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1. Introduction

In this paper, we propose downlink signaling structure for E-DCH including scheduling assignment and HARQ ACK/NACK for both 2ms TTI and 10ms TTI.

2. Basic contents and structure of downlink signaling

2.1 scheduling assignment

We suggest the required contents of the downlink scheduling assignment as follows.

( Allowed transmit power offset for UL transmission

An allowed transmit power offset relative to the UL DPCCH power should be transmitted as a scheduling assignment. As discussed in [1], 5 bits would be sufficient for this information.

( Allowed transmit time

A TTI duration allowed to transmit E-DPDCH data with the allowed transmit power offset. As discussed in [1], 5 bits would be sufficient for this information.

( CRC

10 bit CRC may be attached to prevent UEs from misunderstanding the unintended scheduling assignments (SA) for theirs.

( UE ID

As in HS-SCCH, 20 bits UE ID may be used to mask the channel bits of SA rather than transmitted explicitly. 

For an example of 2ms TTI, we propose total 20 bits information of SA should be transmitted. In 2ms TTI, The SA bits may be encoded with 1/3-rate convolutional coding and spread with SF = 256.

2.2 ACK/NACK signaling

( ACK/NACK multiplexing

Downlink ACK/NACK channel should be allocated to every active UEs in a. For an efficient utilization of downlink OVSF codes, it is proposed to discriminate the ACK/NACK channels between different UEs by symbol-level orthogonal sequence [2][3]. 

For an example of 2ms TTI and SF=256, 30 BPSK symbols can be transmitted within 3 slots. Among 30 BPSK symbols, 28 BPSK symbols are modulated with expanded Hadamard sequences of length of 28; 2 BPSK symbols are reserved. This would allow 56 UEs to be supported by one downlink OVSF code channel when using I-phase and Q-phase symbols independently.

3. Structure and timing of downlink signaling for 2ms and 10ms TTI

3.1 scheduling assignment

( Scheduling assignment for 2ms TTI

For 2ms TTI, the timing of downlink SA transmission and the corresponding uplink E-DPDCH transmission are illustrated in Figure 1(a). 

The scheduling delay (the time between the end of the transmission of downlink SA and the start of the corresponding uplink E-DPDCH transmission) ranges from (uep + (d to 2ms + (uep + (d, where (uep is a processing delay at UE and (d is a propagation delay. This variation of scheduling delay is inevitable since a SA channel should be shared different UEs with different uplink transmission timings. However, Node B can know the scheduling delay of each UE so that Node B may consider the different delays in scheduling.

( Scheduling assignment for 10ms TTI

For 10ms TTI, we propose to reuse the same SA structure as that of 2ms TTI. We suggest single transmission and 5-times repetition of 2ms TTI SA for 10ms TTI SA for simplicity and efficiency. Hereinafter, for convenience of notation, the single transmission SA denotes the single transmission of 2ms TTI SA and the 5-times repetition SA denotes 5-times repetition of 2ms TTI SA. The 5-times repetition SA will be used by the UEs with low geometry or unfavourable channel environment; while the single transmission SA will be used by the UEs near the centre of Node B [4].  The details are depicted in Figure 1(b). 

Single transmission SA makes it possible to time-multiplex SA commands to different UEs within 10ms radio frame. Hence downlink OVSF codes can be utilized efficiently. Moreover, single transmission SA for 10 ms TTI UEs and SA for 2 ms TTI UEs may be transmitted via common OVSF code channel by time division multiplexing since the single transmission SA has the exactly same structure as SA for 2ms TTI. 

The 5-times repetition SA has the 10ms length so that the scheduling delay would be up to 10ms + (uep + (d. This large delay could be reduced if several downlink SA channels are multiplexed and the frame boundaries of 10ms for those SA channels are distributed with different time-offsets. For example, we may have 5 SA channels with 5 different timing offset to the radio frame boundary of P-CCPCH, that is, 0ms, 2ms, 4ms, 6ms and 8ms. In this case, Node B may select a SA channel which minimizes the scheduling delay to the intended UE when 5-times repetition SA is to be used.

In addition, the scheduling delay could be reduced if single transmission SA is used. That is because the signalling length of single transmission is 2ms so that the maximum scheduling delay would be the same as the case of 2ms SA for the 2ms TTI. 
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Figure 1. Timing of downlink scheduling assignment

3.2 ACK/NACK signaling

( ACK/NACK for 2ms TTI

For 2ms TTI, the timing of uplink E-DPDCH transmission and the corresponding downlink ACK/NACK transmission are shown in Figure 2(a). 

For example, with the proposed configuration of SF=256 and 28 bit expanded Hadamard sequence, the ACK/NACK delay (the time between the end of the transmission of uplink E-DPDCH and the start of the corresponding downlink ACK/NACK transmission) ranges from minimum (nbp + (d to maximum 2ms + (nbp + (d, where (nbp is a processing delay at Node B and (d is a propagation delay. This variation of ACK/NACK delay is inevitable since ACK/NACK timing of different UEs should be aligned to maintain the orthogonality between different ACK/NACK channels. 

In 2ms TTI, the required minimum number of HARQ process will be 4 or 5 depending on the uplink transmission timing of each UE, if the Node B processing time is assumed to be much smaller than 2ms. For example, in Figure 2(a), UE3 requires at least 5 HARQ processes while UE1, UE2 and UE4 can operate with 4 HARQ processes.

( ACK/NACK for 10ms TTI

The timing of uplink E-DPDCH transmission and the corresponding downlink ACK/NACK transmission for 10ms TTI are shown in Figure 2(b). 

For 10ms TTI, we propose to reuse the same ACK/NACK signalling structure as that of 2ms TTI. The method of reusing ACK/NACK for 10ms TTI is the same as that of SA for 10ms TTI. Therefore single transmission ACK/NACK and 5-times repetition ACK/NACK of 2ms TTI ACK/NACK are to be introduced for 10ms TTI ACK/NACK. The details are depicted in Figure 2(b). Hereinafter, for convenience of notation, the single transmission ACK/NACK denotes the single transmission of 2ms TTI ACK/NACK and the 5-times repetition ACK/NACK denotes 5-times repetition of 2ms TTI ACK/NACK. 

Single transmission ACK/NACK structure makes it possible to time-multiplex ACK/NACK commands for different UEs within 10 ms radio frame so that the downlink OVSF codes can be utilized efficiently. 

The 5-times repetition ACK/NACK has the 10ms length so that the ACK/NACK delay would be up to 10ms + (nbp + (d. This large delay could be reduced if several downlink ACK/NACK channels are multiplexed and the frame boundaries of 10ms for those ACK/NACK channels are distributed with different time offsets. In addition, the ACK/NACK delay could be reduced if single transmission ACK/NACK is used. Moreover, the delay of 5-times repetition ACK/NACK can be made same with that of ACK/NACK for 2ms TTI by aligning different timing offsets by 2 ms resolution for the 10 ms radio frame boundary for the ACK/NACK channels to the different UEs.

In 10ms TTI, the required minimum number of HARQ process will be 2 or 3 if the Node B processing time is assumed to be much smaller than 2ms. For example, in Figure 2(b), UE5 and UE6 requires at least 3 HARQ processes while UE1, UE2, UE3 and UE4 can operate with 2 HARQ processes. 
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Figure 2. Timing of downlink ACK/NACK signaling

5. Conclusions
The structure of downlink scheduling assignment channel and downlink ACK/NACK signaling channel are proposed. The timing relationship between uplink E-DPDCH and the downlink signaling channels are also proposed. The summary is as follows.

( SA for 2ms TTI

· allowed transmit power offset relative to the UL DPCCH power
· allowed transmission time

· CRC attached and UE-ID masked

( SA for 10ms TTI

· same contents as those of 2ms TTI

· reuse of SA for 2ms TTI (single transmission SA or 5-times repetition SA)

· distributed frame boundaries with different time-offsets between different SA channels

( ACK/NACK for 2ms TTI

· UE multiplexing by CDM (with symbol-level orthogonal sequences)

( ACK/NACK for 10ms TTI

· reuse of ACK/NACK for 2ms TTI (single transmission ACK/NACK or 5-times repetition ACK/NACK)

· distributed frame boundaries with different time-offsets between different UEs

· UE multiplexing by hybrid of CDM (with symbol-level orthogonal sequences) and TDM

We suggest to consider the proposed methods as working assumptions for the structure of the downlink signaling of E-DCH.
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