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1 Introduction

At RAN2#77 the following agreement was recorded in the chairman’s meeting notes [1]:

	Agreements
1
The existing DRX mechanism with proper settings is a good mechanism from UE battery power savings point of view but further comparison with IDLE mode power consumption may be needed. 

2
RAN2 should focus on signalling overhead optimisation aspects (IDLE<->CONNECTED transitions; mobility signalling; …).


This contribution reviews the outcome of recent RAN2 contributions related to the use of inactivity timers (in the eNB) and mobility factors that might influence RRC connection release in order to optimise signalling behaviour for the scenarios of particular interest to the eDDA work item.

The contribution then explores some possibilities for signalling overhead optimisation based around the retention of RRC context between successive connection cycles and also considers some of the attendant issues..

2 Background

2.1 RRC State Transitions and Associated Signalling

The current draft TR 36.822 [2] highlights the fact that “Some traffic profiles have the potential to cause frequent RRC connection setup/release cycles” and includes (section 5.2) example RRC connection setup/release sequences showing the potential cost of such message exchanges.
Furthermore, the TR considers RRC state transition behaviour driven by inactivity timer(s) in the eNB:
RRC state control may be based on inactivity timers within the eNB.  Following the detection of data inactivity for a period of time, the eNB may choose to direct the UE to idle mode via the sending of an RRC Connection Release.  The presence of user plane traffic will trigger a subsequent return to connected mode via an RRC Connection Setup procedure (such as those shown in section 5.2.1).

Some traffic types (e.g. background and IM) comprise regular or sporadic short data exchanges that may be relatively widely interspersed in time.  In this case, one of two outcomes is likely to result depending upon the network’s configuration of the RRC inactivity timer:

A)   For shorter timer values, the frequency of RRC state transitions becomes high: as a result, Uu and S1 signalling overheads are increased

B)   For longer timer values, Idle mode is seldom used:  The background activity retains the device in an RRC connected mode state

From a simple consideration of RRC state transitions and associated signalling it would appear that maintaining the UE in RRC connected mode would be the best strategy as this will reduce the frequency of state transitions, thus reducing the number of RRC connection setup/release cycles and therefore, the signalling overhead.

However, as has been pointed out by a number of companies, this strategy has a number of drawbacks, including:

· An increase in handover related signalling, particularly for higher mobility UEs, due to the use of network controlled mobility behaviour in E-UTRAN

· System resource inefficiency, particularly in relation to layer 1 control channels such as PUCCH

· UE power drain may be greater, even with long DRX configuration, compared to that experienced by the UE in IDLE mode

· eNB resources required to maintain the context for all UEs held in RRC connected mode

The draft TR [2] also considers the matter of mobility related signalling and this is summarised in the next section.

2.2 Mobility Related Signalling

E-UTRAN procedures dictate that while in RRC connected mode UE mobility is controlled by the network and driven by Measurement Reports transmitted by the UE resulting from a Measurement Configuration determined by the eNB.  TR 36.822 makes the point:
While the UE remains in RRC Connected state, mobility from one cell to another cell involves a Handover procedure. Handover involves signaling on both the Uu and backhaul (X2/S1) interfaces, ….”
The TR then goes on to consider the relative cost of mobility in both RRC Idle and RRC Connected:
The cost of mobility in RRC Connected State is higher than the cost of mobility in RRC Idle State. While the cost of RRC Connected mobility is given in Section 5.3.1, RRC Idle State mobility in most cases does not involve any air interface or backhaul signaling. The exception is when a UE in RRC Idle State moves outside the network provided list of tracking areas and needs to perform a Tracking Area Update procedure….
Due to the fact that in the current LTE system, UE-controlled mobility applies only in idle mode, then from the point of view of mobility signaling alone, it is desirable to place the UE in RRC Idle State as much as possible. However, as noted in Section 5.2, frequent transitions between RRC Idle and Connected states are also undesirable.
The draft TR then proceeds to consider three different schemes for controlling RRC state transitions and thereby influencing the balance between RRC connection setup/release signalling and network controlled handover signalling:
Each scheme obtains a different tradeoff between frequency of RRC state transitions and the frequency of mobility signaling.  However, it is also the case that each scheme achieves a different trade off between the time spent in the connected and idle modes and hence impacts to UE battery consumption, the number of simultaneous RRC connections within a cell/eNB and the usage of system resources are also of importance and need to be taken into consideration.

1. Full use of RRC Connected State: In this scheme, the UE never transitions to RRC Idle State.
2. Network Initiated RRC Release (based on RRC Inactivity Timer in the Network): As mentioned in Section 5.2, the eNB can release the RRC connection when there is no data activity for a period exceeding an RRC inactivity timer.

3. Network Initiated RRC Release based on mobility: In this scheme, the eNB releases a UE’s RRC connection only if both of the following criteria are met:  i) there has been no data activity for the UE for the past N seconds, and ii) a need for handover for the UE has been identified (e.g. the eNB has received a measurement report with A3 event).  Thus, the eNB performs RRC connection release instead of performing handover. If a handover is required within N seconds of previous user-plane activity, the handover is performed and the RRC connection is not released.
In an attempt to assess the performance of these schemes the draft TR presents the results from a simulation looking at the frequency of connection setups and handover events for differing mobility rates.  The draft TR makes the following observations based upon the simulation results:
… the following observations can be made about balancing mobility and RRC state transition signalling, in the context of background applications.

1. Use of Full Connected DRX, i.e. not having any transitions to RRC Idle mode can eliminate the RRC Connection Setup and Release signalling, with mobility signalling events then being proportional to the mobility of the UE.

2. Use of NW initiated RRC Release based on fixed inactivity timers can result in a high number of RRC Connection Setup (and Release) events, while maintaining a number of mobility events that is dependent on the length of the timer. 

3. Use of network initiated RRC release based on mobility, at low mobility rates, exhibits handover and RRC connection setup frequencies similar to Full Connected DRX, while at high mobility rates the frequency of RRC connection setups and handovers are similar to NW Initiated RRC release.
Thus, it would appear that a strategy to balance the overheads of setup/release signalling and handover signalling may be achieved by maintaining the UE in connected mode until both the following conditions are met: an inactivity timer has expired and a need for handover is identified.  However, the effect of this strategy is that following connection release (having satisfied both these conditions) all RRC context is released in the UE and eNB.  When a need for data exchange is next identified the full RRC connection setup and NAS default bearer setup exchanges (see example above) are required in order to regain context in E-UTRAN and the core network.
2.3 RRC Context

A contribution made to RAN2#77 [1] highlighted that certain traffic profiles may result in UEs being held in connected mode for long periods of time while only exchanging small amounts of data. That paper, while reflecting similar  observations made by other companies, also observed that repeated connection establishments by a UE in the same cell will usually result in exchange of the same capability and bearer setup information on each occasion. Therefore, the paper [3] suggested an approach that may offer signalling efficiency improvements in such IM and background traffic scenarios.  The suggestion was that “… parts of the UE RRC context may be stored in-between successive RRC connection cycles …”.

Section 2.2 above referred to the observation in the draft TR that a possible optimal balance between RRC setup/release signalling and mobility related handover signalling may be achieved by basing the connection release decision on both user plane inactivity and an imminent need for handover.  However, we observed that following connection a full set of connection establishment signalling exchanges would be required again before user plane data exchange could be resumed.

The next section of this document provides an initial exploration of possibilities for UE context storage between successive RRC connection cycles in order to improve the efficiency of subsequent RRC connection establishment signalling.  

3 Discussion on Retaining RRC Context

3.1 Motivation

Before analysing the possibilities for, and the issues associated with, retaining context we need to agree the purpose and driver(s) which will help to set boundaries on the scope.

As discussed above, we believe that the reason for considering the retention of context between RRC connection cycles arises from the observation that many of the information elements in the RRC messages in successive connection cycles (to the same eNB) will contain the same configuration information.  Furthermore, if this configuration information is retained between connection cycles, then subsequent RRC messages need not repeat the information element contents (in full), thus improving signalling efficiency.  Given that the scenarios being considered by the eDDA work item are characterised by small data transfers, the efficiency of RRC connection setup/release signalling is likely to be significant for achieving better overall link efficiency (i.e. ratio of user plane data / control plane signalling).
Alternatively, one may ask the question why release the RRC connection and try to retain context?  Wouldn’t it be simpler just to maintain the RRC connection, employing long DRX and a long inactivity timer at the eNB, thereby retaining all the associated context?  Referring back to an earlier part of this paper we see that this strategy has a number of drawbacks (compared to connection release and retained context), including:

· An increase in handover related signalling, particularly for higher mobility UEs, due to the use of network controlled mobility behaviour in E-UTRAN

· Air interface resource inefficiency, particularly in relation to layer 1 control channels such as PUCCH

· UE power drain may be greater, even with long DRX configuration, compared to that experienced by the UE in IDLE mode

3.2 Possibilities for Context Retention
The elements of context built up in the UE and eNB during a typical RRC connection establishment are conveyed by the following RRC procedures:

1. RRC Connection Setup

2. Initial Security Activation
3. RRC Connection Reconfiguration
The major information elements in the RRC messages associated with these procedures are shown below.  The configuration information conveyed by the IEs in blue are those considered to be candidates for context retention since that information is likely to be repeated in subsequent connection cycles.  The IEs greyed out will not typically be present in the messages used at RRC connection establishment.

3.2.1 RRC connection establishment

rrcConnectionRequest

+-ue-Identity


+-establishmentCause
rrcConnectionSetup


+-radioResourceConfigDedicated



+-srb-ToAddModList
(SRB1)



+-drb-ToAddModList



+-drb-ToReleaseList



+-mac-MainConfig



+-sps-Config



+-physicalConfigDedicated

rrcConnectionSetupComplete


+-selectedPLMN-Identity


+-registeredMME


+-dedicatedInfoNAS

The IE physicalConfigDedicated allocates physical resources that will be to some extent dependent upon the resource allocations to other UEs at the time, so the associated configuration information is not considered as a candidate for retention.

3.2.2 Initial security activation
securityModeCommand


+- securityConfigSMC



+- securityAlgorithmConfig

securityModeComplete

3.2.3 RRC connection reconfiguration
rrcConnectionReconfiguration


+-measConfig



+-measObjectToRemoveList


+-measObjectToAddModList



+-reportConfigToRemoveList


+-reportConfigToAddModList



+-measIdToRemoveList


+-measIdToAddModList



+-quantityConfig



+-measGapConfig



+-s-Measure



+-preRegistrationInfoHRPD



+-speedStatePars


+-mobilityControlInfo


+-dedicatedInfoNASList


+-radioResourceConfigDedicated



+-srb-ToAddModList
(SRB2)



+-drb-ToAddModList



+-drb-ToReleaseList



+-mac-MainConfig



+-sps-Config



+-physicalConfigDedicated


+-securityConfigHO

rrcConnectionReconfigurationComplete

3.3 Observations on the Handling of Retained Context

In order to re-use RRC configuration information in a subsequent RRC connection (without re-sending the information) a number of issues need to be addressed, including:

1. The UE and eNB must retain common elements of  the configuration context before releasing a connection

2. The UE should be able to indicate that it is trying to (re-)establish a connection using retained context. Otherwise, the eNB may try to initiate a connection setup using retained context which the UE does not hold, resulting in an aborted setup attempt which must be repeated with full configuration information.

3. The eNB must be able to match a (re-)establishment request from a UE to a retained context record from the same UE

4. The eNB must be able to indicate to the UE which configuration elements should be based upon:

a. The default configuration from the specification

b. The retained configuration from the last RRC connection

c. Information elements contained in the current RRC message.

5. Mechanism(s) are needed to allow the eNB to delete the retained context, particularly if the UE re-selects to a cell provided by a different (target) eNB while context is retained at the source eNB.

6. Will connection release and the retention of context be a strategy that is triggered by network or traffic conditions observed at the eNB (or even at the UE)?  Or will the retention and re-use of context be an option at all release/setup cycles for all (Rel-11 and later) UEs and eNBs but with no specified procedural requirements?

So far, this paper has concentrated on the radio interface resources associated with an RRC connection, i.e. the signalling radio bearers and data radio bearers. In addition to the SRBs and DRBs, at the eNB for a given RRC connection, there will be a UE-associated signalling connection to the registered MME, UE context received from the MME and S1 Bearer resources (which together with the DRBs constitute the E-RAB resources managed via S1-AP).
The assumption has been that when the RRC connection is released and the RRC context retained all radio interface resources will be released.  By definition if RRC (radio interface) context associated with the UE is retained in the eNB then a UE associated context record will remain in the eNB after the radio interface resources have been released.  However, it is not obvious whether or not the UE-associated signalling connection to the registered MME, UE context received from the MME and S1 Bearer resources should be released or maintained to some degree or another.
If RRC context is retained between RRC connection cycles then one may well ask whether the RRC connection has truly been released in the interval. If the conclusion is that retaining context means that the RRC connection has not been fully released, then perhaps the RRC state model would need extending to add a new “RRC RB SUSPENDED” state.
3.4 System Considerations

To re-cap we are investigating whether the radio interface resources of an RRC connection may be released while parts of the configuration information permitting re-establishment of that connection with minimal signalling may be retained.  Whether or not a new RRC state is used to designate this situation, which may be just a matter of semantics, there are a number of system considerations that may be investigated:
· Define new RRC procedures or re-use (possibly modified) existing RRC procedures

· Mobility handling while in an RRC connection suspended state

· How to handle DL data arrival when the RRC connection is suspended?
3.4.1 Procedural Aspects
On the assumption that retention of RRC context between connection cycles is accepted as an approach to reduce the signalling overhead that would otherwise be experienced by successive connection setup/release cycles to the same cell, then what RRC procedure(s) should be used to store and re-use context?  The following possibilities are suggested:

1. Modification of the current RRC Connection Setup, Initial Security Activation and RRC Connection Reconfiguration procedures
2. New RRC procedure(s) possibly involving transitions to/from a new RRC RB SUSPENDED state
3. Re-use of the RRC Re-establishment procedure.

In order to facilitate partial re-use of stored RRC context, each of these alternatives would need to include ASN.1 (choice) options to allow indication of IEs that should be:

· recovered from the retained context

· configured as by defaults in the specification

· configured according to the included IE.

The establishment again of an RRC connection in accordance, more or less, with the previous RRC configuration, is essentially another name for an RRC Re-establishment.  The RRC Re-establishment procedure is an existing procedure for achieving just that and includes mechanisms for a UE and an eNB to agree the existence of a shared context for that UE in that cell with a given security configuration (use of short MAC-I).  The existing Re-establishment procedure includes the means to re-activate the RRC security context.
3.4.2 DL Data Arrival and Mobility
It is assumed that radio bearers (signalling and data) will have been released in the new state.  Also the measurement configuration will have been released and that network control of mobility will not be a possibility as there will not be an active signalling connection between UE and eNB.
Therefore, we assume that the UE will employ the existing IDLE mode procedures of cell (re-)selection to handle mobility in the new suspended state.  However, it must be recognised that the suspended state can only be maintained within the context of the current cell.  Thus, once the UE decides by normal cell (re-)selection rules to re-select to another cell then the UE must transition to the RRC IDLE state.  If this transition to IDLE is performed autonomously by the UE in order to minimise radio interface signalling, then there will be a period of time during which the UE and E-UTRAN disagree about the UE’s RRC state and location. The eNB might be expected to maintain a (long) inactivity timer for UEs in the suspended state such that the eNB could also autonomously delete the context record for UEs that have most likely moved to an adjacent cell.  However, such autonomous context releases are not altogether satisfactory.
The handling of DL data arrival for UEs in the suspended state must be considered.  Assuming that the suspended state results in the release of radio bearers but the maintenance of S1 Bearers and associated state at the eNB and MME, then in the case of DL data arrival at the eNB when the UE is still in the coverage area of the same cell, then the eNB may page the UE and trigger RRC (radio bearer) re-establishment.

However, if the UE has autonomously re-selected to a cell on another eNB then there will be DL packets accumulating at the old eNB, while there would be a need to page over a wider network area, presumably initiated by the MME as fall-back if paging at the old eNB was unsuccessful.  Assuming the fallback paging is unsuccessful in causing the UE to establish a connection via the new eNB, then there will be the problem of ensuring the relay of undelivered packets from the old to new eNB.

A network configuration with just a single eNB per tracking area would force NAS tracking area updates on cell-reselection (to a new eNB) but at the cost of increased E-UTRAN and core network signalling.
4 Conclusion

This document has considered the motivation and possibilities for RRC context retention on RRC connection release.  The discussion has considered what context may be retained, whether a new RRC state (e.g., RRC RB SUSPENDED) might need to be defined and possible RRC procedure mechanisms.

The paper has also considered whether S1 Bearer resources should be retained in such a new state, while releasing radio bearer resources.  However, issues concerning DL data arrival and mobility have been raised.
Observation:  Retaining RRC context may offer possibilities for saving signalling resources on subsequent connection re-establishment in the same cell.  However, mobility and DL data arrival issues with associated increased signalling at such times may reduce the efficacy of the savings made in same cell re-establishment cycles.  RAN2 is invited to further consider the points raised in this contribution.  
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