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1
Introduction

In [1] it is stated that delay in transition from LTE_IDLE to LTE_ACTIVE should be less than 100ms. In this document we present our view how we can achieve such a tight requirement. Procedures presented in this document for Idle to Active state transitions are exemplary ones and do not present all options available. For more detailed description of SAE bearer setup see [3]. From delay estimation point of view other SAE bearer setup procedures do not affect the analysis.
2
LTE_IDLE to LTE_ACTIVE
2.1 NW initiated procedure

Procedure shown in figure 1 illustrates NW initiated LTE_IDLE to LTE_ACTIVE transition:

1. User data arrives to UPE, which requests paging from MME/UPE, which  forwards paging to all eNBs in the paging area. 

2. eNBs start paging and UE receives it. Addressed UE starts RACH-procedure in order to get UL resources.

3. NW allocates UL resources and timing advance, which are used by UE to send CELL ASSOCIATION REQUEST to the NW. TMSI is used as an UE identifier in the message and L3 registration message is piggy bagged in the message.  ENB RRC allocates C-RNTI (3a) for the UE as fast as possible to avoid extended usage of random identifier in the air interface. 
4. eNB sends a request for RAN context to MME/UPE and also forwards L3 registration message received from UE. MME/UPE uses this information to update routing information.
5. MME sends requested context parameters to eNB with L3 registration response. 

6. eNB allocates DL resources, which is used to transmit CELL ASSOCIATION ESTABLISH with L3 registration confirm message. UE moves to LTE_ACTIVE state.
7. eNB informs MME/UPE that association procedure has been successfully completed, and UE is in LTE_ACTIVE state.

8a  Downlink data transmission on the dedicated bearer can begin simultaneously with the initiation of the SAE Bearer Setup procedure. The DSCP marking is based on the L3 QoS profile of the flow.
8b  The configuration of possible needed dynamic QoS is not yet ready on the air interface, so DL data is transmitted with an unregistered LCID and default L2 QoS parameter set. This phase can be considered as an implicit setup of an SAE Radio Bearer via an unregistered LCID with a default L2 QoS. If this is not allowed for the service in question, the data is either buffered or discarded.
 Following steps are only needed for dedicated bearer setup procedure:
8. The aGW uses a pre-configured downlink TEID to send to the eNB the L3 QoS profile for a service data flow, which is initiated in the downlink, creating the SAE Access Bearer part of the SAE bearer. The SAE Bearer Setup message also carries the TFT for uplink service data mapping within the UE. 

9. The eNB maps the L3 QoS profile to L2 QoS parameters and links the TEID to the downlink LCID. Then the eNB signals to the UE the L2 QoS to tailor the SAE Radio Bearer to support the required QoS both in uplink and downlink. The SAE Radio Bearer Setup message also carries the TFT for uplink service data mapping within the UE.UE acknowledges SAE bearer setup in the allocated resource.
10. The UE acknowledges the SAE Radio Bearer creation. It informs the uplink LCID to the eNB, which will be mapped to the SAE Access Bearer. With this signalling procedure, the downlink LCID status will change from unregistered to registered and a registered uplink LCID is created. The downlink LCID and the buffer used for the packets sent in 2b are kept unchanged
11. The eNB acknowledges the L3 QoS assignment and configuration of the SAE Bearer (both SAE Radio Bearer and SAE Access Bearer are configured).

With this signalling procedure, the downlink LCID status will change from unregistered to registered and a registered uplink LCID is created. The downlink LCID and the buffer used for the packets sent in 2b are kept unchanged. 

11a,b The SAE bearer is configured end-to-end: Data is now sent in a dedicated SAE bearer which uses on the air interface a registered LCID with customised L2 QoS parameters
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Figure 1: Idle to Active transition through Paging
2.2 UE initiated
Procedure shown in figure 2 illustrates UE initiated LTE_IDLE to LTE_ACTIVE transition:

1. UE starts RACH-procedure in order to get UL resources. NW allocates UL resources and timing advance, which are used by UE to send CELL ASSOCIATION REQUEST to the NW. TMSI is used as an UE identifier in the message and L3 registration message is piggy bagged in the message. Also request for UL resources for user data is in the message. eNB RRC allocates C-RNTI (1a) for the UE as fast as possible to avoid extended usage of random identifier in the air interface.
2. eNB sends a request for RAN context to MME/UPE and also forwards L3 registration message received from UE. MME/UPE uses this information to update routing information.
3. MME/UPE sends requested context parameters to eNB with L3 registration response.
4. eNB allocates DL resources, which is used to transmit CELL ASSOCIATION COMPLETE with L3 registration confirm message. UE moves to LTE_ACTIVE state.
5. eNB informs MME/UPE that association procedure has been successfully completed, and UE is in LTE_ACTIVE state.
6a,b 
A new uplink data flow is initially mapped to a default LCID + default L2 QoS. This LCID will be mapped to the default TEID.

Following steps are needed only for dedicated bearer setup:
6. The aGW identifies the service data flow and informs the eNB of the L3 QoS profile and the TFT for this flow, creating the SAE Access Bearer part of the dedicated SAE bearer.  

7. The eNB maps the L3 QoS profile to L2 QoS parameters. Then the eNB signals to the UE the TFT, L2 QoS profile and downlink LCID for this flow, to create the SAE Radio Bearer.
8. UE acknowledges the SAE Radio Bearer setup and signals the uplink LCID for this service data flow.
9. The eNB acknowledges the L3 QoS assignment and configuration of the dedicated SAE Bearer (both SAE Radio Bearer and SAE Access Bearer are configured).
9a,b
The dedicated SAE bearer is configured end-to-end: Data is now on the air interface with a registered LCID and customised L2 QoS. The eNB may apply DSCP marking based on the L3 QoS profile.
.
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Figure 2: Idle to Active transition - UE initiated

3
Delay analysis
In the DL direction probably most prominent delay is the paging period of the UE, which may be of several seconds. But in the UL direction delay optimizations are more beneficial, because UE is able to start UL request procedure as soon as it has something to send.  So in this chapter we concentrate into the UL direction delay analysis.

1. First there are delays caused by RACH procedure, when UE starts to request UL resources. Then there is minor delay in the allocation of the UL resources, which consists of processing delay in the scheduler and actual sending of allocation command and CELL ASSOCIATION REQUEST/ESTABLISH and HARQ/ARQ delays. This should be achieved with delay of 4+4ms, see [4]. 
2. After that there is signalling delay between eNB-MME/UPE-eNB, because of updating routing tables in the UPE and Context transfer from MME to eNB. With following assumptions

a. eNB-MME delay 5ms

b. MME-UPE delay 1ms

c. 2ms processing in MME/UPE

d. 1ms processing delay in eNB
Delay ends up being 10ms + 4ms of processing delays = 14ms

3. Storing Contexts and allocating C-RNTI in the eNB: 2ms

4. L1 delay of delivering CELL ASSOCIATION COMPLETE and acknowledgement: 4 + 4 = 8ms

5. Allocation + first packet of UL data: 4ms 

6. Delay of delivering data packet from eNB to MME/UPE: 5ms

So total delay from the starting of UL request procedure to arrival of first UL packet to UPE is around: 41ms + RACH delay (with 2ms eNB-MME/UPE link delay, the total delay would be 33ms+RACH)
Dedicated bearer setup is not always needed, because some services may be transmitted by default bearer. If we needed dedicated bearer setup, then additional delay would be: 
1. Processing delay in UPE to find out need for new SAE bearer might end up to be several seconds, because UPE might need several packets before it can make decision of the need of dedicated SAE bearer. If only IP packet is needed for decision then delay caused by this is around: 1ms
2. Delivering SAE Bearer setup to the eNB: 5ms

3. eNB allocating resource for DL and sending of the message + processing delay: 5ms

4. Processing of SAE Bearer Setup in the UE: 1ms

5. Sending of SAE Bearer Ack delay may end up to be couple of milliseconds depending on the requirement for the UE to be able to send acknowledgement of the RRC signalling message: 4ms

6. Forwarding acknowledgement to the UPE: 5ms

7. Processing in the MME/UPE: 1ms

Additional delay from dedicated bearer setup seems to be around 22ms. It has to be noted that during dedicated SAE bearer setup UE is able to send/receive IP packets As we could see from above figures we should be able to achieve delay requirement set in the [1] for LTE_IDLE to LTE_ACTIVE transition. 
4
Conclusions

We propose to include scenarios presented in chapter 2 to the TR 25.813 and delay figures presented in the chapter 3 to be included in the TR 25.913.  
References

[1] 3GPP TR 25.913, Requirements for Evolved UTRA and UTRAN
[2] 3GPP TS 25.813, E-UTRAN Protocol Architecture
[3] R2-061066, SAE Bearer Operation, Nokia
[4] R2-061133 Assumptions for U-Plane Latency Evaluation

























































_1208091508.vsd

_1208091529.vsd
Optional

1a. Cell Association Establish (C-RNTI,...))




