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1
Introduction

It is proposed in [1] and largely discussed that UE in enhanced CELL_FACH state cannot send CQI to support CQI based scheduling nor it can send ACK/NACK for HARQ operation. It is observed in [2] that in the absence of initial link adaptation, 3-4  ‘quick repeat’ transmissions is needed to ensure 95% coverage of the message, if Node-B HS-FACH power consumption is to be maintained at a reasonable level. In the absence of CQI and ACK/NACK feedback, it is preferable to reduce size of control messages to improve reliability over air interface. We have focussed our contribution towards reducing the control plane and state transition latency by reducing the size of control message causing a state transition.
2
State transition messages
Messages which cause a state transition are quoted in Table 1. Here the Node B communicates atleast 300 bits of control data to effect a state transition from CELL_FACH to CELL_DCH. 
Table 1: Messages that cause a state transition

	RRC Message causing CELL_FACH ((CELL_DCH with HS-DSCH/E-DCH
	RRC Message Size*

	CELL Update confirm
	300 - 360

	Radio bearer reconfiguration
	552

	Transport channel reconfiguration
	552

	Physical channel reconfiguration
	< 552


*Note: Only RRC message size is mentioned in the table. Depending on the number of PDU used in sending the RRC message, RLC header (2 bytes * no. of PDUs + 1) + MAC header (3 or 5 bytes of UE ID * no. of PDUs) + L1 (24 bit CRC * no. of PDUs) and 1/3 rate channel coding are added.
Example: Considering CELL UPDATE CONFIRM message size of 300 bits and assuming 336 bits RLC PDU size, 384 bits (3 bytes of MAC header + 24 bits CRC) are required for each transmission. Three "Quick repetitions" as per [2] would lead to 384 * 3 = 1152 bits. Considering 1/3 rate coding, 3456 bits are required for transmitting a control message for a state transition which is a loss of achievable throughput. Our proposal is to reduce the number of bits used to effect such a state transition.

3
Message size reduction
CELL UPDATE CONFIRM/ PHYSICAL CHANNEL RECONFIGURE messages contain Physical channel configuration for use in CELL_DCH which generally don’t change from what UE had received previously while transition to CELL_DCH. The UE could store the previously received configurations [3] and on indication by network can switch to CELL_DCH using those stored configurations. In this case very less signalling (in the order of a few bits) would be sufficient to order the UE to transition to CELL_DCH. The network indication to switch to CELL_DCH can be sent through a L1 HS-SCCH control signalling (may be something similar to HS-SCCH type 2 order for DRX/DTX On/Off like in case of CPC), avoiding the need for an explicit HS-PDSCH payload for the purpose. Similar scheme can be used for transition from CELL_DCH to CELL_FACH.
In the context of enhanced CELL_FACH where no ACK/NACK and CQI is fed back to network and HS-PDSCH is not used, some of the HS-SCCH fields like CCS, TFRC, HARQ, and Redundancy & Constellation version are redundant which could be reinterpreted to carry a state transition order. As explained in section 2, such reduction in message size is desirable considering the quick repetitions to be done by Node B in the absence of HARQ ACK/NACK in Enhanced CELL_FACH state. 
Under low to medium network load, the F-DPCH and E-RGCH codes may not be reallocated [3] and hence the stored configuration can be used straight away without any reconfiguration of F-DPCH/ E-RGCH parameters. Since nothing new is being reconfigured integrity protection may not be required of this minimal state transition order on L1 HS-SCCH. Some limited reconfiguration of physical layer parameters (F-DPCH/ E-RGCH parameters) can be supported; however this would be limited by the number of bits available on HS-SCCH. If some parameters are reconfigured, at most a fake base station would only achieve a denial of service attack which is not much of a concern. It should be noted that ciphering protection for state transition order is still possible.
On receiving the state transition order, UE would reconfigure to CELL_DCH and respond with a physical channel reconfiguration complete through a regular RRC signalling on RACH. Network may repeat the state transition order on HS-SCCH 3 to 4 times to achieve good detection probability [2]. In case Network does not receive any response, it may start repetitions again. CELL_DCH to CELL_FACH order is easily implemented on similar lines as HS-SCCH order for DRX/DTX on/off with the use of ACK signalling on HS-DPCCH [4].
RAN2 may check with RAN1 if 3 to 4 quick repetitions are sufficient to provide the needed reliability. In case not, RLC ACK can be provided. A sequence number field or a network generated random number can be incorporated in the HS-SCCH signalling which may be replied by the UE through ACK. If UE specific CRC on the HS-SCCH fails, UE may not know whether it was scheduled and UE’s decoding is in error or it was not scheduled. Hence UE may not be able to send a NACK.
The following information might be required to transmit such a minimized state transition order on HS-SCCH.
1) A UE ID specific to UE (dedicated H-RNTI) to address the UE

2) The state transition order Indication (CELL_DCH (( CELL_FACH and CELL_FACH ( CELL_PCH)
3) NDI field to indicate new a transmission or a repetition

4) The minimum signalling can be extended to include

a. E-RGCH/ F-DPCH reconfiguration information

b. Sequence number or any network generated random number to support RLC ACK/NACK

c. Integrity information

The reduced state transition signalling can be sent through HS-SCCH may be something similar to HS-SCCH type 2 order for DRX/DTX on/off for CPC. Examples of the HS-SCCH signalling schemes are mentioned in section 6. However the actual HS-SCCH formats are left to RAN1.
Cell update confirm or Physical channel reconfiguration messages for the purposes of cell change, SRNS relocation, hard handover or assignment of C/H-RNTI should be sent as a complete message on HS-PDSCH. 
4
Advantages 
The advantages for reducing the size of message communicating the state transition are:- 

1) HS-SCCH is transmitted with sufficient power with 1/3 rate coding to achieve good cell edge detection performance and using this for transmission of state transition order improves reliability compared to that transmitted over HS-PDSCH

2) This could lead to fewer retransmissions/ repetitions
3) No need of link adaptation and MCS selection to communicate state transition command on HS-SCCH. So an initial measurement/ CQI report on RACH is not required to send a state transition command to UE, especially useful if this scheme is used to switch UE to CELL_PCH due to inactivity in CELL_FACH
4) Reduced latency in communication due to fewer retransmissions
5) HS-PDSCH need not be used, leading to higher utilization of code space and increased cell throughput

6) More efficient utilization of Node B power resources 
5
Conclusions

In this proposal we have tried to reduce the size of RRC messages affecting a state transition by using the previously received and stored configuration. We have observed that the reduced state transition message can be communicated in the HS-SCCH itself by reinterpreting redundant fields in HS-SCCH (HARQ, TFRC and R & C). HS-PDSCH need not be used to communicate a state transition command, there by improving code space utilization. Since HS-SCCH is 1/3 rate encoded and also transmitted at a higher power, higher link reliability is achieved. Also since transmission is on HS-SCCH, Initial link adaptation using MCS selection is not necessary for communicating a state transition command. Some extensions to the NBAP/RNSAP signalling would be required. If RAN2 sees advantages in the proposed scheme, it is suggested that it sends a LS to RAN1 for detailed study on possible HS-SCCH slot formats and link performance. 
6
Annex

Based on the redundant fields in HS-SCCH, state transition order can be sent on the lines of HS-SCCH type 2 as shown in Figure 1 or a new HS-SCCH type for enhanced CELL_FACH can drawn as shown in Figure 2.
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Figure 1: Reinterpreted fields of HS-SCCH in lines with HS-SCCH type2
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Figure 2: Reinterpreted fields of HS-SCCH
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