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Discussion and decision
1.  Introduction
In RAN2#60, RAN2 agreed to adopt the barring rate approach in LTE/SAE as proposed in [1, 2]. In RAN2#60bis, a text proposal for TS 36.331 was contributed in [3], but was not treated due to lack of time. The text proposal still lacks how back off is handled in case the UE was barred due to AC barring. It was suggested in [1, 2] that a barring timer shall apply in case the barring check was unsuccessful. Moreover, it is yet unclear how AC barring is handled if cell reselection occurs during the RRC establishment procedure (note that whether cell reselection is supported during RRC establishement procedure is also yet unclear). This paper looks into the details of handling the unsuccessful barring check, and also how cell reselection is handled during the RRC establishment procedure.
2. Discussion
2.1  Handling of unsuccessful barring check
According to the agreed proposal in [1, 2], a barring timer should apply in case the barring check was unsuccessful (i.e., if the random value drawn upon access barring check exceeds the broadcast access probability). It was suggested that the barring timer should be randomised around the base timer value (i.e., IE “barring time”) which is broadcast, so that access attempts of different UEs are distributed over time [1, 2]. Hence, we suggest the UE applies the following barring timer (namely T303) upon unsuccessful barring check.
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where “rand” is a uniformly distributed random variable in the range 0 ≤ rand < 1, “barring time” is the IE broadcast in SIB1, and “” is a fixed parameter (the intention is to fix the value in TS 36.331).
This timer should only apply in case the UE was accessing for a call on ACs 0-9 (i.e., normal calls). Hence, the UE, upon unsuccessful barring check for a call on ACs 0-9, should determine the value of T303 according to (1) and start T303. While T303 is running, the UE should not be allowed for a call on ACs 0-9. However, emergency calls and calls on ACs 11-15 should not be restricted due to this timer. If the UE succeeds in establishing connection for other causes such as an emergency call, it is pointless to maintain T303. As such, T303 should be reset if the UE successfully establishes a connection (it is expected that this would happen only if the UE is establishing an emergency call).
Proposal 1:
Upon unsuccessul barring check for a connection establishment request for ACs 0-9, the UE determines the value of T303 according to (1) and starts T303. Then, the UE informs failure to establish connection to upper layers. Until T303 expires, the UE should not be allowed for connection establishment for ACs 0-9 even if a new request is received from upper layers.

Proposal 2:
For emergency calls and calls on ACs 11-15, barring due to T303 should not apply.
Proposal 3:
If the UE succeeds in establishing a connection for other causes (e.g., an emergency call), T303 should be stopped.
During T303, the UE should perform cell reselection as normal. The access barring probability received from SIB1 is only valid in the cell broadcasting the SIB1. If cell reselection occurs, the access barring related information received from SIB1 on the reselected cell should apply. Hence, if the UE performs cell reselection, T303 should be stopped. 
Proposal 4:
If the UE performs cell reselection, T303 should be stopped.
2.2  Cell reselection during establishment procedure
RAN2 has been debating whether cell reselection shall be supported during the connection establishment procedure [4-7]. In UTRA, cell reselection has been supported. For LTE, some companies have been proposing to disallow cell reselection during the establishment procedure [5-7], with different degrees of restriction as per company. There are mainly three alternatives:

Alternative 1: 
Cell reselection is continued during the establishment procedure, as in UTRA.

Alternative 2:
Cell reselection is forbidden during a Msg3-Msg4 round (one layer 3 trial), but upon T300 expiry or detection of contention defeat, the UE performs cell reselection as needed [5, 6]. All the while, cell reselection “evaluation” is continued (i.e., Treselection evaluation is continued during the layer 3 trial) [5].

Alternative 3:
Cell reselection is forbidden during the entire establishment procedure including layer 3 retrials [7]. The UE resumes cell reselection only after failing to establish connection.

One of the arguments for forbidding reselection was that the establishment procedure shall be considerably faster in LTE compared to UTRA, and cell reselection is unlikely to occur in such a short time [5-7]. Forbidding reselection is expected to simplify UE implementation. However, although rapid establishment is possible in LTE, the entire establishment procedure can take long if layer 3 retrials are involved. Moreover, it has been agreed in RAN2 that network controlled mobility is not supported until security has been activated. As such, it is desirable that the UE establishes connection in the best cell in terms of radio, so that the connection establishment including the subsequent NAS procedures are more likely to succeed. However, it seems acceptable that reselection is not performed during T300, considering the expected short duration of T300 and the benefits mentioned in [5]. Hence, Alt.2 seems to provide the best compromise between complexity and performance.
Proposal 5:
Upon T300 expiry or detecting contention defeat, cell reselection shall be supported before initiating the connection request retry procedure. Cell reselection “evaluation” shall be continued during T300.

If cell reselection occurs in between layer 3 retrials, the UE should receive the access barring related information from SIB1 in the new cell, and apply them before initiating a retrial. The UE would anyway need to receive SIB1 to evaluate whether the cell is suitable.
Proposal 6:
If cell reselection occurs in between layer 3 retrials, the UE should receive the access barring related information from SIB1 in the new cell, and perform access barring check upon initiating the next layer 3 retrial. The counter V300 should not be reset upon cell reselection.
Occasionally, a cell reselection can result in the UE selecting a cell from an unregistered TA. If this is the case, the UE should abort the current connection establishment procedure and inform NAS, so that TAU can be initiated by NAS prior to service establishment. In this case, the counter V300 should be reset. (This is inline with the proposal made in [6].) If the SIB1 received in the reselected cell implies that TAU is not necessary, then the UE should simply continue the connection establishment procedure without resetting V300. These behaviours are shown in Fig.1.
Proposal 7:
If cell reselection implies that TAU is necessary, the UE aborts the current connection establishment procedure and informs NAS, so that TAU can be initiated by NAS prior to service establishment. In this case, the counter V300 should be reset. Otherwise, the UE should continue the connection establishement procedure without resetting V300.
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Fig. 1  Proposed RRC connection establishment procedure with cell reselection

(a) incurring no TAU and (b) incurring TAU.

3. Conclusions
The following proposals were made regarding AC barring and cell reselection during RRC connection establishment procedure.
Proposal 1:
Upon unsuccessul barring check for a connection establishment request for ACs 0-9, the UE determines the value of T303 according to (1) and starts T303. Then, the UE informs failure to establish connection to upper layers. Until T303 expires, the UE should not be allowed for connection establishment for ACs 0-9 even if a new request is received from upper layers.

Proposal 2:
For emergency calls and calls on ACs 11-15, barring due to T303 should not apply.
Proposal 3:
If the UE succeeds in establishing a connection for other causes (e.g., an emergency call), T303 should be stopped.
Proposal 4:
If the UE performs cell reselection, T303 should be stopped.
Proposal 5:
Upon T300 expiry or detecting contention defeat, cell reselection shall be supported before initiating the connection request retry procedure. Cell reselection “evaluation” shall be continued during T300.

Proposal 6:
If cell reselection occurs in between layer 3 retrials, the UE should receive the access barring related information from SIB1 in the new cell, and perform access barring check upon initiating the next layer 3 retrial. The counter V300 should not be reset upon cell reselection.

Proposal 7:
If cell reselection implies that TAU is necessary, the UE aborts the current connection establishment procedure and informs NAS, so that TAU can be initiated by NAS prior to service establishment. In this case, the counter V300 should be reset. Otherwise, the UE should continue the connection establishement procedure without resetting V300.
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