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1. Introduction

After WG1 #38bis meeting, the discussion on the timing of control channels is on going. In this contribution, we consider the timing issue related on the alignment of E-HICH/E-AGCH/E-RGCH mainly focusing on 10 ms TTI. 

2. Alignment of E-HICH/E-AGCH/E-RGCH

We assume that E-HICH and E-RGCH are both 3 slot length even with 10 ms TTI [1]. Regarding the E-AGCH, we consider both of 3 slot length and 15 slot length [2], where the 15 slot length of E-AGCH is 5 times repeated version of 3 slot length of E-AGCH. To investigate the impact on the timing alignment of control channels, we should assume some time budget. The assumed time budget in this paper is in Table 1.

Table 1. Assumed time budget

	Td
	propagation delay, 0.5 slot

	Tnb
	Node B processing time, 7.5 +1 slot

	Tue
	UE processing time, 1 slot


2.1. Timing alignment between E-HICH/E-RGCH and E-AGCH in 10 ms TTI

We assume that E-HICH and E-AGCH are time aligned by 1 subframe level, that is, by 2 ms resolution. It is also assumed that Node B scheduler should know the retransmission status of a radio frame timing to be scheduled. Under these assumptions, we investigate the required number of HARQ processes in both cases of 3-slot alignment and 1-slot alignment between E-HICH and E-AGCH. 

Figure 1 (a) and (b) show the timing diagram of the two cases, where grey-shadowed boxes indicate the control signals from a non-scheduling cell in SHO. In this figure, E-AGCH signaling duration is assumed to be 2 ms for simplicity. As shown in the figure, the minimum required number of HARQ processes is 3 for both cases. As a result, there is no gain with 1-slot alignment between E-HICH/E-RGCH and E-AGCH over 3-slot alignment in the respect of number of HARQ processes, especially in 10 ms TTI. Therefore, it is proposed to have 3-slot timing alignment between E-HICH/E-RGCH and E-AGCH in case of 10 ms TTI.
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Figure 1. (a) Timing diagram of 3-slot alignment between E-HICH/E-RGCH and E-AGCH
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Figure 1. (b) Timing diagram of 1-slot alignment between E-HICH/E-RGCH and E-AGCH
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Figure 2. (a) Timing diagram with 10 ms AG signaling aligned by 10 ms timing boundary
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Figure 2. (b) Timing diagram with 10 ms AG signaling aligned by 2ms timing offset

2.2. Transmission timing of E-AGCH with 10ms signaling duration in 10 ms TTI

It was proposed to employ E-AGCH structure with 10 ms signaling duration in case of 10 ms TTI [1]. Figure 2 (a) illustrates the timing diagram in case of 10 ms E-AGCH signaling where all the AG commands are transmitted by same 10 ms frame boundary. In this case, the minimum required number of HARQ processes increases to 4 as shown in the figure. However, it is possible to reduce the required number of HARQ processes by having 10 ms E-AGCHs with different timing offset [2]. Figure 2 (b) shows the timing diagram in case of 10 ms E-AGCHs with 2 ms timing offset. In this case, the minimum required number of HARQ processes can be kept as 3 under the restriction that UEs in a cell are grouped by 5 transmit timings and each group is assigned by an E-AGCH with an appropriate timing offset. Therefore, it is proposed to have 2ms-resolution timing offset in case of having multiple 10ms-length E-AGCHs.
2.3. Timing alignment between E-HICH/E-RGCH and E-AGCH in 2 ms TTI

For simplicity, ‘3-slot alignment’ of E-HICH, E-RGCH and E-AGCH can be adopted for 2 ms TTI as proposed in 10 ms TTI for consistency. However, if we want to optimize the delay performance, we can consider ‘1 slot alignment’. ‘1 slot alignment’ may give benefit in the point of node B processing time and may, especially, reduce the delay requirement for combining E-HICH and E-RGCH in active sets in soft handover. 

3. Recommendations

We investigated the timing alignment of E-HICH/E-RGCH, and E-AGCH for 10 ms TTI and 2 ms TTI. Based on the discussion, we recommend the followings.

- For 10 ms TTI, we recommend ‘3 slot alignment’ of E-HICH, E-RGCH, and E-AGCH

- For 2 ms TTI, we recommend ‘3 slot alignment’ of E-HICH, E-RGCH, and E-AGCH for consistency with 10 ms TTI. However, if we want to optimize the delay requirement, we can consider ‘1 slot alignment’ of E-HICH, E-RGCH, and E-AGCH.
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