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1. Introduction
RAN2 has made several agreements on Idle and Inactive mode procedures for NR-U. There are several FFS issues captured in these agreements. In this contribution, we discuss these and other open issues for Idle/Inactive mode procedures.

2. Discussion
The following are Idle/Inactive mode procedures related agreements in RAN2 so far:

RAN2 #102 [1]
· NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

· Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 

· Multiple beam operation and related procedures should be studied.

· RAN2 will also consider all the bands included in RAN1 study.

RAN2 NR AH-0718 [2]:

· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· 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. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

· We assume there may be multiple PLMNs on one frequency (that do not share)

RAN2#103 [3]:

· Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U, e.g. both TDM and FDM can be considered. 

· The UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN. FFS how this is achieved. FFS if any additional conditions are required. 

· RAN2 assumes that the impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications. RAN2 assumes this is studied by RAN1/RAN4 if needed. 

--------------------
It is known that PCI confusion and collision will be exacerbated for NR-U since different operators can deploy gNBs without any coordination between them. In Idle/Inactive mode, this will be a problem for cell reselection. In licensed systems, the UE always attempts to camp on the best cell according to channel quality metrics and offsets configured by the network. It was agreed in RAN2#103 that this will not be possible when the best cell does not belong to the registered PLMN and thus the UE will have to camp on the best cell within the registered PLMN.
One immediate question is how the UE can determine if a cell belongs to the registered PLMN or not. The easy option from specification point of view is to rely on UE reading SIB1. However, this is very costly for UE power where reading SIB1 from each potential neighbor cell will bring a significant battery impact. Given that the UEs spend most of their time in Idle mode, this should be avoided at any cost. The situation will be even worse for Connected mode where long measurement gaps will be needed for this purpose which will also degrade performance.
Observation 1: For detection of PLMN of neighbor cells, relying of SIB1 decoding is not acceptable from UE power point of view.

Observation 2: SIB1 decoding will also require long measurement gaps in Connected mode which will degrade UE throughput.
Therefore, a solution which does not rely on SIB1 decoding is necessary. 
Proposal 1: RAN2 should consider solutions to differentiate PLMNs without reading SIB1.
RAN2 also agreed to allow more paging opportunities per DRX cycle to increase the chances of successful paging transmissions considering the LBT failures. This can be done in TDM and FDM. Usage of POs in different frequencies is dependent on how LBT in different carriers are done. RAN1 is considering wide-band and sub-band LBT as well as multiple BWP options. Therefore, RAN2 should wait for these decisions before considering the FDM option.

Observation 3: Since configuring multiple PO via FDM depends on how LBT is performed in different carriers (or sub-bands or BWPs) and this is being discussed in RAN1, RAN2 should wait for RAN1 progress.

For the TDM option, the first essential point is that the paging opportunities should be as close to SSB transmissions as possible so that a new LBT is not needed. This is similar to the “default association” configuration in licensed NR. Such mechanism also reduces the UE wake up time and thus reduces power consumption. 
Proposal 2: Agree that transmission of paging close to the reference signals is beneficial for both to improve channel access and UE power consumption.
In addition, paging as many users as possible is beneficial for the same LBT reason. Therefore, a “clustered” paging mechanism is preferable.

Proposal 3: Agree that configuring POs for different users close in time as opposed to spreading them in time is preferable.

The multiple paging opportunities in TDM can be accomplished by assigning multiple POs to the same UE or configuring a longer PO (e.g. a window). This way, the UE can get more chances when the first PO fails due to LBT.
Proposal 4: Agree that multiple paging opportunities can be configured by assigning multiple PO to the same UE or by a longer PO window.

Assuming that RAN1 agrees that reference signals can be transmitted in a floating manner (the transmission times can shift depending on LBT success) and/or opportunistically (outside the fixed periodicities), a related question is whether the PO should also move in time with the reference signals. If we use both default and non-default association for NR-U, then it is reasonable that PO should follow the reference signal in time for default association, i.e. PO should also float. For non-default association, the paging search space is configured completely independently from reference signals so additional work will be needed. 
Proposal 5: For default association, adjusting PO times according to actual reference signal transmission times is beneficial. RAN2 should discuss how a similar mechanism can be used for non-default association.

3. Conclusion
In this contribution, discussed some open issues in Idle/Inactive mode and propose the following:
Observation 1: For detection of PLMN of neighbor cells, relying of SIB1 decoding is not acceptable from UE power point of view.

Observation 2: SIB1 decoding will also require long measurement gaps in Connected mode which will degrade UE throughput.

Proposal 1: RAN2 should consider solutions to differentiate PLMNs without reading SIB1.

Observation 3: Since configuring multiple PO via FDM depends on how LBT is performed in different carriers (or sub-bands or BWPs) and this is being discussed in RAN1, RAN2 should wait for RAN1 progress.

Proposal 2: Agree that transmission of paging close to the reference signals is beneficial for both to improve channel access and UE power consumption.

Proposal 3: Agree that configuring POs for different users close in time as opposed to spreading them in time is preferable.

Proposal 4: Agree that multiple paging opportunities can be configured by assigning multiple PO to the same UE or by a longer PO window.

Proposal 5: For default association, adjusting PO times according to actual reference signal transmission times is beneficial. RAN2 should discuss how a similar mechanism can be used for non-default association.
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