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1. Introduction
[bookmark: _Hlk513641271]In RAN2 NR Ad-hoc 1801, selection/reselection rules were widely discussed, and there are some agreements are made, which are listed in the following: 
Agreements for idle and inactive mode:
1	Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR.
2	Cell selection criterion (S criterion) is applied to cell selection and reselection. 
3	 Both RSRP and RSRQ are considered in S criterion. 
4	From RAN2 perspective compensation parameter(s) is needed to S criterion. Details can be FFS and depending on the input from RAN1/4. Send LS to RAN1/4 to identify the use cases.
5	Parameters to check S criterion is broadcasted via system information for neighbor cells and via RMSI for serving cell.
6	Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection. 
7	Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion.
8	RSRP is applied to R criterion.
9	When the highest ranked cell is not suitable, UE will not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of xxs unless if intra frequency reselection is allowed by gNB, as in as 5.2.4.4 and 5.3.1, TS36.304. The value is FFS.
[bookmark: OLE_LINK1]10	 Dedicated and common reselection priority can be applied in idle. FFS whether the same priority for inactive mode.
11	 If dedicated reselection priority is assigned, it is used otherwise common reselection priority is applied. 
12	 Same cell reselection process as LTE is applied for inter-F/RAT with the different reselection priority. 
 13	 Separate threshold to skip intra-F measurements and inter-F/RAT measurements to the same/lower reselection priority as in LTE is applied. 
For a UE in RRC_INACTIVE, it is configured with a RAN notification area (RNA) containing several cells. If the UE in RRC_INACTIVE reselects a new cell which does not belong to the configured RNA, the RAN-based location area update (RLAU) will be triggered. Moreover, if the UE in RRC_INACTIVE reselects a cell which does not support the RRC_INACTIVE state, the merits of RRC_INACTIVE, e.g., fast connection reestablishment for some of the UEs while keeping the UEs under a low power state, will not be kept. Therefore, in this document, we will propose a two-stage cell reselection mechanism to keep the UE in RRC_INACTIVE as much as possible. 
2. Discussion
[bookmark: _Hlk513635097]2.1 Motivation
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In NR discussion, an RRC_INACTIVE state, in which UE keeps core network (CN) - radio access network (RAN) connection but no RAN connection [3], is introduced. One of the main initiatives of introducing the RRC_INACTIVE state is to enable the fast connection reestablishment for some of the UEs while keeping the UEs under a low power state. Besides, to let the UE prefer staying in the inactive mode can reduce significant signaling overhead by reducing signaling overhead associated to RLAU and the state transition procedures. In particular, if the UE reselects a cell outside the current RNA, e.g., Cell 5 or Cell 6 in Figure 1, it will have to perform RLAU, which involves several RRC signaling messages, and signaling between gNBs and signaling between gNB and CN, as shown in Figure 2. Moreover, since there was no decision on whether RRC_INACTIVE is mandatory or optional in NR [4], some cells may support the RRC_INACTIVE state, while some cells may not. If the UE in RRC_INACTIVE reselects a cell which does not support the RRC_INACTIVE state, the UE first enters the RRC_IDLE state in the target system. Then, the NAS level triggers the tracking area update (TAU) procedure, which in turn forces a UE to establish the RRC connection to transit and exchange the corresponding NAS messages. Once this procedure is finished, it is up to the network to assign the next RRC state to the UE [5].  We thus can see that if the cell reselection mechanism is not carefully designed, there will be complicated cell reselection procedures, causing significant signaling overhead among UE, RAN, and CN. 
[bookmark: _Hlk513653469]Proposal 1: A UE should be kept in the RRC_INACTIVE state during the cell selection/reselection procedure.  
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Figure 1: cell reselection of a UE in RRC_INACTIVE




Figure 2: RNA update procedures [6]
[bookmark: _Hlk513635642]2.2 Two-stage cell reselection mechanism
In NR, a UE either in RRC_IDLE or RRC_INACTIVE can perform cell reselection when it needs to change a cell to camp on. For a UE in RRC_INACTIVE, it needs to take special attention because RLAU may be caused if the UE reselects a cell outside its current RNA or state transition to RRC_IDLE may occur if the UE reselects a cell not supporting the RRC_INACTIVE state. Both cases will cause unnecessary signaling overhead and consume UE power. In this document, we propose a 2-stage cell reselection mechanism to avoid unnecessary state transition and signaling overhead for cell reselection of UEs in RRC_INACTIVE. 
2.2.1 Required information
[bookmark: _Hlk513635864]First, to perform the proposed cell reselection mechanism, the UE needs to know some required information, which is listed and explained as follows:
a. RNA frequency list
The RNA frequency list contains all the frequencies that are within the RNA of the UE. The anchor gNB can configure the RNA frequency list to the UE via RRC signaling such as RRCConnectionRelease. With the RNA frequency list, the UE can intentionally select a cell within RNA and avoid measuring unnecessary frequencies, so that the chance of performing RLAU can be reduced.
b. Additional offset favoring cells supporting RRC_INACTIVE
The additional offset is introduced to encourage the UE selecting a cell supporting RRC_INACTIVE. Note that whether supporting RRC_INACTIVE optionally or mandatorily in NR is still under discussion from both the network and UE perspectives [7]. If it is decided to be optionally supported, a cell may broadcast an indication in the system information to show whether it supports RRC_INACTIVE. The additional offset value can be either cell specific or UE specific. In particular, if the additional offset is cell specific, each cell can broadcast the additional offset value QINACTIVE in the system information. In this case, different cells may have different values of QINACTIVE. If the additional offset is UE specific, the anchor gNB can configure a common additional offset value QINACTIVE to the UE via RRC signaling such as RRCConnectionRelease. In this case, cells supporting RRC_INACTIVE have the same value of QINACTIVE. Once obtaining the additional offsets of different cells, the UE can utilize the additional offsets to increase the chance of selecting a cell supporting RRC_INACTIVE. 
[bookmark: _Hlk513636824]Proposal 2: The RNA frequency list and additional offset favoring cells supporting RRC_INACTIVE can be configured to UE via RRC signaling such as RRCConnectionRelease.
[bookmark: _Hlk513636316]2.2.2 Cell reselection procedure
In this part, we provide more details of the proposed two-stage cell reselection mechanism. 
a. [bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK37]Stage 1: reselect a cell within RNA 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]In Stage 1, the UE first checks all the frequencies within its RNA, which can be performed by checking the RNA frequency list sent by the anchor gNB. Then, all the frequencies in the RNA frequency list are sorted from high to low according to the absolute priorities, and form a candidate RNA frequency set. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53]Next, the UE checks the highest absolute priority in the candidate RNA frequency set and finds out the frequencies with this absolute priority. If the highest absolute priority is higher than the one of the current camping cell, the UE will measure the frequency/frequencies with this priority. After measurement, the UE checks all the cells of the frequency/frequencies which has the highest absolute priority in the candidate RNA frequency set, and detects the cells belonging to RNA. For the checked frequency/frequencies, all the cells belonging to RNA, not “barred”, not “reserved” for operator use or not “reserved” for other use [8] are ranked according to the R criterion [8]. We then can find the best cell. If the measured cell attributes of the best cell satisfy the cell selection criteria, e.g., RSRP and RSRQ above a threshold, and it is not a cell which is not suitable due to being part of the “list of forbidden TAs for roaming” or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN [8], the best cell can be selected. Otherwise, the UE will delete the frequency/frequencies with the highest priority in the candidate RNA frequency set. Then, the UE checks the highest absolute priority in the remaining candidate RNA frequency set, and finds out the frequencies with this absolute priority, and tries to select a suitable cell within the configured RNA. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]If the highest absolute priority in the remaining candidate RNA frequency set is equal to or lower than the one of the current camping cell, the UE needs to check both the RSRP and RSRQ of the current camping cell. If both RSRP and RSRQ are above certain thresholds, the UE will stop the whole cell reselection procedures. If either RSRP or RSRQ is not above certain thresholds, the UE will measure the frequency/frequencies with the equal or lower priority. After measurement, the UE will try to select a suitable cell within the configured RNA based on the procedures of cell reselection from a higher priority frequency, as described above. 
[bookmark: _Hlk513641145]Proposal 3: The UE first tries to reselect a suitable cell within its RNA. 
b. [bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK66][bookmark: OLE_LINK64]Stage 2: reselect a cell outside RNA favoring cells supporting RRC_INACTIVE 
Only if the serving cell quality is below a threshold and there is no suitable cell selected within RNA, the UE will try to select a cell outside the configured RNA and favor to the cells supporting the RRC_INACTIVE with the Stage 2 procedure. The reselection procedures in Stage 2 are similar to the NR baseline procedures [8], except that 1) the UE does not need to check whether the priority of the measured frequency is higher before frequency measurement, and 2) when ranking cells of a frequency/frequencies with a certain priority, the modified R criterion is used. Specifically, the modified R criterion is shown as follows, where QINACTIVE denotes the additional offset favoring cells supporting RRC_INACTIVE:
Rs = Qmeas,s +Qhyst +QINACTIVE
Rn = Qmeas,n +Qoffset+QINACTIVE
The following figure shows the procedures of the proposed two-stage cell reselection mechanism.
[image: ]
Figure 3: procedures of the proposed two-stage cell reselection mechanism
Proposal 4: If the quality of the current camping cell is below a certain threshold and no suitable cell is selected within the RNA during Stage 1 cell reselection, the UE will try to reselect a suitable cell outside the configured RNA with Stage 2 cell reselection, which favors the cells supporting RRC_INACTIVE. 
3. Conclusion
In this contribution, we proposed a two-stage cell reselection mechanism for UEs in RRC_INACTIVE to avoid unnecessary state transitions and signaling overhead. Specifically, we proposed the following:
Proposal 1: A UE should be kept in the RRC_INACTIVE state during the cell selection/reselection procedure.  
Proposal 2: The RNA frequency list and additional offset favoring cells supporting RRC_INACTIVE can be configured to UE via RRC signaling such as RRCConnectionRelease. 
Proposal 3: The UE first tries to reselect a suitable cell within its RNA. 
Proposal 4: If the quality of the current camping ell is below a certain threshold and no suitable cell is selected within the RNA during Stage 1 cell reselection, the UE will try to reselect a suitable cell outside the configured RNA with Stage 2 cell reselection, which favors the cells supporting RRC_INACTIVE. 
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