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Introduction
RAN4#92 discussed independent measurement gaps for NR-U
	· Independent measurement gaps for NR-U:
If we have dedicated measurement gaps for NR-U, this allows for having independent CSSF for measurements within these gaps
Analyze the benefits and drawbacks until RAN4#93 (e.g., reduced measurement time for NR-U measurements, without increasing the measurement time for other measurements, etc.)


In this contribution we provide further analysis of the benefits and drawbacks in line with the way forward.

Discussion
Before discussion of the benefits and drawbacks, we think it is useful to review the proposals which we have earlier provided on this topic, so that there is a common understanding for the discussion.
· In a similar was as for per FR gaps, UEs supporting this capability would be able to support licensed NR (e.g. FR1) and NR-U measurements using independent gap patterns
· UEs would not be expected to perform gap based measurements with 3 simultaneous independent gap patterns such as for measurement of FR1, NR-U and FR2
· Independent CSSFwithin_gap,i scaling would be specified for the independent gap patterns
· Supporting the capability or capabilities would be optional; the exact details of suitable capabilities are FFS 
· The capability could also include some of the gap pattern parameters (periodicity, offset etc.) being common between the independent gap patterns
We now turn our attention to the benefits and drawbacks of independent gap patterns for NR-U measurements
Benefits of independent gap pattern
Deployments on unlicensed bands are typically unplanned, or less planned that operator deployments on licensed bands. NR-U deployments will coexist with WIFI deployments, and the proper coexistence is achieved by LBT functionality rather than careful network planning. NR-U sites are likely to be small cells for hotspot deployments etc. 
In addition, one important way to avoid interference on unlicensed bands is to operate on a frequency not overlapped by a significant aggressor system. The existence of an aggressor on a given operating frequency can be established by several means including gNB measurements, UE measurements of channel occupancy or RSSI, counting LBT failure rate and so on. To mitigate a channel frequency which is overloaded and often unavailable, an NR-U access point may change to a different channel frequency.
For this reason, it is likely that a relatively large number of NR-U operating frequencies may need to be provided in neighbour lists to NR-U capable UEs
Due to the unplanned nature of NR-U deployment, it is likely that a relatively large number of NR-U operating frequencies (interfrequency/interRAT) may need to be provided to NR-U capable UEs in neighbour lists
Another aspect of NR-U operation is that UE RRM performance is typically worse on an unlicensed band than on a licensed band. This is particularly due to the LBT operation, which means that the UE must both hypothesize that selected reference symbols (e.g. SSB, CSI-RS) may not be present in every reception opportunity, and due to the loss of reference symbols themselves in LBT operations. This means that many RRM delays are extended for a carrier frequency where CCA is used, compared with carrier frequencies where CCA is not used.
Finally, the deployment of NR-U cells does not take away the need for licensed carrier measurements which provide a good and seamless mobility experience especially in areas where NR-U is unavailable.
The system needs for RRM on licensed carriers are typically not relaxed when NR-U is deployed.
Taking observations 1-4 together, it is clear that RRM delays may become larger when NR-U is deployed. Of particular concern is the impact to licensed cell mobility, although the additional delays when moving between NR-U nodes is also relevant. Due to CSSF scaling of gap based measurements, measurements of unlicensed carriers will impact the measurement of licensed carriers (and vice versa) whenever there is partial or full overlap between the SMTCs. Due to the need to match SMTCs to measurement gaps, it is not easy to avoid overlap between licensed and NR-U SMTC patterns.
Observation 1: Independent gap patterns allow 
· Shorter measurement delays for both licensed and unlicensed bands,
· Fewer gap interruptions on both licensed or unlicensed serving cells, particularly if only one type of carrier needs gap based measurements
· Independent parameterization of gaps for NR and NR-U which can be matched to different deployment configurations (e.g. large versus small cells)
Drawbacks of independent gap patterns
For drawbacks of independent gap patterns, there were a few aspects raised in [2]. Firstly, it is indicated that there may be shared RF components between mid-band (2.5GHz) and high band (5GHz such as NR-U) such that independent gap patterns are not feasible. It is certainly not our intention of independent gap patterns to create additional RF combinations which are mandatory to support. One aspect to consider is what kind of capabilities to consider, such that as many as possible UEs are able to support independent gap patterns. Based on the discussions in [2], it could be beneficial to consider that the capability to support independent gap patterns e.g. for 5GHz NR-U would depend on what other serving frequencies were in use by the UE, rather than just having a single one bit indication that independent gap pattern is possible or not.
The other aspect raised in [2] is that “unlicensed operations in mmW may be possible in the future for both FR2 range and beyond.” Clearly it is difficult to speculate on requirements for future NR-U bands, however we agree that there is likely to be much more diverse spectrum for both NR-U and NR operation in future, as there is, for example an ongoing RAN4 study on 7-24GHz, as well as NR-U on 56-71GHz or 37-37.6GHz as discussed in [2]. In the proposals for independent gaps we were trying to avoid scenarios where UEs are expected to concurrently support configuration with a large number (such as greater than 2) independent gap patterns from independent FR1+NR_U+FR2. Considering the diverse spectrum which is likely to be used in the future for 5G operation, and the fact that there is a clear need to operate NR and NR-U spectrum together in either carrier aggregation or dual connectivity configurations, we do not agree that just having two gap pattern groups, one for sub 6GHz and one for all mm-wave bands is a future proof solution either.
It is not possible to agree either what will, or what will not be done in a future release but it is possible to consider that, for example, licensed mm-wave and 56-71GHz unlicensed mm-wave are somewhat different frequencies for which different antenna arrays and RF chains may be used, and for which there would be a case for measuring with independent gap patterns. Given that there could be a concern of concurrently supporting FR1, NR-U, FR2 and 60GHz gap patterns, technical solutions could be discussed in a future work item, similarly as we have raised the issue of FR1+NR-U+FR2 measurements with independent gap patterns in the release 16 work item. Our view is that simply applying a gap pattern to a whole frequency range (which is a possible conclusion from [2]) does not really address the situation that there may be many measurement objects of different types and with different needs in one frequency range, while the bands themselves may be sufficiently diverse to allow implementation with independent RF.
Observation 2: for Independent gap patterns
· UE capabilities need to be carefully considered to ensure that as many as possible UE can support independent gap patterns
· UE capabilities may become more complicated
In conclusion, since there seem to be significant advantages for independent gap patterns, but some further work is necessary for capabilities, we propose
Proposal 1 : Independent gap patterns for release 16 NR-U bands are agreed as a UE capability or capabilities
Proposal 2 : RAN4 further discusses the suitable capabilities so that independent gap patterns for release 16 NR-U bands are implementable in practical use cases.
Conclusions
[bookmark: _GoBack]In this paper we have observed and proposed:
Observation 1: Independent gap patterns allow 
· Shorter measurement delays for both licensed and unlicensed bands,
· Fewer gap interruptions on both licensed or unlicensed serving cells, particularly if only one type of carrier needs gap based measurements
· Independent parameterization of gaps for NR and NR-U which can be matched to different deployment configurations (e.g. large versus small cells)
Observation 2: for Independent gap patterns
· UE capabilities need to be carefully considered to ensure that as many as possible UE can support independent gap patterns
· UE capabilities may become more complicated

Proposal 1 : Independent gap patterns for release 16 NR-U bands are agreed as a UE capability or capabilities
Proposal 2 : RAN4 further discusses the suitable capabilities so that independent gap patterns for release 16 NR-U bands are implementable in practical use cases.
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