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1.
Introduction

It was discussed in RAN2#53 and RAN#32 that CELL_FACH state may need to be improved to reduce latency of signaling and increase utility of CELL_FACH state by utilizing HSDPA features [1][2]. This document discusses how we can improve CELL_FACH state with HSDPA features.
2
Discussion on HSDPA in CELL_FACH
In FDD mode, HSDPA could not operate in CELL_FACH state as it does in CELL_DCH. Only some of HSDPA characteristics could be used in CELL_FACH in a restricted manner.
2.1

AMC
Fast AMC in HSDPA relies on CQI reporting transmitted on HS-DPCCH. However, it would be difficult that HS-DPCCH is provided in CELL_FACH because CELL_FACH state does not provide any dedicated physical channel which works only in CELL_DCH state. 
Therefore, AMC control cannot be fast in CELL_FACH. If AMC is considered in CELL_FACH, it should be slower than before. In this case, UE could report channel quality to NB L1 or MAC by using RACH channel. For this purpose, RACH is terminated at NB, rather than RNC, which is different from the current spec. 
Using AMC will increase uplink interference due to reporting. Thus, one way is not to apply AMC to CELL_FACH. If only small packets are considered e.g. in case of services like PoC, Push email and VPN connections, we may not need AMC [2].
2.2
HARQ

Fast HARQ also relies on ACK/NACK transmitted on HS-DPCCH. However, it would be difficult that HS-DPCCH is provided in CELL_FACH. Therefore, NB could not have ACK/NACK immediately after sending a packet. For this reason, HARQ could not be fast in CELL_FACH.
If it’s difficult to support fast ACK/NACK in CELL_FACH, fast sychronious re-transmission without ACK/NACK could be alternatively considered. In this case, if UE misses first transmission of a packet, UE combines it with second and/or third transmission of the packet after receving re-transmission. Since there is ACK/NACK in uplink, there is no uplink interference due to HS-DPCCH chanel.
2.3
Shorter TTI
TTI length of HSDPA is 2 ms which is shorter than R99 TTI length. If 2 ms TTI is introduced to CELL_FACH state, latency of signalling procedure in CELL_FACH could be reduced. 
However, large length of TTI is better than short length of TTI for common channel transmission because large length of TTI can have some time diversity gain. Therefore, we need to investigate if 2 ms of TTI degrades performance of CELL_FACH transmission or not. 
If 2 ms TTI degrades performance of CELL_FACH, the existing shortest TTI of 10 ms or fast re-transmission of 2 ms TTI could be considered for HSDPA in CELL_FACH state.
2.4
Multi-code Transmission
HSDPA can have multi-code transmission of HS-PDSCH to increase data rate. Multi-code transmission can be easily utilized in CELL_FACH. Information on multi-code transmission should be indicated on downlink control channel.
2.5
Assocated Dedicated Channel
In CELL_DCH, DPCCH in UL and DL is associated with HSDPA transmission. Due to DPCCH, fast power control can be applied to HS-PDSCH and HS-DPCCH. However, in CELL_FACH, there is no dedicated physical channel. Thus, HSDPA should not be associated with a dedicated channel.
2.6
Downlink Control Channel
In CELL_DCH, HS-SCCH channel is used for transmitting HSDPA control information e.g. UE ID, MCS info, HARQ info. If MCS and HARQ are not used or slower than before, MCS info and HARQ info may not need to be transmitted on DL control channel. Thus, downlink control channel could be modified in CELL_FACH. 
If downlink control channel is modified, there are 2 options for downlink control channel.

1. CDM Option:
Control information on HS-SCCH in CELL_DCH is code multiplexed with data on HS-PDSCH. Like this, a new control channel can be introduced or HS-SCCH can be reused. In this case, CELL_FACH UE should receive additional code channel.
2. TDM Option: 
In CELL_FACH, downlink control information on SCCPCH is provided in a TDM manner i.e. control information such as TFCI are time multiplexed with data on SCCPCH. Like this, control information such as UE ID and TFRI can be time multiplexed with data on new HS-PDSCH. In case of multi-code transmission, only one code transmits control information like DPCH multi-code transmission.
2.7
Uplink Feedback Channel

Uplink feedback such as CQI and ACK/NACK in CELL_FACH cannot be same as in CELL_DCH as discussed before. If CQI or ACK/NACK is infrequently used, RACH could be used for slow feedback. At this moment, RACH is terminated in RNC, not NB. However, if RACH is used for this kind of feedback, RACH should be able to be terminated in NB, which is different from the existing architecture.
Another possility is not to use uplink feedback to minimize impact on specs. We think that if there is no significant gain from CQI and ACK/NACK, it seems to be better not to use uplink feedback.
5. Conclusion

In this document, we discussed how HSDPA can be introduced to CELL_FACH. We think that HSDPA in CELL_FACH cannot be same as in CELL_DCH. Some of HSDPA features may not be used or need to be modified in CELL_FACH.
Accordinly, we propose that the following HSDPA features be studied for DL enhancement in CELL_FACH:
· Multi-code transmission
· Downlink control channel transmitted in CDM or TDM manner
· Shorter TTI

· Fast NB-level re-transmission
In addition, multi-code transmission could be easily applied even to FACH/SCCPCH. The benefit of multi-code SCCPCH is that even non-HSDPA terminals can reduce latency e.g. for call setup due to higher data rate. It is noted that R6 MBMS terminals are capable of receiving up to 3 SCCPCH channels together in case of selection/soft combining. UE could use this capacity to receive multi-code SCCPCH at one cell. In this case, there would be no significant impact on specs.
Thus, we also propose to study multi-code transmission of SCCPCH to reduce latency of signaling.
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