condition
	TPSS/SSS_sync_intra

	Max(TDRX,TSMTC)≤40
	max( 600ms, ceil((5+LPSS/SSS) x Kp) x max(SMTC period,DRX cycle))Note 1 x CSSFintra

	40<Max(TDRX,TSMTC)≤320
	max( 600ms, ceil(1.5x (5+LPSS/SSS) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	TDRX>320
	ceil((5+LPSS/SSS) x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:   LPSS/SSS< LPSS/SSS,max is the unavailable SMTC or DRX cycles during TPSS/SSS_sync_intra, where LPSS/SSS,max=TBD.
NOTE 3:  At least one SSB index in the same SSB position index shall be detectable, as specified in clause 9.2A.2, in the time period for PSS/SSS detection.



UE behavior in exceeding max number of unavailable SMTC occasions during measurement stage
In our view, the UE behavior upon exceeding max number of unavailable SMTC occasions is not clearly defined yet. When UE is in detection stage, it is logical to specify UE behavior to be restarting the procedure (e.g., PSS/SSS detection) again. However, when UE is in the measurement stage, UE should not be expected to restart the measurement procedure again and again in persistent failure of completion of a measurement period. In our view, after N unsuccessful measurement attempts, UE may restart from the detection stage again. Value of N can be further discussed in RAN4. 
Proposal 10. 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. 
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.
The restrictions on scheduling availability are captured in Proposals 8 and 9 with yellow texts highlighting the differences from R15 specification. 
Proposal 11. 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 12. 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. Reporting delay for (event-triggered) periodic reporting, adopt the same definition as in R15.
Proposal 5. For the event-triggered reporting delay:
· No need to extend the delay, clarify that the measurement reporting delay excludes a delay which is caused by no UL resources available due to CCA. 
Proposal 6. RAN4 to wait for ASN.1 freeze to decide on whether SSB-PositionQCL-Relationship-r16 can always be assumed known to UE.
Observation 1. In semi-static channel access mode, UE can assume that unavailability of DL due to LBT in a fixed frame period leads to unavailability of all consecutive SSBs within the same fixed frame period. 
Observation 2. Unlike RLM, the availability of channel for a fixed frame period can more reliably established given measurement side conditions.
Observation 3. Due to deployment in controlled environments (no WiFi neighbors), the rate of LBT failure in semi-static channel access mode is extremely smaller than dynamic channel access mode.
Proposal 7. If RAN4 cannot agree on option 1 as baseline for measurement requirements, different measurement requirements for semi-static and dynamic channel access modes to be defined.
Proposal 8. For semi-static channel access mode, Option 1 to be adopted.
Observation 4. In the identification stage, UE cannot reliably decide on the presence or absence of an SSB based on a single sample (SMTC occasion). If it could, then R15 requirements would have used one sample for the identification stage. 
Proposal 9. A NOTE to be added in each of the tables in cell identification clauses for NR-U (e.g., clause 9.2A.5.1 for intra-frequency) as in the following shown for example:
Table 9.2A.5.1-1: Time period for PSS/SSS detection
	Condition
	TPSS/SSS_sync_intra

	Max(TDRX,TSMTC)≤40
	max( 600ms, ceil((5+LPSS/SSS) x Kp) x max(SMTC period,DRX cycle))Note 1 x CSSFintra

	40<Max(TDRX,TSMTC)≤320
	max( 600ms, ceil(1.5x (5+LPSS/SSS) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	TDRX>320
	ceil((5+LPSS/SSS) x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:   LPSS/SSS< LPSS/SSS,max is the unavailable SMTC or DRX cycles during TPSS/SSS_sync_intra, where LPSS/SSS,max=TBD.
NOTE 3:  At least one SSB index in the same SSB position index shall be detectable, as specified in clause 9.2A.2, in the time period for PSS/SSS detection.



Proposal 10. 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. 
Proposal 11. 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 12. 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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