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1 Introduction
Cell selection [1] is the procedure through which a UE picks up a specific cell for initial registration after power on. On the other hand, cell reselection is the mechanism to change cell after UE is camped on a cell and stay in IDLE mode. Cell selection and reselection in NR-U will be different from NR in two major aspects, as mentioned below:

1. Unlike NR, in NR-U all cells in the unlicensed spectrum might belong to different PLMNs. 
2. Deployment of unlicensed spectrum might be un-planned. Thus, while camping on an unlicensed carrier, a UE might suffer from heavy channel load and interference from other unlicensed UEs and various other network nodes, like WiFi.

One major objective of cell selection is to quickly camp on to a candidate cell after initial power on. On the other hand, cell reselection is a continuous process through which UE searches and camps on a better cell than its current cell. Hence, as the purpose of cell selection and reselection have quite different objectives, the corresponding solutions will also be different. In this contribution, we introduce suitable cell selection and reselection mechanisms for efficient cell selection/reselection in NR-U. We also provide a corresponding TP in the Annex.  
2 Cell Selection in NR-U
In licensed NR spectrum, all cells in a particular frequency belong to same PLMN. Naturally, a UE normally camps on to the strongest cell of a particular carrier. However, in unlicensed spectrum the strongest cell of a carrier might belong to a different PLMN. Thus, it is agreed upon in 3GPP RAN 2 that, in NR-U, the UE will not camp on the strongest cell, if the strongest cell does not belong to its same PLMN.
Based on the above agreement, we can say that during initial cell selection, UE can use NR’s cell selection criteria (Srxlev > 0 AND Squal > 0) as the baseline. Moreover, it has also been decided and agreed upon in 3GPP RAN 2 that additionally the UE needs to check the cell’s PLMN information to make sure that it selects a cell belonging to its own PLMN; otherwise the UE will not consider the cell and choose next candidate cell (typically the next strongest cell). As the primary goal of cell selection is to quickly select and camp on to a candidate cell, we believe that apart from the measurements already mentioned in 3GPP 38.304 NR standards, there is no additional measurement required for cell selection in NR-U. 

Proposal 1: Cell selection in NR-U will use cell selection criteria of NR as the baseline. Apart from the existing RSRP and RSRQ like measurements, there is no need of additional measurement for cell selection in NR-U. 
  
3 Cell Reselection in NR-U

As mentioned before, cell reselection is the mechanism to change cell after UE is camped on a cell and stay in IDLE mode. In unlicensed spectrum, while camping on an unlicensed carrier, a UE might suffer from heavy channel load and interference, created by other unlicensed UEs and different other network nodes, like WiFi. The ultimate goal of cell reselection is to select a suitable cell, such that the UE’s can successfully perform random access and camp on to the selected cell. For successful random access in NR-U, UE needs to successfully complete the LBT. High channel load and increased channel occupancy can significantly increase the chance of LBT failure, thereby increasing the delay and failure of random access. Thus, we think that the cell reselection procedure should be enhanced to consider the unlicensed channel load. Cell reselection typically consists of three major steps:

1) Measurement triggering condition
2) Absolute priorities
3) Ranking for reselection Criteria

In the following subsections we discuss how these reselection steps need to be updated for NR-U.

[image: ]
[bookmark: _Ref528224423]Figure 1: Considering channel load for inter-frequency cell reselection

3.1 Measurement Triggering 

Cell reselection in NR licensed spectrum is not triggered when the received signal power and received signal quality remains above the threshold, i.e. Srxlev > SIntrasearchP AND Squal > SIntrasearchQ. However, as unlicensed cells might get overloaded with different unlicensed UEs and WiFi nodes. On the other hand, as shown in Figure 1, some other cell, in a different un-licensed frequency, might have a relatively low load. Thus, we think the channel load (Sload) of the current cell needs to be considered for measurement triggering of inter-frequency cell reselection. Hence, we propose that cell reselection measurement should not be triggered if:  
Srxlev > SnonIntrasearchP AND Squal > SnonIntrasearchQ AND Sload < SnonIntrasearchCR.

where UE can estimate the channel load, Sload, by using some form of channel quality (load or occupancy) measurements. For example, UE can use a measurement similar to channel occupancy ratio (CR) measurements, with subsequent L3 filtering, as mentioned in 3GPP 36.214 LAA standards [2]. However, the final decision regarding the specific unlicensed channel quality or occupancy metric is left to RAN-1. Similar to SIntrasearchP and SIntrasearchQ UE will receive the threshold value Snon-IntrasearchCR in System Information Broadcast (SIB).

Proposal 2: Measurement triggering for inter-cell reselection will consider some type of unlicensed channel quality metric. RAN-2 recommends the use of channel occupancy ratio (CR) metric similar to LAA. However, the final decision regarding the specific unlicensed channel quality (e.g. channel load) metric is left to RAN-1.
 
3.2 Reselection Priorities

UE will receive the absolute priorities of different frequencies in SIB. The UE will use these priorities in the same way as NR. However, RAN-2 needs to discuss if some restrictions are needed to impose for preventing any particular NR-U frequency.

Proposal 3: Frequency-specific priorities should be kept similar to NR. 


3.3 Cell Ranking for Reselection

In NR licensed, cell ranking criteria Rs for serving cell and Rn for neighboring cells are estimated only by using the RSRP of the serving and neighbouring cells (with offset and hysteresis) using the following formula [1]:

Rs = Qmeas,s + QHyst – Qoffsettemp,  and  Rn =  Qmeas,n + Qoffset – Qoffsettemp

However, as mentioned before, some unlicensed cells might be overloaded with different unlicensed UEs and WiFi nodes. On the other hand, some other un-licensed cell, might have a relatively low load. Thus for inter-frequency cell reselection, cell ranking criteria based only on RSRP will not be sufficient, as some cells with high RSRP could be heavily loaded. If UE reselects this heavily loaded cell, it is likely to suffer from heavy interference, thereby resulting in increased possibility of LBT failure. This will lead to increased probability of RACH failure and Radio Link Failure. Hence, although receiving high RSRP, the UE should not select those unlicensed cells to avoid heavy channel load and high interference. 

Observation 1: RSRP is not sufficient for cell ranking in NR-U inter-frequency cell reselection in NR-U, as it does not reflect the channel load for NR-U in idle/inactive mode.

Based on the above observation, we will like to use the channel quality (e.g. channel load or occupancy) metric to filter out the heavily loaded unlicensed cells. We propose to update the cell ranking criteria Rn for neighboring cells as follows:

Rn, unlicensed = Rn * f, where 
f = 1, if measured channel occupancy in neighboring cell CRn < Snon-IntrasearchCR; 
f = 0, otherwise.

UE will estimate the channel load CRn by using some kind of channel quality metric. For example, the channel occupancy ratio (CR) measurements, with subsequent L3 filtering, as mentioned in 3GPP 36.214 LAA standards [2], could be used. However, the final decision regarding the specific unlicensed channel load metric is left to RAN-1. UE will receive the threshold value Snon-IntrasearchCR in System Information Broadcast (SIB). In this way, the UE can deprioritize and subsequently avoid selecting the heavily loaded unlicensed cells, even if the corresponding RSRP of those cells are high. 

Proposal 4: Cell ranking for inter-cell reselection needs to be updated to include unlicensed channel occupancy metric to filter out the heavily loaded unlicensed cells. RAN-2 recommends the use of channel occupancy metric similar to LAA. However, the final decision regarding unlicensed channel occupancy metric is left to RAN-1.

Note that similar to initial cell selection, before finalizing the inter-cell reselection, UE also needs to check if the reselected cell belongs to an allowed PLMN; otherwise the UE will bar the cell.

Proposal 5: Just before finalizing reselection, UE needs to check if the particular cell belongs to an allowed PLMN; otherwise the UE will not consider that cell in future.

 
5 Conclusions
In this contribution, we first pointed out the necessity of improving cell selection and reselection criteria in NR-U.  Our observations are proposal are summarized below.
Proposal 1: Cell selection in NR-U will use cell selection criteria of NR as the baseline. Apart from the measurements, already mentioned in 3GPP 38.304 (NR) standards and checking the PLMN information, there is no need of additional measurement for cell selection in NR-U.

Proposal 2: In NR-U, measurement triggering for inter-cell reselection will consider some type of unlicensed channel quality metric. RAN-2 recommends the use of channel occupancy ratio (CR) metric similar to LAA. However, the final decision regarding the specific unlicensed channel quality (e.g. load or occupancy) metric is left to RAN-1.

Proposal 3: Frequency-specific priorities should be kept similar to NR. 


Observation 1: RSRP is not sufficient for cell ranking in NR-U inter-frequency cell reselection in NR-U, as it does not reflect the channel load for NR-U in idle/inactive mode.

Proposal 4: Cell ranking for inter-cell reselection in NR-U needs to be updated to include unlicensed channel occupancy metric to filter out the heavily loaded unlicensed cells. RAN-2 recommends the use of channel occupancy metric similar to LAA. However, the final decision regarding unlicensed channel occupancy metric is left to RAN-1.

Proposal 5: Just before finalizing reselection, UE needs to check if the particular cell belongs to an allowed PLMN; otherwise the UE will not consider that cell in future.

Proposal 6: Agree to the TP in Annex for TR 38.889. 


Annex – Text Proposal for TR 38.889 v0.2.0

A TP based on the above agreements is as follows:
7.2.2.1 Inactive and Idle Procedures 
Cell selection in NR-U will use cell selection criteria of NR as the baseline. As the primary objective of cell selection is to quickly camp on a candidate cell, apart from the measurements, already mentioned in 3GPP 38.304 (NR) standards, and checking the PLMN information, there is no need of additional measurement for cell selection in NR-U.
However, measurement triggering for inter-cell reselection will consider some type of unlicensed channel quality metric. It is recommended to use channel occupancy ratio (CR) metric similar to LAA. However, the final decision regarding the specific unlicensed channel quality (e.g. load or occupancy) metric is left to RAN-1.
Frequency-specific priorities should be kept similar to NR standards. However, cell ranking for inter-cell reselection in NR-U will include unlicensed channel occupancy metric to filter out the heavily loaded unlicensed cells. It is recommended to use channel occupancy metric similar to LAA. However, the final decision regarding unlicensed channel occupancy metric is left to RAN-1. Just before finalizing reselection, UE needs to check if the particular cell belongs to an allowed PLMN; otherwise the UE will not consider that cell in future.
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