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1	Introduction
In this paper we discuss the discrepancies in the RAN area update procedure in current 38.331-f40 version. Especially we study two cases when the resume procedure for RAN area update (regular or periodic) is failed and reselection occurs.
2	Current behaviour according to 38.331
Whenever RAN area update is needed (RNAU) e.g. regular RNAU or periodic RNAU, UE will start RRCResumeRequest procedure. In this paper we consider two cases when NW prevents resume procedure due to congestion (or any other relevant reason) i.e. network is using barring or RRCReject as response to RRCResumeRequest.

Currently whenever resume request procedure is started UE will set pendingRnaUpdate variable to TRUE. After that UE behaviour differs depending on the case if it is barred or rejected.

2.1	Barred
In case of RRCResumeRequest is barred i.e. access category ‘8’ is barred (RAN initiated access category) UE will start T390. And now if reselection occurs during the timer T390 UE behaviour is defined in 5.3.13.6:

5.3.13.6	Cell re-selection or cell selection while T390, T319 or T302 is running (UE in RRC_INACTIVE)
The UE shall:
1>	if cell reselection occurs while T319 or T302 is running:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure';
1>	else if cell selection or reselection occurs while T390 is running:
2>	stop T390 for all access categories;
2>	perform the actions as specified in 5.3.14.4.

And when observing UE behaviour in 5.3.14.4 barring timer stopped (T390) and barring alleviated:
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5.3.14.4	T302, T390 expiry or stop (Barring alleviation)
The UE shall:
1>	if timer T302 expires or is stopped, and if timer T390 corresponding to an Access Category is not running; or
1>	if timer T390 corresponding to an Access Category other than '2' expires or is stopped, and if timer T302 is not running; or
1>	if timer T390 corresponding to the Access Category '2' expires or is stopped:
2>	consider the barring for this Access Category to be alleviated;
1>	when barring for an access category is considered being alleviated:
2>	if the Access Category was informed to upper layers as barred:
3>	inform upper layers about barring alleviation for the Access Category.
[bookmark: _GoBack]2>	if barring is alleviated for Access Category '8':
3>	perform actions specified in 5.3.13.8;
And actions from 5.3.13.8:
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In RRC_INACTIVE state, the UE shall:
1>	if T380 expires; or
1>	if RNA Update is triggered at reception of SIB1, as specified in 5.2.2.4.2:
2>	initiate RRC connection resume procedure in 5.3.13.2 with resumeCause set to rna-Update;
1>	if barring is alleviated for Access Category '8', as specified in 5.3.14.4:
2>	if upper layers do not request RRC the resumption of an RRC connection, and
2>	if the variable pendingRnaUpdate is set to true:
3>	initiate RRC connection resume procedure in 5.3.13.2 with resumeCause value set to rna-Update.
As the variable pendingRnaUpdate was set to TRUE at start of the resume request procedure UE will make RNAU update. So the barring alleviation happened when reselection occurred but UE has not yet camped. Then naturally resume procedure would fail as UE has not yet received SIB1 (and has not checked whether cell is suitable).
Observation 1: UE will never make RNAU after reselection during T390 due to UE has not yet camped on cell when barring is alleviated in the procedural text.
2.2 	RRCReject as response to RRCResumeRequest
In case of RRCResumeRequest is rejected i.e. RRCReject is received as response to resume request. UE is given wait time (mandatory present in this case) and UE is not allowed to initiate connection prior to expiry of wait time (T302). Then if reselection occurs during the T302 UE behaviour is described in 5.3.13.6:
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The UE shall:
1>	if cell reselection occurs while T319 or T302 is running:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure';
1>	else if cell selection or reselection occurs while T390 is running:
2>	stop T390 for all access categories;
2>	perform the actions as specified in 5.3.14.4.
As can be seen UE enter IDLE in case UE reselects during T302. 
Observation 2: UE enters IDLE if reselection occurs during wait time (T302) started due to sending RRCResumeRequest for RNAU
This is undesired behaviour as network has no idea UE has entered IDLE and secondly it would be different behaviour from case the access was barred for the resume request. In order to avoid unnecessary entering to IDLE and potential unnecessary RAN paging it is highly desirable that UE stays in INACTIVE state even after reselection.
3	Solution
Proper UE behaviour would be to stay in INACTIVE state after reselection occurs during T302.
Proposal 1: UE shall not enter IDLE if UE reselects new cell during T302 (Reject wait time) 
Additionally, as shown in observation 1 UE will not make RNAU after reselection although it should be done. This should be corrected:
Proposal 2: UE will make RNAU after reselection to new cell if the new cell is not part of current RAN area or periodic RNAU failed in previous cell.
As the desired behaviour is different for:
1. regular RNAU 
a. Only needed done after reselection if cell is not part of RAN area
2. periodic RNAU 
a. should be restarted always after reselection until successful periodic RNAU is performed

It is difficult to do this with one variable i.e. existing pendingRnaUpdate – The hack in the current 38.331 trying to utilize barring alleviation for resuming RNAU after reselection does not work as shown in observation 1. The existing variable should be only used to trigger RNAU in the same cell where it was barred/rejected. Regular RNAU handling is rather simple as we need to only cover handling of barring and reject in same cell as the restart of RNAU after reselection is handled by SIB1 reception. So this can be covered by existing variable as long as the variable is set to false whenever reselection occurs.
Proposal 3: rename existing pendingRnaUpdate to pendingRnaUpdateInThisCell. In addition to existing points where variable is set to false, set the variable to false whenever reselection occurs.
Periodic RNAU handling could be realized so that a variable (different to existing one) is set to TRUE when T380 expires (i.e. periodic RNAU is triggered) and set to FALSE whenever UE manages to get proper response to resume i.e. NW has successfully received periodic RAN area update. Then whenever after camping on a cell UE checks if the variable is true and if so UE will initiate RNAU (periodic).
Proposal 4: set variable pendingPeriodicRnaUpdate to true when T380 expires. Set it to false only when successful response to resume is received i.e. RRCResume, RRCRelease or RRCSetup. Whenever UE camps on a cell and variable is set to ‘true’ UE will intiate RNAU.  
4	Conclusion
In this paper we studied the newest version of 38.331 and found that existing RNAU update handling is not working and came to following observations:
Observation 1: UE will never make RNAU after reselection during T390 due to UE has not yet camped on cell when barring is alleviated in the procedural text.
Observation 2: UE enters IDLE if reselection occurs during wait time (T302) started due to sending RRCResumeRequest for RNAU
In order to resolve above observations we propose:
Proposal 1: UE shall not enter IDLE if UE reselects new cell during T302 (Reject wait time) 
Proposal 2: UE will make RNAU after reselection to new cell if the new cell is not part of current RAN area or periodic RNAU failed in previous cell.
Proposal 3: rename existing pendingRnaUpdate to pendingRnaUpdateInThisCell. In addition to existing points where variable is set to false, set the variable to false whenever reselection occurs.
Proposal 4: set variable pendingPeriodicRnaUpdate to true when T380 expires. Set it to false only when successful response to resume is received i.e. RRCResume, RRCRelease or RRCSetup. Whenever UE camps on a cell and variable is set to ‘true’ UE will intiate RNAU.  







