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1
Introduction

In previous meetings RAN2, several enhancements to speed up setup delays have been introduced. Main Rel6 feature to reduce setup delays can be considered to be the possibility to map SRBs on HSPA. The delay benefits of this has been analysed in [1]. In addition, new default configuration in RRC connection setup message for mapping the SRBs on HSPA was introduced together with possibility to use HSPA also in call setup signalling towards CS domain. 
In this document, we present further assessments on Rel6 performance and new proposal for introducing HSDPA reception in CELL_FACH state to improve CELL_FACH state and reduce setup and channel allocation delays further.

2
Current state of the standards
2.1 PS and CS Call Setup delay

As analysed in [1], the setup delays on PS and also CS domain can be significantly reduced by using HSPA for SRBs. In addition, it can be noted that by using HSPA for SRBs, the requirements for setup delays to activating the primary PDP context from Idle mode presented in [2] can be met. I our view this indicates that signalling latencies are in acceptable level for Rel7 when the SRBs are mapped on HSPA. Considering also that significant amount of work was done to introduce E-DCH and HS-DSCH, the possible room for further improvements and potential gains on CELL_DCH state with existing HSPA standards are quite limited from delay perspective. 
Thus the further work on reducing signalling latencies should concentrate on, how the HSPA can be activated for the UE in most efficient manner and if usage of CELL_DCH state is not preferred by the network due to some reason, as explained in section 2.3, how the signalling on common channels can be made more efficient manner. These issues are considered in following sections.
Conclusion 1: Signalling latencies when SRBs are mapped on HSPA can met the target requirements of Rel7.

2.2 State transition delay
In Rel6, the delay of UE originated state transition from CELL/URA_PCH to CELL_DCH, includes the delay from cell update, cell update confirm procedures and L1 synchronisation delay, when direct transition from CELL/URA_PCH to CELL_DCH is used. This was made possible by modifying the cell update message to include one bit traffic volume information. In addition, the L1 synch procedure was enhanced in Rel6, by allowing the UL transmission before verification period and introducing the post verification period in synchronisation procedure A. 
In RAN WG2 #51, there was one additional proposal to further reduce UE originated state transition delay from CELL_PCH state by allowing UE to send uplink data directly without performing cell update first [3].
Thus from looking the modifications done in Rel6, the potential enhancements for Rel7 should be targeted to modify either RACH or FACH to reduce uplink and downlink signalling delay. When considering today's FACH transport channel one can note the quite limited transport block sizes and transport format sets which limits the available bit rate, even though the TTI is sufficiently small, 10ms. The problem of the small transport block size is that RRC messages like Radio bearer setup/reconfiguration are segmented on multiple TTI, increasing the risk that some PDU needs to be retransmitted on RLC level, after reception of the RLC status information from UE via RACH. 
The reference configuration in 34.108 supports transmission two RLC PDU from DCCH in single 10ms TTI when TF allowing transmitting 32kbps on DTCH is not used in same TTI, resulting data rate 25.6kbps for SRB#2.
In addition, the small capacity of the FACH is likely to be bottle neck when CELL_DCH capacity is increased by work done in Continuous connectivity (CPC) WI, as one cell can support more HSPA-VoIP user the number of required state transitions including call setup signalling and amount signalling in CELL_FACH state will increase. Immediate solution to these problems is to add additional FACH(s) with fixed DL power allocation to the cell. However adding new FACH(s) and S-CCPCHs is not very flexible method and reduces the available power and code space for HSDPA transmission.
Conclusion 2: UTRAN Downlink signalling capabilities for UEs in CELL_FACH state needs to be enhanced, by increasing the data rate available in CELLFACH state and by reducing minimum transmission delay. In addition possibilities to address more UEs in single TTI should be considered. 
2.3 UE power consumption
In continuous connectivity work, the possibilities to keep UEs longer times in CELL_DCH state are enhanced either by gating the uplink DPCCH transmission completely or by reducing the SIR-target, which will reduce required UL DPCCH transmission powers. As this work is concluded, one could consider reducing the usage of CELL_FACH as much as possible by sending only the reconfiguration message on CELL_FACH to move UE to CELL_DCH and avoid user plane data transmission completely in CELL_FACH state. 

In our understanding, however, the all methods considered feasible in RAN1 for CPC are maintaining the uplink synchronisation, meaning that at least quite frequent uplink transmissions are expected, e.g. transmission of one 10ms TTI in very 40ms, if 10ms TTI is used for E-DCH. If such scheme is introduced also for DL, roughly 2-3 times longer inactivity timers could be used in CELL_DCH state, compared to Re6 with same UE operating times. However, to obtain longer operating times the inactivity timers can only be slightly extended and state transition to CELL/URA_PCH state is needed.
On another hand more and more "always on"- type of services like PoC, Push email and VPN connections are expected to be used via UTRAN.  These services will introduce frequent but small packets to be transmitted between UE and server, e.g. one packet size of few bytes in every 30 to 60 seconds. Thus, the UE having such application running is either kept constantly in CELL_DCH state, introducing quite significant power consumption even with enhancements done in CPC WI or frequent state transitions are done CELL/URA_PCH state to reduce power UE consumption.

As the data amount to be transmitted to/from UE is only few bytes, the state transition to CELL_DCH state and obtaining the UL synchronisation and keeping the UE in CELL_DCH state until inactivity is detect will consume UE battery quite extensively, especially when amount and type of the transmitted data is considered (end user does not notice these transmissions). 
Another solution would be to transmit such data amount without UL synchronisation i.e. in CELL_FACH state. However, current FACH without any DRX operations to extend UE operating times is not most optimum either, as constant reception of the S-CCPCH, until the inactivity is detected, will drain battery in same manner as constant reception in CELL_DCH state.
 The Figure 1 illustrates an estimation of UE standby time when Rel99 CELL_FACH is used to transmit keep-alive signalling, based on following assumptions: CELL/URA_PCH state: power consumption 3 mA/h, CELL_FACH state power consumption 120 mA/h, CELL_FACH inactivity 2 s before state transition to URA/CELL_PCH state initiated and UE  Battery 800 mA. (Note: the Figure 1, does not reflect to any actual UE or NW performance rather it is used to illustrate the problematic of small but frequent packets.)
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Figure 1: Estimated UE Standby time in function of the keep-alive message

Conclusion 3: Even though the enhancements done in Continuous Connectivity work, the CELL_FACH state is still needed for transmission of small amounts of user plane data.

Conclusion 4: To further enhance CELL_FACH state UE power consumption the CELL_FACH state should have DRX operation. 
3
Possible solutions for enhancing DL signalling in CELL_FACH
3.1 Shorter TTI or bigger TF for FACH

To reduce signalling delays in CELL_FACH state and to increasing available bit rates one could consider two straightforward solutions for FACH transport channel. Either introduce new Rel6 specific S-CCPCH with smaller TTI for FACH e.g. 2ms or introduce bigger transport formats for FACH or introduce both (small TTI and bigger TF). The problem of these possibilities is that when shorter TTI or bigger transport block is used, the needed downlink transmission power is increased, and as the scheduling is done in CRNC, the used power is effectively removed from available downlink transmission power from HSDPA. Even if the power is not allocated for FACH in fixed manner, the HSDPA scheduler is not able to know how much DL power the FACH will consume in next scheduling period and thus certain limits on using this power portion needs to be taken to avoid exceeding the maximum DL power of the cell.
As in addition the introduction of new S-CCPCH will consume DL channelisation code SF32 would at least needed if shorter TTI or bigger transport blocks is used, we consider that these modifications are not really feasible, rather more flexible solution which would allow more effective DL power and code utilisation should be investigated.
Conclusion 5: The introduction of shorter TTI or bigger TFs for FACH are not looking very attractive solutions
3.2 Utilising HS-DSCH in CELL_FACH

An alternative solution for introducing smaller signalling delays and higher bit rates in CELL_FACH state would be the utilisation of HS-DSCH and HS-PDSCH in CELL_FACH state instead of S-CCPCH and FACH. As the HS-DSCH utilises the short 2ms TTI and the DL power allocation is controlled by the Node-B scheduler, it is possible to avoid problems that was discussion in previous section if shorter TTI or bigger TF would be introduced on FACH.  In contrary the HS-DSCH scheduler in Node B could use quite high powers (in maximum the total allocated power for HS-DSCH) and MCS for transmitting data for certain UE in CELL_FACH state in one TTI and then use same power and code resource for transmitting for UEs in CELL_DCH. 

The HS-DSCH reception in CELL_FACH state could be considered in following steps:

1) UE reads H-RNTI, and HS-SCCH, and HS-DSCH configuration including L2 parameters (number of HARQ processes etc.) that are used in CELL_FACH state from SIB
2) UE starts monitoring HS-SCCH and when detects H-RNTI indicated in SIB, the UE decodes the HS-DSCH as in Rel5. Rel5-6 UEs and Rel7 UEs in CELL_DCH would see this transmission as any HS-DSCH transmission to the other UE, thus without backward compatibility issues.
3) UE decodes the MAC-hs packet when CRC is correct. In simplest form no HARQ feedback is not used but "Quick repeat" on MAC-hs could be used. In Quick Repeat the Node B just blindly re-transmits the HARQ transmission and new data indicator is used to indicate new or repeated transmission. 
4) Based on MAC-c packet header the UE detects the logical channel type and C-RNTI/U-RNTI if the data is for it or for other UE. Single H-RNTI could be used to address multiple UEs.
If the MAC-c packet decoding is kept as today the modifications to MAC-d and MAC-c processing would be kept as in Rel99 and the data flow from MAC-c would be mapped in CRNC as MAC-flow to HS-DSCH instead of FACH transport channel as illustrated in Figure 2, which presents the MAC architecture in UTRAN side and data flows of CCCH, DCCH and DTCH when mapped on HS-DSCH (highlighted with red colour). 

[image: image2]
Figure 2: MAC architecture in UTRAN side 

Clearly, the above illustration of using HS-DSCH in CELL_FACH state is on high level, and multiple technical issues should be considered with more details in actual technical design. Such topics would be HARQ feedback (ack/nack, CQI), MCS selection , DRX scheme, optimised PDU definition on MAC and when the "common H-RNTI" reception is changed to Rel5 H-RNTI reception in state transition from CELL_FACH to CELL_DCH state.

Following merits for the proposed solution can be identified:
1) Significantly increased peak bit rate available in CELL_FACH state

2) Reduced signalling delay of downlink messages

3) Reduced state transition delay from URA/CELL_PCH or CELL_FACH to CELL_DCH

4) Reduced download times experienced by the subscriber especially for the small files sizes (Web-pages etc…)
5) Increased and flexible cell capacity for transmitting signalling and data to the UEs in CELL_FACH state

6) Changes limited on L2 and L3; physical layer and cell reselection based mobility are kept untouched. 

7) Backward compatible with earlier releases

As on drawback of this solution one could consider that both UE and UTRAN needs to support Rel99 CELL_FACH operation for the case that either one is not supporting HS-DSCH reception in CELL_FACH state.

4
Conclusions

It is proposed to discuss the new solution presented in section 3.2 to utilise HS-DSCH reception in CELL_FACH from RAN1 point of view 
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