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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. 
The Rel-15 NR RRM framework is assumed as baseline for NR-U [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 as DRS transmission opportunity window. Based on RAN1#96bis agreements [3], the DRS transmission opportunity window can be up to 5ms, and could repeat periodically e.g. every 40, 80 or 160ms. The actual transmission of the DRS can take from a few hundred microseconds to 1-2ms, depending on the number of transmitted beams.  
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.  
So, the NR SMTC framework will be reused in NR-U to handle the uncertainty introduced by LBT on the transmission of reference signals for mobility and RRM measurements.
In this contribution, we discuss some of the UE limitations during SMTC, and propose that RAN2 discusses if enhancements are needed to overcome these limitations, or at least if the UE behavior during SMTC should be more clearly specified for NR-U. 
2	Discussion 
[bookmark: _Hlk963516]In RRC connected mode, the SMTC is configured to the UE as part of the measurement object configuration. The UE performs SSB-based neighbour cell measurements during the SMTC. In the measurement object configuration, the gNB may also provide a list of cells (whitelist) and/or SSBs to measure. For measurements of unlicensed cells, the SMTC needs to overlap with the candidate SS/PBCH block positions of the neighbour cells, i.e. with their DRS transmission opportunity window. On the other hand, to provide more transmission opportunities for the DRS, candidate SS/PBCH block positions in NR-U can span over a time window of up to 5ms. This means, the duration of the configured SMTC to perform neighbour cell measurements (both intra- and inter-frequency) can be up to 5ms. 
NR-U is expected to operate with asynchronized TDD. In this context, by asynchronized TDD, we mean that UL/DL transmissions in neighbour cells may not be coordinated. This is primarily due to the unpredictable impact of LBT, which can prevent/delay transmissions differently in neighbour cells. In this case, there is a significant risk that intra frequency neighbour cell measurements can collide with UE UL transmissions (on data and/or control channel) on the serving cell.
Observation 1: The uncertainty introduced by LBT in the transmission of discovery reference signals in unlicensed spectrum increases the likelihood that intra frequency neighbour cell measurements may collide with UE UL transmissions on the serving cell.
For intra-frequency measurements in a TDD band, in TS 38.133, clause 9.2.5.3.1, it is specified that a UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration.
[bookmark: _Hlk20831000][bookmark: _Hlk5958833]On the other hand, in 38.213, clause 11.1.1, it is specified that “For unpaired spectrum operation for a UE on a cell in a frequency band of FR1, and when the scheduling restrictions due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit in a set of symbols, the UE is not required to perform RRM measurements [10, TS 38.133] based on a SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols.” 
[bookmark: _Hlk7452869]Observation 2: in baseline Rel-15 specifications it is unclear whether, when operating in an unpaired band, UL transmissions are prioritized over RRM measurements during SMTC (RAN1 assumption) or vice versa (RAN4 assumption).
Even with RAN1 assumption, the gNB issuing a grant indicating to the UE to transmit in UL during the SMTC will do that at the cost of degrading the RRM measurement accuracy, hence the mobility performance. So, the serving cell will most likely not schedule any UL transmission which is even partially overlapping with the SMTC, because it assumes the UE is measuring for the entire duration of the SMTC, and as such, is not able to transmit.
Observation 3: independently of whether RAN1 assumption or RAN4 assumption is adopted in NR-U to prioritize between UL transmissions and intra-frequency RRM measurements within SMTC, effectively no UL transmission are likely to be allowed during the SMTC.   
Though in principle this problem already exists in licensed spectrum, it becomes particularly relevant in unlicensed spectrum due to the extremely flexible TDD frame structure and the uncertainty on when the reference signals for measurements are transmitted in neighbour cells. RAN2 should therefore clarify the UE behaviour when UL transmissions are overlapping with the SMTC, and possibly identify if enhancements and/or specifications changes are required to improve the trade-off between UL transmission flexibility and RRM measurement requirements in unlicensed spectrum. 

For example, RAN2 could confirm that, as a default, RAN4 assumptions are used in NR-U, i.e. RRM measurements are prioritized over UL transmissions (scheduled via DCI or UE-initiated) during SMTC. Additionally, based on NW configuration, the UE could prioritize UL transmission over RRM measurements if:
A. At any time within the SMTC, the UE determines it has detected an SS/PBCH block and performed a successful measurement for all the cells and SSBs configured for measurements on the corresponding carrier frequency. 
B. Even if the previous condition is not fulfilled, in the last N OFDM symbols of the SMTC e.g. to prioritize transmission of high priority data (value of N and how to configure it TBD)
These enhancements could reduce the UL transmission gap in case the UE has completed all measurements long before the end of the SMTC. Also, unnecessary delay in the transmission of high priority data and/or uplink control signaling information could be avoided by making rational to schedule UL transmissions overlapping with SMTC. 
[bookmark: _GoBack]Proposal 1: As default assumptions, in NR-U RRM measurements are prioritized over UL transmissions (scheduled via DCI or UE-initiated) during SMTC (i.e. adopt RAN4 assumption). 
Proposal 2: The UE prioritizes UL transmissions over RRM measurements at any time within the SMTC if the UE determines that it has detected the SS/PBCH block (SSB), and performed a successful measurement, for all the cells and SSBs configured for measurements on the corresponding carrier frequency.
Proposal 3: The UE prioritizes UL transmissions over RRM measurements in the last N OFDM symbols of the SMTC (value of N and how to configure it TBD).
3	Conclusion 
In this paper we discussed UL transmissions during SMTC in NR-U, and made the following observations and proposals:
Observation 1: The uncertainty introduced by LBT in the transmission of discovery reference signals in unlicensed spectrum increases the likelihood that intra frequency neighbour cell measurements may collide with UE UL transmissions on the serving cell.
Observation 2: in baseline Rel-15 specifications it is unclear whether, when operating in an unpaired band, UL transmissions are prioritized over RRM measurements during SMTC (RAN1 assumption) or vice versa (RAN4 assumption).
Observation 3: independently of whether RAN1 assumption or RAN4 assumption is adopted in NR-U to prioritize between UL transmissions and intra-frequency RRM measurements within SMTC, effectively no UL transmission are likely to be allowed during the SMTC.   
Proposal 1: As default assumptions, in NR-U RRM measurements are prioritized over UL transmissions (scheduled via DCI or UE-initiated) during SMTC (i.e. adopt RAN4 assumption). 
Proposal 2: The UE prioritizes UL transmissions over RRM measurements at any time within the SMTC if the UE determines that it has detected the SS/PBCH block (SSB), and performed a successful measurement, for all the cells and SSBs configured for measurements on the corresponding carrier frequency.
Proposal 3: The UE prioritizes UL transmissions over RRM measurements in the last N OFDM symbols of the SMTC (value of N and how to configure it TBD).
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