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1 Introduction
In this paper, we provide our view on measurement requirements for NR-U, including 
· UE monitoring capabilities for QCLed SSBs
· Scheduling restriction for SS-RSRP, SS-RSRQ, SS-SINR 
· RSSI measurements: the definition of intra-frequency and inter-frequency RSSI measurement, and RSSI measurement period, scheduling restriction for RSSI   
2 UE monitoring capabilities for QCLed SSBs 
This section also has been discussed in our companion paper [3]. In the previous meeting, RAN4 sent LS [1] to RAN1 about whether monitoring all candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index is mandatory for UEs. RAN1’s reply LS regarding the monitoring capability [2] is as follows.  
 (
RAN1
 would like to thank RAN4 for their LS [1] related to NR-U SSB monitoring capabilities.
Related to the four questions asked by RAN4, 
RAN1
 feedback is as follows.
[Question 1]
 Provide feedback whether monitoring within a given discovery burst transmission window all candidate SS/
PBCH
 block indexes corresponding to the same SS/
PBCH
 block index is mandatory for 
UEs
.
[
RAN1
 answer]
 During 
RAN1
 discussion, we did not reach consensus on how to set 
N1
 and 
N2
 values. However, it is 
RAN1
 understanding that RAN4 may choose not to define different RLM/
RRM
 performance requirements corresponding to different 
N1
/
N2
 capabilities. 
Hence, assuming a single RLM/
RRM
 performance requirement, the introduction of 
N1
/
N2
 UE capabilities is not necessary. 
It is 
RAN1
 understanding that how many candidate SS/
PBCH
 block indexes corresponding to the same SS/
PBCH
 block index the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/
RRM
 performance requirement is met.
As a consequence, 
RAN1
 has agreed that from 
RAN1
 perspective, 
N1
 and 
N2
 should not be defined as UE capabilities.
)















[bookmark: _Ref47540546]Observation 1: UE is not mandated to monitoring all candidate SBIs corresponding to the same SBI, within a given discovery burst transmission window. 
[bookmark: _Ref47540549]Observation 2: It is RAN1 understanding that how many candidate SBIs corresponding to the same SBI the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/RRM performance requirement is met.
In many RAN4 NR-U RRM requirements, the evaluation/measurement period depends on the number of “not available SSBs”. However, the observed number of “not available SSBs” will be impacted by the different UE implementations. For examples, the UEs monitoring 1 position (candidate SBI) will observe larger number of “not available SSBs” than the UEs monitoring N>1 positions. Currently, there is no capability signaling for the number of positions to monitor, so this capability is unknown to network. As a result, UE and network would have different understanding on the time period in requirements.
[bookmark: _Ref20919622]To void this misunderstanding, the requirement can be specified based on certain predefined numbers, without introducing the variable N1/N2 UE capabilities. 
For example, one option is to define “available SSB” based on the assumption that UE is capable to monitor at least one candidate SBI corresponding to the same SBI within the discovery burst transmission window. In this way, the UEs monitoring 1 or more positions can meet the requirement. 
[bookmark: _Ref20904816][bookmark: _Ref47726817][bookmark: _Ref47540558][bookmark: _Ref20919626]Proposal 1: In a given discovery burst transmission window, UE is required to monitor at least one candidate SBI corresponding to the same SBI. 
Since the observed number of “not available SSBs” will be impacted by this assumption, this clarification should be captured in the terminology for unavailable SSB/SMTC occasions. 
[bookmark: _Ref47540561]Proposal 2: Capture the number of candidate SBIs corresponding to the same SBI UE should monitor to in the terminology for unavailable SSB/SMTC occasions.   
3 Scheduling restriction during SS-RSRP, SS-SINR, and SS-RSRQ measurement
In the last meeting, the following agreements regarding the scheduling restriction in NR-U have been agreed [4]:
 (
RAN4 to define scheduling restrictions during SS-
RSRP
, SS-
SINR
 and SS-
RSRQ
 measurements in NR-U
 
In NR-U, scheduling restriction should depend on the signaling of 
deriveSSB_IndexFromCell
.
 
In NR-U, the scheduling restriction of UE performing measurements with 
a different
 subcarrier spacing than 
PDSCH
/
PDCCH
 (clause 9.2.5.3.2 in TS 38.133) is applicable.
 
FFS
: scheduling restriction to intra-band and inter-band CA.
 
)






Similar to R15, in FR1, the scheduling restriction due to one CC shall not apply to other CCs on the other bands.   
[bookmark: _Ref47726826]Proposal 3: In FR1 inter-band CA, the scheduling restriction due to one CC shall not apply to other CCs on the other bands.   
There are 2 reasons to apply scheduling restriction in FR1 in R15
· Due to UL/DL collision, as captured in 9.2.5.3.1 “Scheduling availability of UE performing measurements in TDD bands on FR1” in 38.133.
· Due to different subcarrier spacing, as captured in 9.2.5.3.2 “Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1”
Regarding UL/DL collision, the case of “deriveSSB_IndexFromCell is not enabled” was not considered in R15 TDD bands. However, in NR-U, the asynchronous deployment has been considered and it has agreed the scheduling restriction should depend on the signaling of deriveSSB_IndexFromCell, the scheduling restriction in analogue to R15 requirement is proposed as follows. 
[bookmark: _Ref47726829]Proposal 4: If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS on all symbols within DRS window duration.
4 RSSI measurement
4-1 Intra-frequency and inter-frequency RSSI definition
Regarding RSSI intra-frequency and inter-frequency definition, the following options are for further discussion [4].

 (
Issue 3-1-1: Intra-frequency and inter-frequency 
RSSI
 definition
An intra-frequency 
RSSI
 measurement is defined when:
 
RSSI
 channel BW is contained within the channel/carrier BW of the UE. 
Further study whether to include 
SCS
 conditions into the definition and how to handle 
RSSI
 measurements under assumption of different 
SCS
 in 
RSSI
, active 
BWP
, etc.
 
Options discussed in RAN4 95:
Option 
2a
:  
RMTC
 configured 
SCS
 is the same as the 
SCS
 of active 
BWP
 
Option 
2b
: the 
SCS
 of the 
RSSI
 measurement is the same as the 
SCS
 of an intra-frequency SSB or CSI-RS
 
Option 
2c
: No additional condition is needed.
 
Option 
2d
: the 
SCS
 configured for the 
RSSI
 measurement is the same as the 
SCS
 of a serving cell, where the 
SCS
 of a serving cell is 
FFS
.
 
)





The conditioning on SCS is necessary as it would introduce measurement duration of fractional symbols. We support Option 2a. Regarding the Option 2b, although the SCS are the same for RSSI and inter-freq. SSB, if the RSSI BW is larger than SSB BW and the RMTC SCS is different from the BWP, the gap will still be required. 

[bookmark: _Ref47731540]Proposal 5: An intra-frequency RSSI measurement shall meet the condition that the RMTC configured SCS is the same as the SCS of active BWP (Option 2a).
4-2 RSSI measurement period
The CSSF definition for RSSI intra-/inter-frequency measurement has been agreed as follows [4].

· Issue 3-2-1: CSSF definition
· At least for CSSF within measurement gaps, CSSF needs to be adapted for NR-U to account for RSSI measurements in RMTC in addition to other NR-U measurements in SMTC. 
· FFS: whether CSSF needs to be adapted for CSSF outside measurement gaps. 

Regarding the CSSF outside gap, it should further discuss whether to allow the case that RMTC is overlapping with SMTC. If the overlapping is not allowed, then there is no sharing issue between RMTC and SMTC, i.e. CSSF outside gap is not necessary for RSSI measurements. 
[bookmark: _Ref40283540]Proposal 6: For a RSSI measurement outside measurement gap, measurement period is scaled up by CSSFoutside_gap, if RMTC is allowed to be overlapped with SMTC. CSSFoutside_gap is not required if RMTC is not allowed to be overlapped with SMTC
It can be observed that if RMTC and SMTC are non-overlapping in time then the load/interference can be more accurately measured. Besides, if it excludes the overlapping case, the measurement period can be simplified, as the sharing between SMTC and RMTC is not necessary.   
[bookmark: _Ref40283543]Proposal 7: No requirement for the RMTC which is overlapping with SMTC. 
4-3 Scheduling restriction due to RSSI measurement
Similar to the discussion in section 3, the async deployment has to be considered. Thus the scheduling restriction to avoid UL/DL collision is proposed as below:
[bookmark: _Ref47732622]Proposal 8: If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS on all symbols within RMTC window duration.

As discussed in the definition of intra-frequency RSSI measurement, if the SCS configured in RMTC is higher than the SCS of data, then it will lead to measurement duration of fractional data-symbols. Thus, the scheduling restriction shall be applied the measurement duration of fractional data-symbols

[bookmark: _Ref47733301]Proposal 9: Scheduling restriction shall apply on the RMTC window duration if the SCS configured in RMTC is different from the SCS of data.





5 Summary
In this paper, measurement requirements for NR-U have been discussed. We have the following observations and proposals:
Proposal 1: In a given discovery burst transmission window, UE is required to monitor at least one candidate SBI corresponding to the same SBI.
Proposal 2: Capture the number of candidate SBIs corresponding to the same SBI UE should monitor to in the terminology for unavailable SSB/SMTC occasions.
Proposal 3: In FR1 inter-band CA, the scheduling restriction due to one CC shall not apply to other CCs on the other bands.
Proposal 4: If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS on all symbols within DRS window duration.
Proposal 5: An intra-frequency RSSI measurement shall meet the condition that the RMTC configured SCS is the same as the SCS of active BWP (Option 2a).
Proposal 6: For a RSSI measurement outside measurement gap, measurement period is scaled up by CSSFoutside_gap
Proposal 7: No requirement for the RMTC which is overlapping with SMTC.
Proposal 8: If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS on all symbols within RMTC window duration.
Proposal 9: Scheduling restriction shall apply on the RMTC window duration if the SCS configured in RMTC is different from the SCS of data.
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