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[bookmark: _Ref462918989]During RAN2#103 in Göteborg, there was a discussion on challenges for NR-U due to LBT including beam/cell-level mobility use cases, mobility scenarios, possible solutions and their respective benefits based on R2-1812371 [1]. RAN2 agreed to continue the discussion by email to at least ensure TR 38.889 includes all relevant material. The scope of the discussion is as follows.
[103#56][NR-U] Connected Mode Mobility (Interdigital)
	Intended outcome: Report. Description of Connected Mode Mobility Cases and Challenges for NR-U, Tentative Solutions except those covered in the NR Mobility WI, and their expected benefits. Identify Agreeable TP and items for further study.
	Deadline:  Next meeting

A discussion document [2] circulated together with the email discussion pointed out the issue of transmission uncertainty for reference signals due to LBT in NR-U. Since the baseline NR RRM measurements are based on NR-SS and CSI-RS, the UE may have fewer samples to measure on due to LBT, which may lead to less accurate (if too few samples) and/or delayed UE measurements and event triggers. Most of the companies agree this is an issue and the following rapporteur TP was agreed to be captured in the TR at RAN2#103bis meeting, based on the consensus among the companies. 
	7.2.2.3.1	RLM/RLF and mobility (conn mode)
…
For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalings due to LBT failure.
The following modifications to mobility-related procedures have been identified as beneficial:
- Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and CSI-RS transmission opportunities due to LBT failure.



However, another TP regarding to the missing measurement was also agreed at RAN2#103bis, which mentions “the handling of missing measurements due to LBT are expected to be captured at physical layer”. Although connected mode mobility mainly handles non-serving cell and RLM/RLF handles serving cell measurement, we think such description is not so aligned with the previous sentences “changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced” in the same section.
	7.2.2.3.1	RLM/RLF and mobility (conn mode)
…
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. 
The RRM and RLM framework for NR-U will also support multiple beam operation.
For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurements due to LBT are expected to be captured at physical layer.



In view of this, we analyse the possible handlings at physical layer for the reduce SS/PBCH block and CSI-RS transmission opportunities, and discuss the possible impact to L3 specification based on the analysis. 
[bookmark: _Ref178064866]Discussion
Currently RAN1 is making some progress on how to handle the reduced/dropped SS/PBCH blocks (as the DRS) by considering to increase the candidate SS/PBCH block positions within the DRS transmission window, or to wrap/shift the dropped SS/PBCH blocks to the next transmission opportunity. However, even with such enhancement, it is still very likely that the UE will obtain much less DRS samples in a congested channel than the UE can obtain in a non-congested channel. As a result, the accuracy of one measurement may differ significantly from that of another measurement. 
Observation 1: It is more likely the measurement result in NR-U is less accurate compared to the measurement result in NR licensed, due to LBT failure. 
From network point of view, it could be problematical if the network make the handover decision purely based on the measurement results (RSRP/RSRQ) without being aware of the measurement accuracy. For instance, it is not a good idea to handover a delay-sensitive UE to the cell having good RSRP, but residing in the channel which is often occupied by other systems.  
Observation 2: It could be problematic if the network make the handover decision purely based on the measurement results (RSRP/RSRQ) without being aware of the measurement inaccuracy caused by the congestion of the carrier. 
In view of this, it is beneficial if the RRM measurement for NR-U can provide not only the measurement result but also the measurement accuracy information associated with each measurement result. To do this, there are several enhancement options which can be considered while designing the L1 filtering. 
Option 1: L1 filtering generates A1 (the output from L1 filtering) by linearly averaging only the DRS samples above the L1 power threshold, and associates an accuracy (or congestion) indication with A1. 
Option 2: L1 filtering takes into account the dropped DRS samples while generating A1 (the number of dropped DRS samples affect the value of A1).
Option 3: L1 filtering doesn’t provide A1 to L3 if L1 filtering considers the A1 is not accurate enough (or equivalently lowest measurement value may be given to L3).
Option 1 clearly has the direct impact to the RRC specification as the L3 component (L3 filtering, evaluation of reporting criteria) needs to consider how to utilize such additional information. Option 3 also has some impact to the L3 filtering design as L3 filtering needs to consider how to generate the output at the time when L1 filtering doesn’t provide A1. Option 2 might have the minimal impact to RRC as well as to the network, but it also provides less information compared to option 1 and 3. Also, as L1 filtering window length is generally short and uncontrollable by the network, depending on how often DRS is sent, option 2 may or may not be reasonable.
Based on the above analysis, we think it is still too early to say that the handing of missing measurements due to LBT are expected to be captured only at physical layer, since there could be some impact to L3 specifications depending on which direction the physical layer design will head to. 
Proposal 1: The handling of missing measurements due to LBT can impact both the physical layer and RRC specification.
If RAN2 can agree on Proposal 1, TR 38.889 needs to be modified according to the following TP. 
Proposal 2: To adopt the TP proposed in this paper.

TP to TR 38.889
7.2.2.3.1	RLM/RLF and mobility (conn mode)
…
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. 
The RRM and RLM framework for NR-U will also support multiple beam operation.
For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurements due to LBT are expected to be captured at physical layer specifications.
In addition to the existing measurement quantities, channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful.
Conclusion
In this paper, we analyse the possible handlings from L1 filtering for the reduce SS/PBCH block and CSI-RS transmission opportunities, and have the following observations. 
Observation 1: It is more likely the measurement result in NR-U is less accurate compared to the measurement result in NR licensed, due to LBT failure. 
Observation 2: It could be problematic if the network make the handover decision purely based on the measurement results (RSRP/RSRQ) without being aware of the measurement inaccuracy caused by the congestion of the carrier. 
Based on the observation, RAN2 is kindly asked to discuss and approve the following proposal. 
Proposal 1: The handling of missing measurements due to LBT can impact both the physical layer and RRC specification.
Proposal 2: To adopt the TP proposed in this paper.
References
R2-1812371, “Connected mode mobility in NR-U”, Ericsson
R2-1814024, “Summary of [103#56][NR-U] Connected Mode Mobility (InterDigital)”, InterDigital.
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