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Introduction
In this contribution we discuss RRM specification structure for NR-U. From the WID, the following scenarios should be supported in release 16
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR  and NR-U 

Observation 1: NR-U is planned to be specified in a more diverse range of scenarios than LTE LAA
In addition, licenced operation of NR from release 15 also supports multiple scenarios i.e.:
· EN-DC operation (Dual connectivity between LTE (PCell) and NR (PSCell))
· SA operation (carrier aggregation in NR)
· NE-DC operation (Dual connectivity between LTE (PCell) and NR (PSCell))
· NR-DC operation (dual connectivity in NR)
Requirements for these scenarios are captured in both 36.133 (typically RRM requirements for an LTE cell, or in the case of interruptions requirements for an LTE victim cell)  and 38.133 (typically RRM requirements for an NR cell, or in the case of interruptions for an NR victim cell).
Given both observation 1 and the existing complexity of release 15 to support multiple licenced scenarios, it is important that RAN4 carefully considers the specification structure for adding NR-U to ensure that specifications do not become unreadable, or impossible to use to find the necessary information for designers.
Discussion
To determine a suitable specification structure, it is necessary to take a forward-looking view of how the requirements for NR-U might look. Naturally, this does not involve determining the exact details, but it is necessary to have a view on at least what types of requirements are going to be necessary from an RRM point of view to support NR-U.
In RAN1 and RAN2, it is preferred to reuse existing concepts from physical layer design and signaling as much as possible, while capturing exceptions as necessary. In general, the term “NR-U” should not be used in specifications, as it is an informal term to refer to unlicensed operation of NR.
From a RAN4 perspective, it is likely that many, or most requirements will be impacted by the LBT functionality of the gNB, since the UE can no longer assume the ubiquitous availability of reference signals. However, where an existing requirement is agreed to be applicable to unlicensed operation, it would be beneficial to extend the scope of the existing requirement rather than to create a new section with a duplicated / copy-pasted requirement for NR-U.
Considering the terminology aspects, RAN4 needs to discuss the specification language to use for requirements that are specific to unlicensed operation. As an initial proposal, we propose that modified requirements due to the lack of ubiquitous availability of reference signals could be referred to something like
Proposal 1a : NR-U specific requirements may be referred to such as “Requirements for … when each SSB transmission needs to be verified by UE …”
Alternatively, RAN4 could define a band group for all NR-U operating bands(5GHz,6GHz), and then specify band specific requirements for operations with the NR-U band group which allow for the  gNB LBT operation etc.
Proposal 1b : NR-U specific requirements may be referred to such as “Requirements for band group X”
If there is a need for different sub-groups (eg if different NR-U bands have different refsens) then a hierarchical band grouping such as X.1, X.2 etc could be developed. 
To keep the specification complexity reasonable, one initial observation is that NR-U will be specified only in 5GHz and 6GHz bands. Thus, there is no need for FR2 NR-U requirements.
Observation 2: NR-U will not be specified for FR2 in release 16
Based on this observation, it implies that there is no need to account for receive beamforming, or to consider FR2 in the discussion on specification structure.
In general terms, one main impact of unlicensed operations comes from listen-before-talk (LBT) functionality in the NR-U basestation. Although the exact details for NR-U are still under discussion in RAN1 we can assume for SSB/SMTC functionalities:
1. There will be a time window where SSBs are transmitted by serving and neighbor cells. From a measurement point of view this is similar to the concept of an SMTC; however for serving cell (L1)  procedures such as RLM, L1-RSRP measurement, CBD etc. there will also need to be a window during which the resources are provided, since the serving cell may be unable to access the channel at the exact time an SSB would ideally be transmitted, and the starting time of SSBs may be deferred
2. Since the starting time of SSBs of both serving and neighbor cells may be deferred, there needs to be a more dynamic mapping between SSB instances and the TX beams that they refer to. The details are for RAN1 to discuss and decide.
3. Due to LBT failure, the gNB (either serving or neighbor) may be unable to transmit during any given SSB window and hence, the UE needs to detect whether any transmission is present. For example, if a UE is making neighbor measurements and the neighbor does not transmit during a certain expected window (which we will refer to as SMTC, although the terminology may need to vary for NR-U) , the UE should not treat this missed transmission as a very low SS-RSRP when it comes to L1 filtering of measured values.
Similar considerations apply for CSI-RS; the gNB may not be able to transmit an expected CSI-RS at an exact time due to LBT so the CSI-RS may be deferred or not transmitted at all. Again, the exact details are open to RAN1 discussion.
Next, we consider the agreed scenarios, and speculate on the likely RRM requirements which will be developed for each scenario. We also provide more detailed views of necessary requirements for scenarios A-C in other contributions for the meeting; however here the intention is to provide a high-level view of requirements which are needed, and not the same or similar as existing requirements/
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.

This scenario is a licence assisted operation, conceptually somewhat similar to LTE LAA operation. From this perspective we can observe that the main areas of requirement impact are likely to be to NR-U SCell delay and interruption requirements in chapter 8.x of 38.133 and  measurement procedures for the NR-U SCells in chapter 9.x of 38.133. Clearly there can be no 36.133 impacts. One aspect which we would highlight, new compared with LTE LAA,  is that beam management is performed on SCells, so there is going to be impact to BM related requirements such as L1-RSRP. As UL may be transmitted on NR-U there may also be impact to TX timing related requirements, and both MRTD and (for the case of DL+UL) MTTD will need to be specified.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

Since scenario B uses a licenced LTE PCell, there will be significant impact also in 36.133. Many aspects which have been considered for EN-DC will need to be modified considering NR-U operation of the PCell including PSCell activation delays and interruptions and interRAT measurements. In addition, RLM procedures need to be specified for the PSCell (in 38.133) as well as requirements for measurement procedures for both L1 and L3 measurements.

· Scenario C: Stand-alone NR-U

In our view, stand-alone NR-U has quite far reaching impact to 38.133, since idle and inactive modes need to be supported, and basically all existing licenced NR requirements including idle mode, inactive mode,  handover/PCell change. Effectively, the standalone NR-U operation is like a modified version of NR, and modified variants of most RRM requirements can be anticipated. On the other hand, there is no impact to LTE specifications from scenario C, unless LTE interRAT measurements of NR-U are expected (FFS).

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band

This scenario is effectively an extension of scenario C. Downlink based requirements from scenario C can likely be reused in scenario D, but uplink timing requirements may need to be considered separately since the UL is transmitted to a licenced band. On the other hand, the downlink timing tracking and TA commands are delivered from the standalone NR cell in the unlicensed band, so there may be relatively little that is done differently from scenario C from a UE transmission perspective.

· Scenario E: Dual connectivity between licensed band NR  and NR-U 
This scenario has commonalities with scenario A, but the additional requirements associated with dual connectivity rather than CA need to be considered – for example different DRX cycle and state machines, RLM on PSCell, MRTD for  and so on.

From the above description we can observe 
Observations 3 : On requirements, it can be observed
a. Almost all NR RRM requirements may be impacted by NR-U operation, at least for some scenarios
b. For scenario B, there will be impact to 36.133 requirements
c. In 38.133 some NR-U requirements will only be applicable in certain NR-U scenarios

To try to ensure a clean and readable format for the specifications, we propose
Proposal 2: New sections are introduced for band group X specific requirements at the end of relevant chapters of 38.133 and 36.133 and band group X is excluded from existing requirements unless they are not impacted by NR-U operations.
Proposal 3: Within the new sections implied by proposal 2, different subsections are created to capture requirements for NR-U scenarios A-E (as relevant)
The formal naming for scenarios is proposed as
· Carrier aggregation between licensed band NR PCell and band group X SCell(s)
· Dual connectivity between licensed band LTE PCell and group X PSCell
· Stand-alone and group X operation
· Stand-alone NR cell in band group X with UL in licensed band
· Dual connectivity between licensed band NR  and NR using band group X 

Proposal 4: To avoid excessive duplication of similar text, it is encouraged that text added in the new subsections refers to another unlicensed requirement if the unlicensed requirement is numerically identical to the other unlicensed requirement
Proposal 5: LTE requirements for scenario B are included in 36.133 following a similar approach as for 38.133
This may be illustrated by some examples. 
· Suppose that it is agreed that SS-RSRP accuracy is the same for unlicensed bands as for licensed bands. Then the existing text describing SS-RSRP accuracy also includes band group X, although side conditions likely need to be dealt with separately.
· Suppose that it is agreed that measurement period for band group X SCells in scenario A) is the same as for band group X SCells (or even PCell) in scenario C. Then the text describing measurement period for scenario A might refer to the text for scenario C.
At any rate, the proposals should be considered as guidelines to avoid unnecessary redundancy compared to the licensed NR and between NR-U scenarios but there can be no hard and fast rule until the individual requirements are discussed and agreed.
Conclusion
Proposal 1a : NR-U specific requirements may be referred to such as “Requirements for … when each SSB transmission needs to be verified by UE …”
Alternatively, RAN4 could define a band group for all NR-U operating bands(5GHz,6GHz), and then specify band specific requirements for operations with the NR-U band group which allow for the  gNB LBT operation etc.
Proposal 1b : NR-U specific requirements may be referred to such as “Requirements for band group X”
Proposal 2: New sections are introduced for band group X specific requirements at the end of relevant chapters of 38.133 and 36.133 and band group X is excluded from existing requirements unless they are not impacted by NR-U operations.
Proposal 3: Within the new sections implied by proposal 2, different subsections are created to capture requirements for NR-U scenarios A-E (as relevant)
The formal naming for scenarios is proposed as
· Carrier aggregation between licensed band NR PCell and band group X SCell(s)
· Dual connectivity between licensed band LTE PCell and group X PSCell
· Stand-alone and group X operation
· Stand-alone NR cell in band group X with UL in licensed band
· Dual connectivity between licensed band NR  and NR using band group X 

Proposal 4: To avoid excessive duplication of similar text, it is encouraged that text added in the new subsections refers to another unlicensed requirement if the unlicensed requirement is numerically identical to the other unlicensed requirement
Proposal 5: LTE requirements for scenario B are included in 36.133 following a similar approach as for 38.133
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