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1 Introduction
At TSG RAN #33 in September a new Work Item “Enhanced CELL_FACH state in FDD” was started to improve packet data performance in CELL_FACH. This contribution presents how the HS-DSCH can beneficially be applied to enhance data and signaling performance in CELL_FACH.
2 Using HS-DSCH in CELL_FACH
A major difference to CELL_DCH is the lack of a dedicated UL channel. This means that a range of HSDPA functions relying on the dedicated UL need to be revisited. This chapter lists some of the changes needed to current HSDPA in order to make it work in CELL_FACH. 

2.1 MCS selection

Link Adaptation is one of the corner stones of HS-DSCH operation and needs modification to work in CELL_FACH, with lack of a dedicated feedback channel for CQI reporting. Continuous CQI transmission as in CELL_DCH is not feasible over RACH since it would increase the RACH load too much. For users in CELL_FACH with low activity this may also not be required. However, it is felt that some input for MCS selection would be beneficial. Several options can be considered:

1. Measurements provided by UEs in RRC messages including the IE "Measured results on RACH" can be used as input for MCS selection.

2. Including a CQI report in each random access message. Since large part of the traffic in CELL_FACH is of handshake type, there is a large probability that an uplink message will be followed by a downlink message, for which the CQI report can be used.

3. Methods can be used to adapt link adaptation to the UE with the highest path loss in the cell. UEs can be configured to send CQI information on RACH when reception of the HS-DSCH is no longer possible. The number of measurement reports can be reduced by letting the NodeB broadcast the used CQI, and order UEs send CQI reports only if their measured CQI is lower than the broadcasted CQI.

4. RLC status reports can be used to determine the number of retransmissions for users in CELL_FACH, and this information can be used to select proper MCS. 

A problem with measurements provided on RACH is that they are terminated in RNC, whereas this information is needed in the NodeB. This means that for this to work, some means of forwarding this information down to the NodeB over Iub must be provided.

Proposal: For Rel-7, it is assumed sufficient to use the existing RACH measurement as input for link adaptation. 
2.2 HARQ

Although it would be theoretically possible to transmit HARQ feedback on the RACH channel, this would be rather slow with the current random access procedure. It would also significantly increase the RACH load and is therefore not deemed a viable solution. Instead, retransmissions should be performed by RLC, or triggered by L3 in case of UM RLC.

Without HARQ feedback, there is still the option to perform fast repetitions on the MAC layer by using information in the HS-SCCH frame to allow UE to perform soft combining of these to correct errors in the radio transmission, much the same way as for HARQ, but in a static way. Simulation results in ‎[5] indicate that fast repetitions will be needed to reach reasonable BLER figures. Different options for repetition intervals can be considered:

1. Since no feedback is required from the UE, HARQ repetitions can be transmitted in consecutive TTIs. This minimizes the radio transmission time, but not necessarily the total delay the since UEs will probably need to receive all repetitions before starting the processing. 

2. Another option is to leave some TTIs between each repetition, giving the UE time to process each transmission before performing the repetition. This gives the gain of early termination in case of successful decoding in the UE. Also, better time diversity is reached as the transmission is spread out over time. The time interval between repetitions should be chosen so that the UE has time to process the data in-between, e.g. 1-2 TTIs.
3 MAC PDU header

As seen in figure 1 below, keeping the current MAC headers for using HS-DSCH in CELL_FACH will produce a respectable amount of L2 overhead. The size of each MAC header field is given in bits. The size depends on the used logical channel. The typical MAC header size becomes 45 bits for DTCH or DCCH in CELL_FACH. 
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Figure 1: L2 overhead for data on HS-DSCH in CELL_FACH

In this chapter we elaborate upon possible optimizations of the MAC-c header. These optimizations should be considered with other enhancements needed e.g. to support high data rates (as presented in ‎[4]).
3.1 UE id

The UE-id and UE-id type fields in the MAC-c header are used in CELL_FACH to identify the user in Rel-6. With HS-DSCH, the H-RNTI on HS-SCCH can also be used to identify RRC connected users in CELL_FACH. Then, C-RNTI on MAC-c is not needed for these users and can be removed. Users without RRC connection would use a common H-RNTI. When Cell Update Confirm is transmitted on DCCH, the common H-RNTI is used and U-RNTI is still needed on MAC-c to identify the user.

It has been shown in ‎[3] that with 211 = 2048 H-RNTIs allocated with Hamming distance 4, the probability of false HS-SCCH detection, and subsequent receiving of HS-DSCH data intended to another user, is negligible. If more than 2048 users are allocated a H-RNTI, the probability of false HS-SCCH detection increases. In the case of false HS-SCCH detection, data intended to another user may be delivered to higher layers, probably causing an RLC reset. However, if the bit error leading to false HS-SCCH detection is in the information part, the UE may anyway not succeed in decoding the HS-DSCH part, and not harm is done. 
Working assumption: H-RNTI can be used for UE specific control or data in CELL_FACH.
3.2 MAC multiplexing
In it’s current form, the MAC headers support multiplexing on all three levels. We feel that this could be streamlined to reduce the total MAC overhead. In RAN2#56, it was discussed to remove C/T field from the MAC-d header. It was discussed that multiplexing from different logical channels in one TTI should also be introduced. Both these optimizations were included in 25.999, and should therefore be considered in the update of the MAC headers. Possible updates of MAC-d and MAC-hs headers are presented in ‎[4].
Proposal: Remove the TCTF field from MAC-c header and integrate into logical channel id on MAC-hs. CCCH, CTCH and PCCH shall use separate common H-RNTI on HS-SCCH.
4 Data transmission
Information needed in the UE on how to read the HS-DSCH in CELL_FACH (e.g. HS-SCCH code, H-RNTI representing FACH etc) shall be broadcasted on BCCH. The HS-SCCH used to schedule users in CELL_FACH can be shared with CELL_DCH users.
UEs in CELL_FACH shall continuously monitor the HS-SCCH for scheduling information. Once data is scheduled on the H-RNTI allocated to the user, the UE decodes the HS-DSCH and receives the MAC PDU. Several repetitions may be used to correctly transmit the MAC PDU. 
5 Conclusion and proposal
This contribution has presented several aspects around using HS-DSCH as the transport channel the in enhanced CELL_FACH state. It is proposed that the HS-DSCH is taken as the working assumption for further work in the Work Item to define the enhanced CELL_FACH state. Below are some motivations for the use of HS-DSCH in enhanced CELL_FACH.
· Increased flexibility. With S-CCPCH, the number of codes for each user is fixed, and can only be changed with system information, whereas with HS-DSCH the number of codes can be dynamically changed in each TTI, depending on the amount of data that is to be transmitted. 

· Improved channel switching performance. If MAC headers and H-RNTI can be kept the same for both CELL_FACH and CELL_DCH, data traffic can continue also during channel type switching. UE continuously monitors H-RNTI on HS-SCCH. Currently, data transmission is suspended during channel type switch.
· Improved support for background traffic. With the enhanced paging procedure presented in ‎[6], the scheme can be extended to support data delivery also in CELL_PCH state. This means that data can be delivered to users without the RRC overhead to perform channel switch to CELL_FACH or CELL_DCH.
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