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1. Introduction

In LTE, c-plane latency reduction is one of the most important requirements. There were several proposal and discussion for call setup procedure in past RAN2 meeting. We believe that following points which were discussed in past RAN2 meeting are efficient to optimise c-plane latency, and could be assumption to satisfy requirement.

(a) Reception of broadcast system information after paging reception could be optimised to reduce c-plane latency. Following solutions could be applied for example.

· Required information for random access is included in paging message[1]
· Timing of paging message transmission are aligned with timing of broadcast system information transmission by use of flexible scheduling of BCCH[2]
(b) RRC message and NAS message can be concatenated, and RRC and NAS can treat those messages in parallel. For example, RRC connection request message and service request message are concatenated. Then, RRC treat RRC connection request message, and NAS treat service request message before RRC connection establishment.

(c) RRC connection establishment and SAE radio bearer establishment are done by one message.

 On the other hand, following issues still exists to decide call setup behaviour. 

· Architecture issue (e.g.: collocation or separation of MME/UPE)

· Security related procedure

· QoS support

· Timing to transmit/receive u-plane data

We believe that security related procedure, QoS support and timing to transmit/receive u-plane data should be discussed in RAN2 WG. On the other hand, architecture issues should be discussed in SA2 WG. In this document, we discussed QoS support and timing to transmit/receive u-plane data from c-plane latency perspective. Security related procedure is discussed in other document [3].

2. Discussion
2.1.  QoS support
QoS support could be optimised dynamically based on new architecture and new channel type (e.g.: only shared channel in LTE). In this section, firstly, we discuss how QoS is supported in LTE. Then, we discuss possible optimisation from c-plane latency perspective.

In LTE, provision of QoS is provided in SAE bearer service as described in [4]. In addition, default SAE bearer service concept is introduced in LTE. From this default SAE bearer service concept, UE, eNB and aGW can easily establish SAE bearer service, because the configuration of default SAE bearer service is stored in each entity. We think that default SAE bearer service should be assumed to evaluate c-plane latency. Hence, we discuss default SAE bearer service establishment here.

SAE bearer service consists of SAE radio bearer service between UE and eNB and SAE access bearer service between eNB and aGW. In this meaning, QoS is supported by SAE radio bearer service and SAE access bearer service separately. In our understanding, SAE radio bearer service and SAE access bearer service could be clarified from QoS perspective as follows:

· SAE access bearer service: QoS between aGW and eNB

· QoS is supported by DiffServ provided in tunnelling layer. DSCP marking could be done based on negotiated QoS between UE and aGW.

· SAE radio bearer service: QoS between UE and eNB

· QoS is supported by shared channel scheduling of MAC. Scheduler of MAC should allocate radio resource to UE by taking account of negotiated QoS between UE and aGW.

Compared to UMTS, SAE access bearer service is not so much different from QoS function point of view. This SAE access bearer could be established after QoS negotiation between aGW and UE. On the other hand, SAE radio bearer service is very different from UMTS, since MAC scheduler has function to support QoS as described above. This means that even if SAE radio bearer is established, QoS control could not be performed before resource allocation by MAC scheduler. In other word, SAE radio bearer could be established before QoS negotiation. MAC scheduler can start resource allocation after QoS negotiation to support QoS. As the result, it’s not necessary to wait QoS negotiation between aGW and UE to establish SAE radio bearer. eNB could establish SAE radio bearer service firstly before negotiation between aGW and UE. Then, eNB could start resource allocation by scheduler after negotiation between aGW and UE. This could optimise c-plane latency, since eNB doesn’t need to wait response from aGW. eNB could store SAE radio bearer configuration for SAE default bearer service. Then, eNB could establish SAE radio bearer which is stored as default SAE bearer before response from aGW as illustrated in Figure 1.

In this scheme, it is possible for invalid UE to establish SAE radio bearer service. We think that this is not big issue. When aGW checks service request and performs integrity protection, aGW might detect unauthorised UE. In this case, established SAE radio bearer will be released by indication from aGW. This is similar to RRC connection release procedure, in case authentication is failed.

Conclusion1: SAE radio bearer should be established before SAE access bearer service establishment at least for default SAE bearer service
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Figure 1: Default SAE bearer establishment procedure

2.2.  Timing to transmit/receive u-plane data
In this section, we discuss when u-plane data could be transmitted and received in order to investigate optimisation timing to transmit and receive u-plane data for c-plane latency reduction. To discuss this issue, we consider VoIP case, since VoIP is one of the most critical applications which require low c-plane latency in LTE.

In case of VoIP, IMS signalling (SIP signalling) is required, before VoIP data could be exchanged. Then, c-plane latency for VoIP is decided by timing when IMS signalling could be exchanged. As general consideration, this IMS signalling could be exchanged after SAE bearer establishment. However, the size of IMS signalling is very limited, so that allocation of resource won’t affect radio resource efficiency very much. In this meaning, it might be useful to start exchanging IMS signalling, even if SAE bearer is not established and the UE is not authenticated. Hence, UE could transmit IMS signalling in very early stage. In this stage, no SAE access bearer between eNB and aGW exist. To solve this, this signalling might be transmitted between eNB and aGW like NAS signalling. But, other method also could be considered (FFS). 

In some scenario, for example heavy traffic cell, it might be critical to allocate radio resource for this kind of UE. However, this situation could be solved by scheduler as discussed in section2.1. That is, if eNB has enough resource and operator’s policy allows allocating resource for UE which doesn’t finish establishing SAE bearer and is not authenticated yet, eNB starts scheduling for the UE before response from aGW. If eNB doesn’t have enough resource or operator’s policy doesn’t allow allocating resource for this kind of UE, eNB doesn’t start scheduling for the UE before response from aGW. The procedure is illustrated in Figure 2.

Conclusion2: Scheduling for UE could be allowed for limited service like IMS signalling before SAE bearer establishment. These data will be exchanged like NAS signalling between eNB and aGW.
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Figure 2: Example for u-plane transmission
2.3. Proposed call setup procedure and analysis of c-plane latency
Proposed call setup procedure based on conclusion in section2.1 and 2.2 is illustrated in Figure 3. 

1. Paging procedure in case of MO. This is skipped in MT case.

2. MAC level Initial access message from UE to get timing adjustment information and radio resource to transmit RRC message.

3. MAC level response form eNB to allocate timing adjustment and radio resource

4. RRC Message to request establishment RRC connection and SAE bearer. NAS message is concatenated with RRC message between UE and eNB. NAS message is extracted in eNB, and the NAS message is transmitted to aGW. aGW perform authentication and QoS negotiation. This QoS negotiation affect SAE access beater establishment (5&6). Parameter for RRC integrity protection (e.g.: sequence number) is also transmitted to eNB from UE based on discussion in [3]. 

5. RRC Message to establish RRC connection and SAE radio bearer. This message is transmitted by eNB before establishment of SAE access bearer based on discussion in section2.1. This could include parameter for RRC integrity protection (e.g.: sequence number). As discussed in section2.2, we think u-plane data transmission for limited service is potentially available.

6. RRC message to inform result of SAE radio bearer establishment. This might be changed to layer2 signalling.

7. Message to establish SAE access bearer. SAE access bearer is established based on this message. RRC integrity key is also setup to eNB by this message. MAC scheduler starts resource allocation based on QoS provided by this SAE access bearer.

8. Message to response result of SAE access bearer establishment.

9. Message to inform result of service request. RRC Message is used to transfer NAS message. After this reception, u-plane data transmission will be available.
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Figure 3: Proposed call setup procedure
3. Conclusion

In this contribution, we discuss call setup procedure to optimise c-plane latency.  We propose to capture conclusion of section 2.1-2.3 in RAN2 TR.
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