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1
Introduction

In RAN2#75bis, the EAB content was discussed and it was agreed to take per-AC barring plus category indication as the baseline for both UMTS and LTE EAB (see below). Other aspects of the EAB contents, like EAB update and where to include EAB information was discussed via email discussion. However, it is not concluded whether barring time is needed to distribute the access in time to avoid spikes and how to implement it was not addressed either. In this paper, we discuss the necessity for barring time, analyze the two alternative approaches and therefore provide our recommendation.  
Will have one set of parameters (10 bit, i.e., one bit per access class) + 2 bit to indicate whether they apply to category A, B or C.

2
Discussion

According to the baseline, per-AC barring is able to achieve no less than 10% granularity for both UMTS and LTE EAB. When a large number of UE accessing to the network at the same time or when the barring indication for certain AC(s) is changed from “barred” to “not barred”, the UEs that are released from being barred and having the same Service Request pending are supposed to initiate the access (re)attempts simultaneously and therefore may exhaust the RACH resources. Herein we investigated the time distribution methods adopted for ACB in LTE and UMTS respectively, and conclude whether and what mechanism we need for EAB.
2.1
Existing time distribution methods in LTE and UMTS
For LTE ACB, a UE performs AC barring check based on its access class and the AC barring parameters in SIB2, including ac-barringfactor and ac-barringtime [1]. If access to the cell is not barred, the UE transmits RRC Connection Request message immediately. Otherwise, the UE starts a timer “Tbarring” with the timer value calculated using the ac-barringtime as below and informs upper layers about the failure to establish the RRC connection. Accordingly the access reattempt is not allowed before the timer expires.
"Tbarring" = (0.7+ 0.6 * rand) * ac-BarringTime.

For UMTS, only per-AC access barring is defined and there is no such ac-barringtime-like parameter in RRC [2]. However, the persistency check is specified in MAC layer which allows distributing the random access for the UEs which are not barred [3]. In detail, when UE detects that the access is not barred based on the per-AC indication, RRC determines ASC by means of the access classes and signals to MAC the ASC and associated persistence value Pi (i.e. transmission probability). The UE then decides, in MAC layer, whether to start the L1 PRACH transmission based on the persistence value. If transmission is allowed, the PRACH transmission procedure is initiated; otherwise, the UE performs a new persistency check in the next transmission time interval and repeats the persistency check until transmission is permitted. 
It is apparent that the time distribution mechanisms are specified to address the simultaneous RACH access problem and therefore, it is reasonable to define the barring time for EAB as well.
2.2
Time distribution methods for EAB
Quite many contributions have proposed to introduce time distribution method, also called as barring time for EAB. In general, two alternatives are visible depending on whether to apply barring time to “barred” UEs or “not-barred (i.e. permitted)” UEs. The illustrative example of the two alternatives is shown in Figure 1. 
Alternative1: UEs that are barred apply the barring time, in a similar way as in LTE ACB [4].
Alternative2: UEs that are permitted apply the barring time, as proposed in [5].
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Alternative1 (for “barred” UEs):
+ACO0...3UEs generates arandom delay
+Access notallowed within the delay period

+ Access allowed only when delay expiry and
AC status is changed to “not bar”

Alternative2 (for “permitted” UEs):
*AC4...9 UEs generatesarandom delay

+ Accessis not allowed within the delay period
« Immediate access afterdelay expiry




Figure 1 Illustrative example of two alternatives

We compare the two alternatives in below table. For LTE, since Alternative 1 works exactly the same as ac-barringtime in ACB, introducing it in the LTE specification will be much simpler than Alt.2. Although there may be RACH collision in Alt.1 when too many UEs perform initial access simultaneously if timers in many UEs expire at the same time, it would be avoided by proper EAB parameters setting, e.g. barring more access classes or long barring timer. Therefore, Alt.1 seems to be more reasonable solution for LTE.
Proposal 1: It is proposed to adopt Alt.1 to distribute UEs’ access reattempt in time for LTE. 

If proposal 1 is agreed, since UEs configured for EAB are considered more tolerant to access restrictions than other UEs, the value of ac-barringTime needs to be extended for EAB. Since it is intended for MTC, it is suggested to align the maximum value of ac-barringTime for EAB with extended Wait Timer, i.e. up to 1800 seconds.

Proposal 2: If proposal 1 is agreed, it is proposed to align the maximum value of barring time for EAB with extended Wait Timer, i.e., up to 1800 seconds
For UMTS, the specification efforts are anyway needed if time distribution method is to be introduced in RRC layer. Since the persistency check is defined in MAC layer, after running EAB (and ACB) in RRC layer, the UE could reuse the persistency check to distribute the RACH transmission in time. Therefore, it is unnecessary to run another time distribution method over existing MAC-layer one. 
Proposal3: It is proposed to follow persistency check for UEs that are permitted by EAB and not to apply either Alt.1 or Alt.2 to EAB in UMTS. 

	
	Alternative 1
	Alternative 2

	Affected UEs
	“Barred” UEs
	“Permitted” UEs

	RACH performance
	Possible RACH collision for initial access if many UEs expire timer at the same time
	Longer access delay

	Impact to LTE spec
	Exactly same timer behavior as LTE ACB timer
	New behavior of delaying the transmission before RACH to be defined. 

	Impact to UMTS spec
	New behavior of calculating barring time needs to be defined when access is barred
	New behavior of delaying the transmission before RACH to be defined in RRC or MAC
If being defined in RRC, the RRC-MAC interaction needs further consideration


3
Conclusion and Proposal
Based on the discussion in 2, it is proposed to agree that:

Proposal 1: It is proposed to adopt Alt.1 to distribute UEs’ access reattempt in time for LTE. 

Proposal 2: If proposal 1 is agreed, it is proposed to align the maximum value of eab-barringTime for EAB with extended Wait Timer, i.e., up to 1800 seconds
Proposal3: It is proposed to follow persistency check for UEs that are permitted by EAB and not to apply either Alt.1 or Alt.2 to EAB in UMTS. 
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