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1	Introduction
A WI on NR-based Access to Unlicensed Spectrum [1] was approved in RAN Meeting #82. This WI was based on the findings in “Study on NR-based Access to Unlicensed Spectrum”, which are summarized in [2], considering operation in below 7GHz bands. The design target of the WID is to specify a single global solution for NR-based access to unlicensed spectrum, compatible with the NR concepts, reusing the features of NR as much as possible. NR-U will guarantee fair access to the unlicensed spectrum with Listen-Before Talk (LBT) mechanism, using the mechanism in LTE-LAA as baseline for 5 GHz, and as a starting point of the design for operation in the 6GHz band [2].
In RAN 4 #90 bis, the discussion of the impact of NR-U on the RRM requirements was started. In the agreed work plan and in the WF[4], the discussion in RAN#91 should comprise, among others [3]:
· [bookmark: _Hlk3369518]Survey on latest agreements in RAN1 and RAN2 which will impact RRM core work
· Initial discussion on RRM requirements for NR-U serving frequency layers based on latest RAN1 and RAN2 agreements
In this contribution, we address relevant RAN1 and RAN2 agreements and discuss RRM requirements for NR-U. Following what was agreed in the Way Forward in RAN4 #90bis [4], in this contribution we discuss the SSB-based measurement and procedures, since the CSI-RS based ones are still subject to further decisions in other groups.
[bookmark: _Hlk7682270]2	Discussion
As discussed in [6], the main difference between Rel 15 NR, and NR-U, in terms of measurements is that in unlicensed spectrum UEs cannot assume the periodic transmission of reference signals, due to the possibility of LBT failure. In that case, periodic signals, such as the the SS and PBCH block (SSB) might either be dropped or delayed due to the temporarily unavailability of the channel.
In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of LBT, which may cause the transmissions to be either dropped or delayed.
In order to account for the uncertainty of channel access for the transmission of DRS, while still maintaining a periodic window in which the transmission of SSBs might occur, RAN1 has defined the term DRS transmission window. The DRS transmission window is a period within which the UE can expect – but not assume – the transmission of DRS.
RAN1 has defined a DRS transmission window, i.e, an interval of time where the SSBs are expected to be transmitted, to account for the irregular transmission of SSBs.
RAN1 is still discussing the DRS, and the DRS transmission window designs.
Though the topic is still under discussion, some agreements about the DRS and DRS transmission window design are given below:
	Agreement RAN1#96:​
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows​
· Alt1: The PBCH DMRS sequence index is also the same​
· Alt2: The PBCH DMRS sequence index may be different​
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame​
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
Agreement RAN1# 96 bis: ​
· For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
· UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).
Agreement:​
· The maximum DRS transmission window duration is 5 ms.​
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.​
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.​
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.​




In the agreements above, RAN1 has defined a maximum number of candidate SSB positions within a DRS transmission window. RAN1 is still discussing the possibility of SSB repetition. Having multiple candidate positions, and/or repeating SSB transmissions, may help reducing the probability of missing the DRS transmission opportunities; however, the actual transmission can still not be guaranteed at the UE. In NR, many measurements are defined based on the periodicity of SSBs. 
In the definition of requirements, RAN4 to consider that reference signals might not be present during the measurement period.
One issue for RRM that arises from the LBT procedure failure is how to handle missing L1 samples during the evaluation periods. In NR Rel 15, measurement requirements are defined assuming overlapping between SSB or CSI-RS transmissions, DRX, measurement gaps and SMTC windows. After initial access, it is expected that the UE is aware of the DRS transmission characteristics in serving and neighbor cells, including DRS timing. Regarding this, there are some opened aspects to be defined: 
· The DRS transmission window distribution between serving and neighbour cells. 
· Different SMTC configurations for intra and inter-frequency measurements
· SMTC duration and periodicity.
In RAN2 #105bis, RAN2 has discussed the topic of connected mode measurements, in [5]. In RAN2 #105 bis, they reached the following agreements (captured in the Chairman notes, to be agreed in RAN2 #106, which is parallel to RAN4 #91):
	Agreement:​
· R2 assumes that missing measurements due to LBT failures do not impact the R2 specification of L3 filtering and the subsequent steps. 
· Handling of delayed SSB transmissions due to LBT does not impact L3
· RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U
· Measurement and reporting of WLAN nodes are not supported in NR-U



RAN2 assumes that missing measurements due to LBT failure do not impact the RAN2 specification, and should be handled by layer 1.
Though L1 filtering details are specific to UE implementation, the performance requirements, and evaluation periods are specified by RAN4 specs. Therefore, it is up to RAN4 to handle the missing measurements due to LBT, and adjust the measurement requirements accordingly, to cope with the loss of L1 samples during the measurement period. The same observation applies in case multiple beams are supported for cell-quality indication.
Missing L1 samples will impact measurement procedures and accuracy.
RAN4 to study the impact of missing L1 samples due to LBT failure and how to handle it in the definition of measurements procedures and accuracy.

2.1 Idle and Inactive mode measurement requirements
Currently, NR idle and inactive state mobility requirements are based on measurements of SS-RSRP and SS-RSRQ. Considering cell reselection requirements, the evaluation of the serving cell selection criterion S is done at least once every 1 or 2 DRX cycles (FR1), using at least 2 measurements for filtering. Though RAN2 assumes that connected and idle mode measurements will follow the same Rel-15 NR framework, it is still confirming this in more detail and discussing necessary extensions for NR-U operation for cell selection/reselection, therefore, it is still early for RAN4 to determine if the current requirements can be reused, or if new requirements are needed.
RAN2 is still discussing necessary extensions for NR-U operation for cell selection and reselection.
However, disregarding the decision of RAN1 of the final design of the DRS and the DRS transmission window, and the RAN2 decision about cell selection and reselection procedures, in NR-U, it is not possible to guarantee at the UE that the DRS was transmitted during the DRX ON period. Therefore, the requirements of NR-U need to be defined considering that at least one DRS is effectively transmitted during the DRX ON period. The same would be applicable for measurements on intra and inter-frequency NR-U cells.
Disregarding RAN1 and RAN2 decisions, and the final cell reselection requirements, the applicability of idle and inactive mode requirements should be conditioned to at least one DRS occasion occurring within the UE DRX ON period.
In the definition of cell reselection requirements for NR-U, the applicability of requirements should be conditioned to at least one DRS occasion occurring within the UE DRX ON period.

2.2 Radio Link Monitoring
In NR, both SSB and CSI-RS can be considered as RLM reference signals (RLM-RS). In licensed spectrum, each RLM-RS is evaluated during an evaluation period, which is defined based on the overlapping of the transmissions of RLM-RS, SMTC windows, the periodicity of DRX and measurement gaps. Every indication period, the UE indicates the in-sync (IS) and out-of-sync (OS) status to upper layers. 
In unlicensed spectrum, the periodicity of RLM-RS cannot be guaranteed. Furthermore, the UE cannot differentiate if the OOS condition is met because the channel quality is bad, or because the transmission of RLM-RS was blocked by LBT failure
In NR, RLM requirements were defined considering the periodicity of RLM-RS.
In NR-U, the regular transmission of RLM-RS cannot be assumed.
.  Concerning RLM, RAN1 #96 had the following agreements:
	Agreement:​
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations. 
. FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window 
. FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations. 
. FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window. 
· FFS: Mechanism to handle missing RLM-RS due to LBT failure 




Enhancements on the RLM-RS, as well as which set of measurements can be used for in-sync and out-of-sync evaluations, are still under discussion in RAN 1 and 2.  The outcome of these discussions will impact the definition of requirements in RAN4, which are currently based on the periodicity of RLM-RS. Furthermore, as in the RRM requirements, RAN4 needs to study and define requirements for cases where RLM-RS samples are missing. 

RAN4 to discuss how to count and how to consider both the detected and missed RLM-RS within the DRS transmission window for IS and OOS indications, and wait for the decision about RLM-RS signals transmitted outside of the DRS transmission. 
3. Conclusions
[bookmark: _GoBack]In this document, we discussed RRM requirements for NR-U. Based on the discussions, we make the following proposals and observations:

1. In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of LBT, which may cause the transmissions to be either dropped or delayed.
1. RAN1 has defined a DRS transmission window, i.e, an interval of time where the SSBs are expected to be transmitted, to account for the irregular transmission of SSBs.
1. RAN1 is still discussing the DRS, and the DRS transmission window designs.
1. RAN2 assumes that missing measurements due to LBT failure do not impact the RAN2 specification, and should be handled by layer 1.
1. Missing L1 samples will impact measurement procedures and accuracy.
1. RAN2 is still discussing necessary extensions for NR-U operation for cell selection and reselection.
1. Disregarding RAN1 and RAN2 decisions, and the final cell reselection requirements, the applicability of idle and inactive mode requirements should be conditioned to at least one DRS occasion occurring within the UE DRX ON period.
1. In NR, RLM requirements were defined considering the periodicity of RLM-RS.
1. In NR-U, the regular transmission of RLM-RS cannot be assumed.

1. In the definition of requirements, RAN4 to consider that reference signals might not be present during the measurement period.
1. RAN4 to study the impact of missing L1 samples due to LBT failure and how to handle it in the definition of measurements procedures and accuracy.
In the definition of cell reselection requirements for NR-U, the applicability of requirements should be conditioned to at least one DRS occasion occurring within the UE DRX ON period.
RAN4 to discuss how to count and how to consider both the detected and missed RLM-RS within the DRS transmission window for IS and OOS indications, and wait for the decision about RLM-RS signals transmitted outside of the DRS transmission. 
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