
3GPP TSG-RAN2#78	R2-122543
21 - 25 May 2012
Prague, Czech

Source:                    	NTT DOCOMO, INC.
Title:  	Problem caused by DRX UE in congested network
Document for:        	Discussion and Approval
Agenda Item:         	5.3
1. Introduction
High number of smart phones in the market has caused various significant problems for the network operators. In the discussion of EDDA studies, some problems such as network signaling impact and battery consumption problem in the UE is currently discussed. This paper is focusing on a problem where signaling from the UE in DRX state in congested network affects successful rate of other UE emergency/ high priority call and increases network load. This paper also proposes several solutions to be discussed.
2. Problem identification and requirement
LTE Case
To minimize the signaling impact (for idle-to-active transition) towards the Core Network (CN) and the delay of service activation, the network operator may keep the UE in an “always-on” state, not only for IP Connectivity, but also for radio connectivity. To realize “always on” radio connectivity, instead of sending the UE immediately to RRC_IDLE when there is no outstanding data for the concerning UE, the UE is kept in DRX in RRC_CONNECTED longer. In fact, the realization of “always on” radio connectivity is foreseen to be the “ideal form” of network in the near future. This condition is achievable since battery consumption of the DRX UE is foreseen to be gradually improving and capability of eNB to provide larger number of simultaneously RRC_CONNECTED UE is foreseen to be increasing. 
In normal condition, the network, which is designed and built for realization of “always on” radio connectivity”, will be able to process and service large number of UE in RRC_CONNECTED. There is no problem or specific requirement for normal condition.
However, in congested condition, large number of UE in RRC_CONNECTED creates significant impact that cannot be solved with today’s standardized solution. When the network suffers from congestion e.g., in a disaster (tsunami and/ or earthquake) condition or public festivities, the network is likely to the operator may activate ACB. With ACB, access attempt of RRC_IDLE UE can be controlled and prevented efficiently.  However, in today’s specification, there is no mechanism to control UE transition from DRX (RRC_CONNECTED) to Non-DRX state. The following significant concerns arises when the network required to provide  “always on” radio connectivity is not able to control access from DRX UE:
1. Emergency/high priority call drop and call establishment delay due to eNB resource and processing limitation.
Even in normal condition, typically the eNB is designed with certain limitation for uplink dedicated resource, i.e., PUCCH resource. Meaning that not all the RRC Connected UEs can be in Non-DRX state. In disaster or public festivities occasions , call burst is likely to happen not only from the UEs in IDLE state, but also from the ones in DRX state. The UE in DRX to Non-DRX transition might be generated in a burst manner when a lot of UEs trying to obtain UL resource and to resume its bearer(s), i.e., for packet or voice service. 
Due to the limitation of uplink dedicated resources the eNB may start to discard the RACH attempt from DRX UE. Since the eNB can not differentiate which RACH attempt is coming for which UE, RACH attempt from emergency/ high priority UEs will also be discarded. 
The eNB with limited processing resources may also end up delaying  the call establishments. For emergency/ high priority call, this delay may cause significant consequences.
2. Emergency /high priority call drop and call establishment delay due to RACH resource contention.
When UL data becomes available, a DRX UE will perform contention based RA procedure in order to obtain UL resource. In normal condition with normal traffic, the eNB is typically designed with RACH resources so that contention probability is within the tolerance of operator’s policy. In excessive access condition, the contention probability will increase and as a result the delay for resuming bearer/ service will also increase. When the transmitted RA procedure exceeds a given maximum number, RLF is detected and lead to call drop. For emergency/ high priority call, this delay or call drop may cause significant consequences.
3. Additional signaling towards the CN from DRX UE.
An operator may provide packet data service and IMS voice service as a default PDN. So when the UE is kept in DRX state, the UE has an active bearer towards both PDNs.
· For the already established packet data bearer, DRX to Non DRX transition does no cause additional signaling impact towards the CN. 
· For the following cases, additional signaling towards the CN is expected:
· DRX to Non DRX transition is triggered by IMS voice service. The UE will need to create RTP bearer after it resumes the already established SIP signaling bearer. RTP bearer establishment will cause additional signaling.
· DRX to Non-DRX transition is triggered by establishment of a new bearer. New bearer establishment will cause additional signaling.
UMTS case
High growth in number of smartphone user is also observed in UTRA network. Therefore, basically similar problems as identified above for LTE are also foreseen in UMTS in the case of transition from Cell_PCH to Cell_DCH, or to Cell_FACH. The main difference observed is in DSAC behavior. In UTRAN, when both CS and PS domain DSAC (Domain Specific Access Control) is activated (barred), the UE in Cell_PCH follows the CS DSAC barring information, but it does not follows PS domain DSAC. In other word, the UE in Cell_PCH is barred from establishing CS bearer, but it can still shift up to Cell_DCH and establish PS bearer.
Requirements
Driven by these problems, we think that the following requirements need to be considered and necessary mechanism needs to be studied:
Req.1:	The network shall be able to prioritize the RA attempt for emergency/ high priority from DRX UEs.
Req.2:	The network shall be able to control the RA attempt from DRX UE to prevent increase of  eNB and CN (processing and signaling) load.
Proposal 1: 	It is proposed for RAN2 to acknowledge the problems caused by signaling from DRX UE and acknowledge the requirements.
3. Possible solutions
The following are some possible solutions that may worth to be discussed.
1. Utilizing RRC Connection Release to send the UE to RRC_IDLE while activating ACB.
In this solution, the UE in DRX state (which does not have outstanding data) is released and sent to IDLE. By doing this, access attempt from normal call and emergency/ high priority call from IDLE UEs can be controlled by ACB.  However, since S1-AP does not support procedure that allows simultaneous UE context release, this solution will, on the contrary, result an increase of network (S1AP)  signaling since the MME needs to perform the release per UE. To enable this solution, RAN3 should be consulted. This solution will solve all the above three problems but should be applied only in a severe congestion situation. 
2. Applying control to enforce UE to stay in DRX 
In this solution, access attempt from normal call and emergency/ high priority call can be controlled by some mechanism similar to ACB, i.e., applying control to enforce the UE to stay in DRX and not perform RA procedure. The barring check would likely to be performed at the MAC layer. This approach is likely to solve all the above three problems, but the realization of this approach needs to be further studied.
3. Specifying a specific RACH resource(s) for emergency/ high priority call usage.
In this solution, the network is enable to assign a specific RACH resources (e.g., PRACH resource allocation or RA preamble(s)) to be used by a UE that establishing RRC Connection or resuming bearer for emergency/ high priority call. 
· Specific PRACH resource allocation: The frequency/ time resource allocation of PRACH for UE with normal call and UE with emergency/ high priority call is different. This allows the network to e.g., process the resource allocated for UE with emergency/ high priority call.
· Specific RA preamble allocation: RA preambles for emergency/ high priority call are reserved. This would allow the network to recognize which RA attempt is intended for emergency/ high priority call. 
Although this solution is only addressing  problem 1 and 2 (i.e., requirement 1) but it has significant benefit to ensure acceptance of emergency/ high priority call both from IDLE and DRX (Cell_PCH) UE.
Proposal 2:	It is proposed for RAN2 to discuss and agree on the feasibility of solution 1, 2 and 3. 
4. Summary and Proposals
This paper explained several problems that are triggered by signaling from DRX UE and discussed several solutions to solve the problems. The following are proposed:
Proposal 1: 	It is proposed for RAN2 to acknowledge the problems caused by signaling from DRX UE and acknowledge the requirements.
Req.1:	The network shall be able to prioritize the RA attempt for emergency/ high priority from DRX UEs.
Req.2:	The network shall be able to control the RA attempt from DRX UE to prevent increase of  eNB and CN (processing and signaling) load.
Proposal 2: 	It is proposed for RAN2 to discuss and agree on the feasibility of solution 1, 2 and 3.
Solution 1: Utilizing RRC Connection Release to send the UE to RRC_IDLE while activating ACB.
Solution 2: Applying control to enforce UE to stay in DRX 
Solution 3: Specifying a specific RACH resource(s) for emergency/ high priority call usage
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