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1 Background
Potential enhancements to support a massive number of small data devices were discussed in RAN2#88 [1], [2]. For this study topic the following agreements were made:
1. For massive number of devices we will not study enhancements to CELL_DCH

2. We will study access control mechanisms for PCH states when seamless URA_PCH or CELL_PCH are not supported

With "seamless URA_PCH or CELL_PCH" in the second agreement above it is referred to: 

· CELL_PCH: support of common E-DCH and E/H/C-RNTI assigned
· URA_PCH: potential enhancements for data transmissions in URA_PCH introducing seamless transition from URA_PCH to CELL_FACH
.
In this contribution the need for access control enhancements in scenarios with small data devices is discussed more. First a short review of the available access control features in the different RRC states is provided. Next missing access control features are identified. Finally solutions for missing access control features are discussed:
· Access control in PCH state without seamless transition

· Access Group based access control in URA_PCH

2 Overview of existing access control features
From R99 onwards Access Class Barring (ACB) is supported in Idle mode [3]. ACB provides 15 different Access Classes (0..9 (normal UEs), 10 (emergency call) and 11..15 (special UE)) that can be used to rotate the UE's that are allowed to access the network. The access class barring information is broadcasted in SIB3 and updated using Cell Value tag. 
With Domain Specific Access Control (DSAC) introduced in REL-6 the network can block CS or PS connection setup separately in Idle mode and Connected mode [3]. DSAC information is broadcasted in SIB3 and updated using Cell Value tag. 
With Paging Permission with Access Control (PPAC) introduced in REL-8 a blocked UE can be allowed to respond to paging messages (receive emergency call back) or to perform location updating or routing area updating [3] when barred in Idle mode or Connected mode. PPAC information is broadcasted in SIB3 and updated using Cell Value tag. 
In REL-12 the option to update DSAC and/or PPAC information in CELL_DCH with dedicated signaling was introduced [3]. 
ACB, DSAC and PPAC are mandatory UE features and supported in Idle mode. DSCAC and PPAC are also supported in Connected mode. There is no UE capability signalling for these features. Except for the update of DSAC/PPAC information in CELL_DCH, which is an optional feature, and there is UE capability signalling. 
In REL-10 a new establishment cause value "Delay Tolerant Access" was introduced in CONNECTION REQUEST, CELL UPDATE and INITIAL DIRECT TRANSFER message. At the NAS layer the "Delay Tolerant Access" type is known as "NAS signalling low priority"
. Per PDN connection (i.e. IP address) the UE can be configured with "NAS signalling low priority" (which is also stored on USIM). Only when all PDN connections are configured with "NAS signalling low priority" then AS is configured with "Delay Tolerant Access". The new establishment cause value "Delay Tolerant Access" enables the network to identify connection requests from delay tolerant devices, and possibly reject those setup attempts. Furthermore an Extended Wait Time was introduced (up to 30 minutes) in REL-10 in RRC CONNECTION REJECT, RRC CONNECTION RELEASE, and SIGNALLING CONNECTION RELEASE message. This extended wait timer enables the network to back-off devices, which are delay tolerant, with a longer time (up to 30 minutes).
In Rel-11 a delay tolerant Access Class was introduced with the Extended Access Barring (EAB) feature. This feature enables access control of devices that are configured with Extended Access Barring (EAB) (also stored on USIM) to be controlled separately from regular traffic. The EAB information is broadcasted in SIB21 and updated using Cell Value tag. SIB21 is read in Idle mode, CELL_PCH, URA_PCH and CELL_FACH. Similar as with the R99 ACB feature for normal UEs there are 10 access classes defined, i.e. EAB uses the same access class as ACB as stored on USIM (TS 22.011 section 4.2). These access classes can be rotated to alternate access for the different EAB classes. The EAB parameters can be configured per PLMN and separately per CS and PS domain. Further the EAB parameters may apply to all UEs or roaming UEs. EAB restrictions do not apply to classes 11-15, MT calls and emergency calls.
A UE which is delay tolerant can be configured with "NAS signalling low priority" and "EAB" as determined by the operator (TS 23.060 section 5.3.13.6). Device configuration can be enabled by Over The Air (OTA) SMS or other device management. A UE may also be configured with a permission to override low access and Extended Access Barring priority restrictions (TS 23.060). 
In REL-12 access control enhancements, based on Access Groups, were introduced in CELL_FACH and CELL_PCH with seamless transition to CELL_FACH. These enhancements enable control of DTCH transmissions, i.e. block data transmissions but allow signaling [3]. This access control is an optional feature, and a UE indicating support of "Access Groups based access control" can be configured in one of up to 16 different access groups when in connected mode. In SIB24 (timer
 based SIB) the access can be rotated among up to 16 different access groups. When blocked the UE may not send any RLC data PDUs on DTCH in CELL_FACH or CELL_PCH with seamless transition to CELL_FACH. SIB24 is typically only broadcasted during congestion periods. Control PDUs on DTCH (e.g. RLC ACKs) and DCCH and CCCH transmissions are allowed when the Access Group is blocked. 

3 Missing access control features

Due to the low activity level of devices with small data applications, it is possible to support a large number of devices in the network based on the average load. With a large number of (low activity) devices in the network, there is a danger that they might try to access the network all at the same time. This may for example be triggered by some external events, inadvertent scheduling in the devices, or the restarting of some network nodes. The network resources allocated to the devices are usually dimensioned in relation to their average activity level. Thus simultaneous instant accesses will create severe congestion in the network and large disturbances to other traffic. Therefore there is a need to control the potential access of large number of (small data) devices. 
A small data device is supported in any RRC state, however due to the strong power saving requirements of these devices only RRC states that provide very good power saving options are considered "dormant state" for these devices, i.e. states where the devices remain for a long time. In this contribution Idle mode, CELL_PCH and URA_PCH are considered potential dormant states for small data devices. In Idle mode Power Save Mode (PSM) is supported, and for Idle mode and PCH state longer DRX is discussed to provide battery lifetime suitable for small data devices [4], [5].
In the table below it is indicated which access control mechanisms are available in the different RRC states:
	RRC state
	Access control

	Idle mode
	ACB, DSAC, PPAC, EAB

	CELL_PCH (with seamless transition to CELL_FACH)
	Access Groups based access control, DSAC, PPAC, EAB

	URA_PCH
	-

	CELL_FACH
	Access Groups based access control, DSAC, PPAC, EAB


In URA_PCH none of the access control mechanism, as described in chapter 2, are available. A request for data transmission is triggered with the CELL UPDATE procedure. This request can be delayed by up to 15s by including the Wait time IE in the CELL UPDATE CONFIRM message, and the UE will retry after 15s. This is not an effective method for handling simultaneous access from small applications since the Cell Update procedure may constitute the majority of the traffic and it cannot be prevented.

Based on the analysis above there is a lack of access control when there is a large number of small data devices in URA_PCH that would attempt a synchronized access. However similar access control scenario can be identified in CELL_PCH when seamless transition to CELL_FACH is not used
. In RAN2#88 it was already agreed to study access control mechanisms for PCH states when seamless URA_PCH or CELL_PCH transitions are not supported. When the UE has uplink data in PCH state, without seamless transition, the UE initiates CELL UPDATE procedure with cause "uplink data transmission". The "uplink data transmission" cause is the highest priority cause for the CELL UPDATE procedure. 
In the context of data transmission enhancements in URA_PCH seamless transition from URA_PCH to CELL_FACH has been discussed [6], [7], [8]. In case there is seamless transition from URA_PCH to CELL_FACH (as there already is for CELL_PCH) it makes sense to introduce/re-use the Access Group based access control mechanism in URA_PCH (similar as for CELL_PCH). In RAN2#88 no explicit agreement for this study topic was made, because the mechanism could more or less be re-used in URA_PCH and there would not be much to study. However it would be good to capture this option in the technical report of the small data study item, and shortly describe the minimal impact of introducing Access Group based access control in URA_PCH with seamless transition: 
Proposal 1: Study the introduction of Access Group based access control in URA_PCH when seamless transition to CELL_FACH is used.
In Idle mode and CELL_FACH no access control enhancements are deemed necessary based on the already available access control mechanisms in those states:
Proposal 2: No need to study access control enhancements in Idle mode and CELL_FACH.
4 Solutions for access control enhancements

4.1 Access control in PCH state without seamless transition

During periods of congestion it should be possible to block CELL UPDATEs that are triggered by uplink data transmissions from (small data) devices. However during these periods of congestion a (small) fraction of the devices should still be allowed uplink transmissions, i.e. it should be possible to rotate access among different access classes/groups. The Access Group (AG) based access control concept enables a flexible mechanism for such control. The AG access control can easily be extended to CELL_PCH and URA_PCH without seamless transition to CELL_FACH, i.e. when the Access Group, which is assigned to the UE is blocked, the UE is not allowed to send CELL UPDATE message with cause "uplink data transmission" when it is triggered by user data on DTCH. 

It is proposed to re-use the existing SIB24 and the existing Access Group configuration, instead of introducing a new SIB and separate configuration. This approach enables a uniform control of UEs in CELL_PCH and URA_PCH, with and without seamless transition to CELL_FACH, and it avoids additional Access Group configuration: 
Proposal 3: Re-use the Access Group based access control and SIB24 to block CELL UPDATE message with cause "uplink data transmission" when this is triggered by user data on DTCH.
4.2 Access Group based access control in URA_PCH

Access Group (AG) based access control in CELL_PCH, when seamless transition from CELL_PCH to CELL_FACH is used, was introduced in REL-12. If seamless transition from URA_PCH to CELL_FACH is introduced in REL-13, it makes sense to enable the Access Group (AG) based access control feature also in URA_PCH, i.e. re-use the same concept in URA_PCH to limit the impact on UE and NW implementation. The AG access control feature can more or less be re-used in URA_PCH without modifications. 
The following changes are anticipated to introduce Access Group based access control in URA_PCH:

· Introduce UE requirement to read SIB24 in URA_PCH (25.331):

· Table 8.1.1 "Specification of system information block characteristics"

· Section 8.1.1.6.24 "System Information Block type 24"

· Re-use UE capability signalling (25.306):

· The existing "Access Groups based access control" could be extended to also included support in URA_PCH with seamless transition to CELL_FACH.
· Update stage 2 description (25.300):

· Describe the support also in URA_PCH (chapter 7 "Access Control in Connected Mode (CELL_FACH and CELL_PCH)")
Access Group based access control can be introduced with minimal changes in URA_PCH by re-using SIB24:

Proposal 4: Re-use SIB24 to enable Access Group based access control in URA_PCH. 
5 Summary

RAN2 is kindly asked to study enhancements to support massive number of small data devices: 

Proposal 1: Study the introduction of Access Group based access control in URA_PCH when seamless transition to CELL_FACH is used.

Proposal 2: No need to study access control enhancements in Idle mode and CELL_FACH.

Proposal 3: Re-use the Access Group based access control and SIB24 to block CELL UPDATE message with cause "uplink data transmission" when this is triggered by user data on DTCH. 

Proposal 4: Re-use SIB24 to enable Access Group based access control in URA_PCH. 
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� This study topic is common for the study items "Downlink Enhancements for UMTS" and "Small data transmission enhancements for UMTS" but treated under "Downlink Enhancements for UMTS" study item in REL-13.


� See TS 24.008 Tables L.1.1 (CS) and L.1.2 (PS) "Mapping of NAS procedure to establishment cause": when device is configured with "NAS signalling low priority" the RRC establishment cause is set to "Delay Tolerant Access".


� Expiration timer = MAX(32 , SIB_REP * 2n) where n = (0..15)


� Seamless transition from CELL_PCH to CELL_FACH is not used when either UE or NW (or both) do not support common E-DCH or the UE has no E/H/C-RNTI allocated. For the potential new seamless transition from URA_PCH to CELL_FACH similar mechanism is assumed. 
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