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1.
Introduction

Improved physical layer concepts in HSPA Evolution is expected to increase the peak bit rates up to 40 Mbps [1][2]. To get full benefit out of this performance increase, there is also a need to reduce the latency of the system. In this contribution we focus on the transition from power saving state to active. Improvements for this transition has so far not been addressed in TR 25.815. We propose to add such a section, with a description of the methods explained in this contribution. 
2. 
Discussion
The power saving state assumed here is the URA/CELL_PCH state, in which the UE remains RRC connected and has Radio Access Bearers established, but is unable to transmit data. There are two alternative procedures to move from URA/CELL_PCH to CELL_DCH, shown in figure 1. The first consist of two RRC procedures performed sequentially. The Cell Update procedure is used to allocate a new cell identity, and then Radio Bearer Reconfiguration is used to move the UE to CELL_DCH state. Alternatively, the Cell Update procedure may include the state change command and physical channel configuration information to move to CELL_DCH. The direct transfer to CELL_DCH is triggered by the UE by setting the Information Element “Traffic volume indicator” to true in the Cell Update message to indicate the need to switch to CELL_DCH. 
This contribution focuses on performance improvements of the direct transition to CELL_DCH using the Cell Update procedure. Performance wise, a drawback of the Cell Update Confirm message is that it is transmitted on the CCCH/FACH, since no cell Id is available yet for the UE. Consequently, the message has to be transmitted in RLC UM, meaning that no L2 retransmissions are possible. The loss of any RLC PDU used to carry the RRC message will lead to a L3 retransmission. 
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Figure 1. Signalling diagrams for transition URA/CELL_PCH to CELL_DCH
3.
Proposal
The proposal is to store as much of the CELL_DCH configuration as possible in the UE to reduce the amount of signalling during transition from power saving state, to speed up the procedure and reduce the probability of L3 retransmissions. We note that by performing the down switch directly from CELL_DCH to CELL/URA_PCH, the UE is able to store both Radio Bearer and Transport Channel configurations. For further improvements, the focus is on the CELL_PCH state, where the network knows the cell location of the UE. In this state, the only network resource that may need to be released is the DL code. If F-DPCH is used, there may not even be a need to change the F-DPCH, at least not during situations of low cell load. 
In short, the following is proposed for UEs entering the CELL_PCH state:

•
By keeping the UE cell identity, H- or C-RNTI, it is possible to use DTCH with support for RLC retransmissions for the transmission of the Cell Update Confirm message. This provides faster recovery from radio transmission errors on the non-power controlled FACH than L3 retransmissions. By using H-RNTI, the HS-DSCH can be used for the Cell Update Confirm using principles presented in [3].
•
By keeping the DL (fractional) DPCH channelisation code also in the CELL_PCH state, it is possible to start the DL synchronisation procedure immediately after the Cell Update message has been transmitted, thus effectively performing the downlink synchronisation in parallel to the message transmission. 

•
By keeping Physical Layer Configuration in CELL_PCH both in the network and UE, the size of the Cell Update Confirm message can be reduced. In case the network has reassigned the DL code, only that needs to be signalled.
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Figure 2: Improved procedure to move from CELL_PCH to CELL_DCH

The proposed  procedure for state transition from CELL_PCH to CELL_DCH using the methods presented above is shown in figure 2, and explained below.
1. When the UE has data to transmit, or is being paged from the network, it first performs power ramping to prepare the RACH transmission.

2. UE sends Cell Update on CCCH/RACH including its U-RNTI. If F-DPCH allocation has been stored, the UE starts to synchronise to the F-DPCH, to establish DL synchronisation. In case H-RNTI was stored, also reception of HS-SCCH is started to detect scheduling on the HS-DSCH. 
3. Based on the U-RNTI the RNC can detect whether UE has stored the cell Id, and whether this enables the use of DTCH over either FACH (C-RNTI) or HS-DSCH (H-RNTI). Also info about the F-DPCH code last used is stored. If this code is still free, F-DPCH re-allocation is not needed.  The RNC then sends DL user plane initialisation to NodeB to start transmission of the DL F-DPCH and to activate UL searchers to detect start of UL transmission.

4. NodeB starts sending the DL F-DPCH and activates UL searchers for UL transmission. 

5. The UE synchronises to the DL F-DPCH.
6. The RNC sends “Cell Update Confirm” to the UE. In the case of stored C-RNTI, DTCH/FACH is used. In the case of stored H-RNTI, DTCH/HS-DSCH is used. Note that the HS-DSCH must be operated in FACH-like mode with no HARQ feedback, as outlined in [3]. Link adaptation can be aided by the UE including CQI in the Cell Update message. Uplink synchronisation/transmission may not start until this message has been received, since in case the network has been forced to reassign the F-DPCH allocation while the UE was in CELL_PCH, the new F-DPCH configuration comes in this message. If the F-DPCH code was changed, the UE needs to re-synchronise to the new channel, before starting the UL transmission. In case the F-DPCH allocation was not changed, DL synchronisation may already have been achieved at this stage.

7. The NodeB responds to the User plane initialisation.

8. UE starts the UL transmission to establish UL synchronisation.

9. NodeB detects UL synchronisation and …

10. … responds with a scheduling grant for the E-DCH.

11. The procedure is finalised with the UTRAN Mobility Information Complete message.

4.
Benefits with the proposal
The procedure time to move the UE from CELL_PCH to CELL_DCH is reduced to match the increased link rate performance.
5.
Conclusion

It is proposed to add a section in TR 25.815 to address the important transition from URA/CELL_PCH to CELL_DCH. The section should include a description of the methods presented in this contribution.
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