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1	Introduction
Following the completion of the study item on NR-based access to unlicensed spectrum, a work item has been approved in 3GPP RAN #82 [1]. One of the objectives of the NR-U work item is to introduce support of mobility in unlicensed spectrum:
Mobility: For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR). For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements. 
As the RRM framework to support serving cell and neighbor cell measurements in unlicensed spectrum, the Rel-15 NR RRM framework is assumed as baseline. It should also ne be noted that NR-U should support RRM, RLM, and mobility procedures in asynchronous deployments [2].
For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments.
Rel-15 NR introduces the concept of SSB based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. The NR SMTC framework presents several similarities with the LAA Discovery Reference Signal (DRS) measurement timing configuration (DMTC) concept, which was introduced in Rel-13 LAA to handle the time unpredictability in the transmission of DRS for the purpose (among others) of performing RRM measurements in unlicensed spectrum.
According to the agreements captured in [2] and the related discussions in RAN1, to overcome the negative effects of impending channel unavailability due to Listen-Before Talk (LBT), the NR-U DRS is transmitted within a window of opportunity, which we also refer to in this contribution as DRS transmission opportunity window. 
For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. 
[…]
For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within the DRS transmission window to Y, for e.g., Y ≤ 64, where the choice of Y may depend on the numerology of the SS/PBCH blocks. The transmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is X within DRS transmission window with X ≤ 8. The time-domain positions of the actually transmitted SS/PBCH blocks are selected from a set of Y candidate SS/PBCH block positions. Proposals for shift granularity between candidate time domain SSB positions/candidate groups of SSBs, duration of DRS transmission window, and duration of the transmitted DRS within the window including SSBs and other multiplexed signals/channels, were discussed without reaching consensus, and can be considered further when specifications are developed.
During the NR-U study item phase, the relation between DRS transmission opportunity window and measurement timing configuration for RRM measurements has been discussed, and the following was concluded [2].
For RLM on an unlicensed SpCell and RRM, it is considered beneficial to configure DMTCs (DRS Measurement Time Configuration) in which UEs can perform measurements. It is considered beneficial that these time-domain measurement windows for RRM measurements and RLM can be different. RLM DMTC may coincide with DRS transmission window.
In this paper we discuss the relation between DRS transmission opportunity window on a serving cell and SMTC for the corresponding carrier frequency. 
2	Discussion 
In this contribution we focus on the SMTC configuration for intra-frequency measurements. Measurement gaps for inter-frequency measurements in asynchronous NR-U deployments are discussed in our companion contribution [3]. 
For intra-frequency measurements in CONNECTED mode, Rel-15 NR supports up to 2 SMTCs. These 2 SMTCs are configured in the measurement object. The secondary SMTC has the same offset and duration as the primary SMTC, and its periodicity can only be set to a value that is strictly shorter than the periodicity of the primary SMTC. Therefore, in Rel-15 NR, the primary SMTC is always overlapping with the secondary SMTC. For intra-frequency measurements in IDLE/INACTIVE mode, Rel-15 NR only support one SMTC, which is signaled in SIB2. The SMTC in Rel-15 NR is used to perform RRM measurements on both serving and neighbor cells on a carrier frequency. 
In NR-U, serving cell measurements will obviously need to be performed during the DRS transmission opportunity window. Note that here the term “serving cell” here is also used to indicate the cell an IDLE/INACTIVE mode  UE is camping on. 
Therefore, to evaluate to what extent the Rel-15 SMTC framework can be reused for NR-U, and which modifications and/or extensions may be needed to support IDLE/INACTIVE and CONNECTED mode mobility in unlicensed spectrum, next we discuss the relation between DRS transmission opportunity window and SMTC in asynchronous and synchronous deployment scenarios. 
2.1	Asynchronous neighbor cells
In a first case, asynchronous network deployments may mean that the serving cell (for CONNECTED mode) or the cell the UE is camping on (for IDLE/INACTIVE mode) has no idea of the timing of the DRS transmission opportunity window of neighbor cells. In this case, it may be difficult to configure an exact timing configuration (SMTC) for intra-frequency neighbor cell measurements. The UE could simply be indicated that there are asynchronous neighbor cells on the corresponding carrier frequency. The UE will then perform measurements with an “undefined” measurement timing configuration. This could be implemented e.g.: 
· For IDLE/INACTIVE mode, by either configuring both the duration and the periodicity of the SMTC signaled in SIB2 to the same value (e.g. 5 ms), or by omitting the SMTC in SIB2 
· For CONNECTED mode, by configuring both the duration and the periodicity of the SMTC signaled in the measurement object configuration to the same value (e.g. 5 ms)
This approach seems reasonable, at least for IDLE/INACTIVE mode. On the other hand, to perform measurements on the cell the UE is camping on, it may also be beneficial to signal to the UE the DRS transmission opportunity window of the corresponding cell. Therefore, we propose: 
Proposal 1: the DRS transmission opportunity window on a cell and the SMTC for intra-frequency measurements in IDLE/INACTIVE mode are configured separately in the System Information. 
In CONNECTED mode, the UE implementation flexibility to perform measurements by configuring both the duration and the periodicity of the SMTC to the same value is somehow reduced, as the UE in practice cannot perform measurements when transmitting in UL [4]. This may complicate the specification of the intra-frequency performance requirements in RAN4. 
In case the UE, to perform measurements on asynchronous intra-frequency neighbor cells, needs to be configured a SMTC with duration smaller than the periodicity, such SMTC may need to have similar properties as the measurement gap configuration for performing inter-frequency measurement on asynchronous neighbor cells, as we discuss in our companion contribution [3]. In this case, it seems necessary to allow non-overlapping DRS transmission opportunity window on a cell and SMTC on the corresponding a carrier frequency.
In a different case, asynchronous network deployments could mean that the serving cell knows the timing of neighbor cells, but the DRS transmission windows of neighbor cells are overlapping neither among themselves, nor with the DRS transmission window of the serving cell. In this case, it may be beneficial to allow non-overlapping DRS transmission opportunity window on a cell and SMTC on the corresponding carrier frequency, for both IDLE/INACTIVE and CONNECTED mode. However, whether this case is relevant may need further discussions in RAN2, as knowing the timing of neighbor cells may allow some level of network synchronization.
2.2	Synchronous neighbor cells
In case of synchronous network deployments, it could be assumed that the DRS transmission opportunity window across neighbor cells is always perfectly overlapping. In this case, it may not be required to have the DRS transmission window of a serving cell and the SMTC of the corresponding carrier frequency to be separately configured. 
Observation 1: for synchronous network deployments, the DRS transmission opportunity window on a cell and the SMTC on the corresponding carrier frequency can be assumed to be the same. 
Also, there could be slightly synchronous network deployments where neighbor cells are synchronous, but the synchronization accuracy is loose, e.g. in the order of one or several slots. In this case, it may be beneficial to configure the SMTC with a slightly longer duration as compared to the duration of the DRS transmission opportunity window, while the DRS transmission opportunity window could still be overlapping with the SMTC. 
Observation 2: for slightly synchronous networks deployments, the DRS transmission opportunity window on a serving cell and the SMTC on the corresponding carrier frequency may be different but overlapping. 
However, even in synchronous or slightly synchronous NR-U deployments, due to LBT in unlicensed spectrum, the network may still see an advantage in time multiplexing the DRS transmission windows in neighbor cells. In this case, it may be useful to support non-overlapping, or at least partially non-overlapping, DRS transmission opportunity window and SMTC. Some restrictions on the allowed non-overlapping configurations may be needed though to limit the time the UE is performing measurements on the corresponding carrier frequency. 
Observation 3: for synchronous or slightly synchronous network deployments, it may in some cases be beneficial to configure the DRS transmission opportunity window on a cell and the SMTC on the corresponding carrier frequency to be non-overlapping (or at least partially non-overlapping). 
Based on above observations, we make the following proposal: 
Proposal 2: RAN2 should discuss and decide: 
· whether, to support intra-frequency measurements in CONNECTED mode in synchronous, slightly synchronous, and asynchronous deployment scenarios, allowing non-overlapping DRS transmission opportunity window on a cell and SMTC on the corresponding carrier frequency is needed
· whether, to limit the time the UE is performing measurements, there should be restrictions on the allowed non-overlapping configurations  
3	Conclusion 
In this paper we discussed the relation between DRS transmission opportunity window and SMTC in NR-U, and made the following observations and proposals:
Proposal 1: the DRS transmission opportunity window on a cell and the SMTC for intra-frequency measurements in IDLE/INACTIVE mode are configured separately in the System Information. 
Observation 1: for synchronous network deployments, the DRS transmission opportunity window on a cell and the SMTC on the corresponding carrier frequency can be assumed to be the same. 
Observation 2: for slightly synchronous networks deployments, the DRS transmission opportunity window on a serving cell and the SMTC on the corresponding carrier frequency may be different but overlapping. 
Observation 3: for synchronous or slightly synchronous network deployments, it may in some cases be beneficial to configure the DRS transmission opportunity window on a cell and the SMTC on the corresponding carrier frequency to be non-overlapping (or at least partially non-overlapping). 
Proposal 2: RAN2 should discuss and decide: 
· whether, to support intra-frequency measurements in CONNECTED mode in synchronous, slightly synchronous, and asynchronous deployment scenarios, allowing non-overlapping DRS transmission opportunity window on a cell and SMTC on the corresponding carrier frequency is needed
· whether, to limit the time the UE is performing measurements, there should be restrictions on the allowed non-overlapping configurations  
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