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1
Introduction
After the RAN#65 meeting, a new Rel-13 HSPA Study Item was agreed aiming at DL enhancements and in particular at “investigating mechanisms to enhance downlink signalling performance on overhead and latency, especially for the case of RRC state transition and parameter updating.”  Even though the scope of the SI aimed predominantly at optimizing CELL_DCH to CELL_FACH/CELL_PCH transitions, there were also contributions considering  transition from the IDLE state into the CONNECTED mode. After RAN#68, a new WI "L2/L3 Downlink enhancements for UMTS" was created which has an explicit sub-item for introducing IDLE to CONNECTED mode optimizations.

In this discussion paper we present an optimization that was previously contributed to the SI phase and which impacts only the Iub interface.

2
Common E-DCH acquisition

2.1
Motivation

If we consider a device in the IDLE state that moves to the CONNECTED mode because of outgoing or incoming data, then one can see a noticeable amount of messages exchanged between a UE and RNC.  Without delving into deeper details, there are a few big phases which could be classified as initial attach, authentication, attach completion,  and the PDP context activation as illustrated in the Annex A. Each of the aforementioned stages in turn involves a number of RRC messages.

Being in the CELL_FACH state, each RRC message transmitted by a UE requires acquisition of resources involving transmission of PRACH preamble followed by a common E-DCH transmission. With enhanced DL/UL for CELL_FACH a large RRC message could be transmitted over a common E-DCH resource once it is acquired by a UE. However, a common E-DCH resource is typically released by a UE after expiry of the inactivity timer. Referring again to a case of when a UE moves from IDLE to CONNECTED, it is usually the case that the E-DCH inactivity timer expires before a UE receives the next message from RNC and generates the next response message. As a result, a UE has to go through a noticeable number of requests for the common E-DCH resource. The network can of course configure an explicit release of the common E-DCH resources, but since this configuration is the same for all UEs, it is not a desirable solution.

Annex B shows a recorded trace of messages exchanged between a UE and RNC (exact time stamps were obfuscated leaving 00:00 for hours and minutes, but seconds were remained unchanged). As can be seen, the whole procedure from the RRC CONNECTION REQUEST till RADIO BEARER SETUP took around 3 seconds. What more important is that delays between UL messages are larger than the maximum common E-DCH backoff timer meaning that each UL message transmission would trigger a request for a common E-DCH resource.

In Rel-11, a new feature was introduced called “NodeB triggered HS-DPCCH transmission” that allows the network to ask a UE to acquire the common E-DCH resource and keep it until it is released either explicitly or by means of the inactivity timer. If a UE supports this feature, then the network can ask a UE to get the E-DCH resource and keep it during the whole phase of establishing the PDP context thus avoiding multiple requests for the common E-DCH resource. 

It should be separately noted that it is up to the network strategy whether to perform explicitly both triggering of acquisition of the common E-DCH resources and its release, or use a timer based approach for releasing the common E-DCH resource (similar to the Rel-8 functionality). In the latter case, IE “HS-DPCCH transmission continuation backoff” defined in sub-clause 10.3.6.130 has a value range of 10..800ms. It allows for configuring much larger timer values when compared to Rel-8, which in turn enables the network to find a good tradeoff between not releasing the E-DCH resource till the next RRC message versus blocking the E-DCH resource. 

2.2
General solution

Current limitation of the UTRAN side is that a trigger for acquiring the common E-DCH resource is solely within Node B, which does not possess any RRC related state information, such as whether a UE has established the PDP context or not. There is no mechanism either that allows RNC to indicate relevant information towards Node B. Thus, one potential enhancement is to allow RNC to provide hints towards Node B. Of course, at the end it would be up to the Node B whether to trigger acquisition of the E-DCH resource based on available common E-DCH resources and other RRM parameters.
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Figure 1: Optimized IDLE to CONNECTED transition with E-DCH acquisition/release hints from RNC

Figure 1 illustrates how an additional information from RNC could facilitate process of transitioning from IDLE to CONNECTED. Once the RNC receives the RRC CONNECTION REQUEST message, it can assign dedicated RNTI values in the RRC CONNECTION SETUP response message. When the RNC receives RRC CONNECTION SETUP COMPLETE, it will know whether a UE supports “NodeB triggered HS-DPCCH transmission” and if the latter does, the RNC can issue immediately the “common E-DCH acquisition hint” towards Node B. If Node B has spare common E-DCH resources, it can send the corresponding HS-SCCH order to the UE. 

Similarly, when the radio bearer is set up and the PDP context is activated, the RNC can send the corresponding information to Node B, which can either immediately release the resource (or wait for the expiry of the backoff timer if it is configured in SIB5).  

It should be noted that proposed approach does not require any changes at the UE side as it relies upon the Rel-11 feature called “NodeB triggered HS-DPCCH transmission”. The only impacted place is the Iub interface, where the RNC sends indications towards Node B.

2.3 Implementation details

At the moment, the Iub Frame Protocol between the RNC and Node B provides a possibility to indicate whether a UE supports “NodeB triggered HS-DPCCH transmission” feature, so that the Node B is aware whether it can issue the corresponding HS-SCCH order that would trigger a UE to acquire the common E-DCH resource. Referring to TS 25.435, there is a "NTHT" bit in the HS-DSCH DATA FRAME TYPE 2 and TYPE 3. However, since this bit serves a purpose of indicating the capability, it cannot be used to indicate further information on whether there is a preference to acquire common E-DCH resource for a particular UE e.g. because it performs transition from IDLE to CONNECTED. As a simple example, if there is a certain number of active UEs supporting “NodeB triggered HS-DPCCH transmission”, then Node B just knows that it can issue the HS-SCCH order, but it does not know for which UE it should do it. Due to the limited number of the common E-DCH resources it is not possible; and furthermore it would be inefficient to ask all UEs to acquire the common E-DCH resource if it is not needed.

Thus, as a simplest solution it is suggested to have another bit complementing existing "NTHT". The way it can be construed by Node B is that RNC indicates a preference for acquiring the common E-DCH resource for that UE. For details specification implementation, this complement bit can be added into HS-DSCH DATA FRAME TYPE2 or NBAP message, such as Radio Link Reconfiguration related message. Generally adding 1 bit to FP is the simplest way. Of course, as discussed earlier RAN2 it is up to Node B whether to send the corresponding order. It could be the case that all the common E-DCH resources are occupied, and Node B would either ignore this indication or delay its decision.

3
Conclusion

In this discussion paper we have presented our general considerations with regards to how it is possible to optimize and speed up transition from the IDLE to CONNECTED state. If a UE supports and the network deploys enhanced DL/UL for CELL_FACH, then one of the performance bottlenecks is the transmission of the PRACH preamble and acquisition of the common E-DCH resource, which typically takes places for almost every RRC message transmitted by a UE upon transition from IDLE to CONNECTED. Thus, one could consider asking a UE to acquire and keep the E-DCH resource if the UE supports so-called “NodeB triggered HS-DPCCH transmission” feature. Then RNC needs to provide more additional information to Node B to let Node B know the UE’s special logical state and process in RNC. We kindly request RAN3 to discuss and agree this optimization proposal, the relative CR will be provided in next meeting. 
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Annex B
  00:00:00.17   |--- RRC:RrcConnectionRequest ---------------------->| 
  00:00:00.18   |<------------------------ RRC:RrcConnectionSetup ---| 
  00:00:00.69   |<------------------------ RRC:RrcConnectionSetup ---| 
  00:00:00.89   |--- RRC:RrcConnectionSetupComplete ---------------->| 
  00:00:01.05   |--- RRC:InitialDirectTransfer --------------------->| 
  00:00:01.09   |<----------------------- RRC:SecurityModeCommand ---| 
  00:00:01.46   |--- RRC:SecurityModeComplete ---------------------->| 
  00:00:01.47   |<-------------------- RRC:DownlinkDirectTransfer ---| 
  00:00:01.63   |--- RRC:InitialDirectTransfer --------------------->| 
  00:00:01.65   |<-------------------- RRC:DownlinkDirectTransfer ---| 
  00:00:02.03   |--- RRC:UplinkDirectTransfer ---------------------->| 
  00:00:02.41   |<-------------------- RRC:DownlinkDirectTransfer ---| 
  00:00:02.67   |--- RRC:UplinkDirectTransfer ---------------------->| 
  00:00:03.46   |--- RRC:UplinkDirectTransfer ---------------------->| 
  00:00:03.58   |<-------------------------- RRC:RadioBearerSetup ---| 
  00:00:03.83   |--- RRC:RadioBearerSetupComplete ------------------>| 
  00:00:03.86   |<-------------------- RRC:DownlinkDirectTransfer ---| 
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