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Introduction
In the RAN4#92 meeting, a Way Forward was agreed on NR-U [1]. In this paper, we discuss some of the open issues regarding measurements in NR-U. 
Measurement gap scaling factor
On measurement gap scaling factor, the following agreements were made:
Interested companies are invited to provide their analysis in RAN4#92-Bis on the feasibility of a capability to measure NR-U bands with an independent gap pattern
CSSFwithin_gap,i definition can be reused, both for DRS gap based measurements, and to account for the impact of DRS gap based measurements to other measurements. DMTC period in the definition is to be used instead of SMTC period.



In this paper, we present our views on the capability to measure NR-U bands with an independent gap pattern as proposed in [2]. 
Spectrum for unlicensed operations is available across many bands including sub 1 GHz, sub 7 GHz as well as 37GHz and 60GHz. Figure 1 illustrates a snapshot of the spectrum that is allocated / targeted for NR and that can be considered for NR unlicensed [3]. 
In E-UTRAN, implementation of unlicensed operation in some chipsets covered 2.5 GHz and 5 GHz (B41 and B46) for LTE-U and LTE LAA. In these products, UE architecture had shared components for licensed and unlicensed operation. As such, measurements in unlicensed bands with an independent gap pattern is not feasible. 
Observation 1. Unlicensed operations in sub 7 GHz extends to both mid bands (2.5 GHz) and high bands (5 GHz).
Looking forward, it is possible to introduce more NR-U bands in the future in both sub 7 GHz and mmW bands. For instance:
· The 37-37.6 GHz band is expected to be opened for shared access in US. The FCC rules for facilitating spectrum frontiers (5G) suggested that the band could be shared between commercial systems and future federal systems.
· 14GHz of spectrum between 57-71 GHz is available for unlicensed use. The legacy channelization consists of 6 bands with 2.16GHz bandwidth each. The exact allocations vary across geographies. In US, EU, China and Japan, the spectrum allocations are 14, 9, 5 and 7 GHz respectively. 
Observation 2. Unlicensed operations in mmW may be possible in the future for both FR2 range and beyond. 
Since the expansion of unlicensed bands into mmW is a real possibility, it is our view that the existing capability of per-FR vs. per-UE gap pattern is more suitable and forward-looking for NR-U than the proposal in [2] to consider an independent gap pattern for unlicensed bands. It is noted that although some of the proposed unlicensed bands (e.g, 57-71 GHz) are not technically FR2 bands, they are still mmW bands with significant commonalities with FR2. Extending the specifications (e.g., per-FR gap) to account for these bands should be a more trivial work compared to defining a per-NR-U gap pattern. 
Observation 3. Existing capability of per-FR vs. per-UE gap pattern is more suitable and forward-looking for NR-U compared to considering an independent gap pattern for unlicensed bands.
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Figure 1 Spectrum allocated/targeted for NR
Proposal 1. RAN4 to not consider an independent gap pattern for unlicensed bands in Release 16.
SFTD measurements
Highlights of the agreements below were reached on SFTD measurements are [1]:
For EN-DC SFTD towards NR-U with LBT, a measurement period Tmeasure_SFTD1 = max(0.2,[5 + NLBT-fail] x SMTC period), where NLBT-fail is the number of SSBs (or DRSs) that have been blocked by LBT, is used
For EN-DC SFTD towards NR-U with LBT, SFTD measurement accuracy under LBT shall be safe-guarded by limiting the time between acquisition of PCell timing and acquisition of PSCell timing used when estimating SFTD. One option may e.g. be to request that |t1-t2| < SMTC period, another to request that |t1-t2| < max(0.2, 5xSMTC period)
RAN4 shall further discuss how to capture measurement delay requirements for inter-RAT SFTD towards NR-U under LBT
Extension of SFTD measurement time when PSCell changes without changing carrier frequency to be similar to the described way in clause 8.17.2 of TS 36.133
Define the maximum value of L
FFS UE behavior when the maximum is exceeded



The second agreement above discusses the need to make PCell and PSCell timing measurement close enough to ensure accuracy requirements. In our view, meeting accuracy requirements implicitly means that PCell and PScell timing measurements should be close enough since a long time-lapse between the two measurements will cause timing drift to not meet the accuracy requirements. There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Observation 4.  There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Proposal 2. RAN4 to not capture limiting the time between acquisition of PCell timing and PSCell timing as they are implicitly enforced by delay and accuracy requirements.
Another open issue is what UE behavior should be when number of LBT failures exceed maximum value of L. In our view, since PSCell timing cannot be measured accurately in this scenario, the measurement should restart.
Proposal 3. If number of LBT failures exceed maximum value of L, the SFTD measurement should restart and the measurement timer should reset.
UE behavior in persistent LBT failure
One of the open issues from RAN4#92 meeting is the UE behavior in persistent LBT failure, i.e., when maximum number of missing reference signal occasions allowed (which is TBD) is crossed. Similar to SFTD measurements, our view is that for intra-frequency and inter-frequency RSRP/RSRQ/SINR/L1-RSRP measurements, if the required number of samples is not received by the time the maximum number of missing reference signal occasions allowed is crossed, UE should restart the measurement and the measurement timer should reset.
Proposal 4. For intra-frequency and inter-frequency RSRP/RSRQ/SINR/L1-RSRP measurements, if the required number of samples is not received by the time the maximum number of missing reference signal occasions allowed is crossed, UE should restart the measurement and the measurement timer should reset.
Conclusions
Observation 1. Unlicensed operations in sub 7 GHz extends to both mid bands (2.5 GHz) and high bands (5 GHz).
Observation 2. Unlicensed operations in mmW may be possible in the future for both FR2 range and beyond. 
Observation 3. Existing capability of per-FR vs. per-UE gap pattern is more suitable and forward-looking for NR-U compared to considering an independent gap pattern for unlicensed bands.
Proposal 1. RAN4 to not consider an independent gap pattern for unlicensed bands in Release 16.
Observation 4.  There is no signaling support to “request” UE to perform the measurements at a given proximity. And there is no way to test whether UE has performed the measurements close enough. All that can be tested is the accuracy of the measurement. 
Proposal 2. RAN4 to not capture limiting the time between acquisition of PCell timing and PSCell timing as they are implicitly enforced by delay and accuracy requirements.
Proposal 3. If number of LBT failures exceed maximum value of L, the SFTD measurement should restart and the measurement timer should reset.
Proposal 4. For intra-frequency and inter-frequency RSRP/RSRQ/SINR/L1-RSRP measurements, if the required number of samples is not received by the time the maximum number of missing reference signal occasions allowed is crossed, UE should restart the measurement and the measurement timer should reset.
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