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1. Introduction

This document discusses timing issue on EUDCH. We discuss following topics.
- TTI length for E-AGCH, E-HICH and E-RGCH
- Timing relation and granularity for E-AGCH, E-HICH and E-RGCH
- Timing relation with P-CCPCH and power variations
- Minimum UE and Node B processing time
- Number of HARQ processes
- Timing relations and corresponding subframe relations

2. Preconditions
TTI length for E-AGCH/E-HICH/E-RGCH
We propose following TTI length for E-AGCH, E-HICH and E-RGCH
- In case of 2ms TTI is used for E-DPCCH/E-DPDCH, 2ms TTI is used for E-AGCH/E-HICH/E-RGCH.
- In case of 10ms TTI is used for E-DPCCH/E-DPDCH, 10ms TTI is used for E-AGCH/E-HICH/E-RGCH.
We think to allow different configuration between downlink TTI and uplink TTI increases implementation and testing complexity. Therefore, we propose only one downlink TTI length corresponding to uplink TTI length.
Only to have 10ms TTI in E-AGCH/E-HICH/E-RGCH in uplink 10ms TTI means not to allow timing multiplexing of E-HICH and E-RGCH among different UEs.
Timing relation between E-HICH and E-RGCH

We propose E-HICH and E-RGCH are aligned in timing. The UE required processing time for E-RGCH could take longer than the one for E-HICH. But the offset between E-HICH and E-RGCH does not useful for UE because whether retransmission or not is decided after the reception of E-HICH.
Timing granularity of dedicated channel (dedicated E-RGCH and E-HICH)
From code orthogonality point of view, minimum timing granularity is 1 slot. But further design limitation varies depending on the design policy on how one try to have common behaviour between common channels (common E-RGCH and E-AGCH), which is several UEs share one code (or signature sequence) and dedicated channels (dedicated E-RGCH and E-HICH), which is only one UE receive it. The smaller granularity one can obtain more processing time for UE/Node B in dedicated channels or reduction of round-trip time, the more difference between common channel and dedicated channel are required. There are three options on the granularity on dedicated channels.
- 1 slot granularity:

The timing design is different between (E-AGCH, common E-RGCH) and (dedicated E-RGCH, E-HICH) in both 2ms TTI and 10ms TTI because the merit of UE specific 1 slot granularity is only obtained in dedicated E-RGCH and E-HICH. Common E-RGCH and E-AGCH is always 3 slot granularity in 2ms TTI and 15 slots granularity in 10ms TTI.
- 3 slots granularity:
The timing design is common among (E-AGCH, common E-RGCH, dedicated E-RGCH, E-HICH) in 2ms TTI.

The timing design is different between (E-AGCH, common E-RGCH) and (dedicated E-RGCH, E-HICH) in 10ms TTI.
- 15 slots (1frame) granularity:

The timing design is common among (E-AGCH, common E-RGCH, dedicated E-RGCH, E-HICH) in both 2ms and 10ms TTI.
SHO requires alignment in each cell. Therefore, the time consumed by SHO alignment is different depending on granularity level. In following table, we summarize the difference of SHO margins. E-AGCH is only from E-DCH serving cell. So no SHO margin discussion is required.
Table 1: SHO margin for 1 slot granularity:
	
	2ms TTI
	10ms TTI

	Common E-RGCH
	3 slots
	15 slots

	E-HICH, Dedicated E-RGCH
	2 slots
	2 slots


Table 2: SHO margin for 3 slots granularity:
	
	2ms TTI
	10ms TTI

	Common E-RGCH
	3 slots
	15 slots

	E-HICH, Dedicated E-RGCH
	3 slots
	3 slots


Table 3: SHO margin for 15 slots granularity:
	
	2ms TTI
	10ms TTI

	Common E-RGCH
	3 slots
	15 slots

	E-HICH, Dedicated E-RGCH
	3 slots
	15 slots


Among above three options, we propose to take 3 slots granularity because
- 15 slots are consumed for SHO margin in 10ms TTI for dedicated E-RGCH. This increase round-trip time too much.
- More common operation between common and dedicated is obtained by the cost of additional 1 slot SHO margin in 2ms TTI.
Timing relation with P-CCPCH
The simultaneous operation with HSDPA in a same cell is important scenario. In such cases, to align HS-SCCH boundary or HS-PDSCH boundary makes more efficient usage of Node B power resource. The Node B can fully utilize the power for EUDCH related channels and HSDPA related channels especially in 2ms TTI. Comparing two options between HS-SCCH aligned and HS-PDSCH aligned, the power allocation for HS-PDSCH is usually higher than the power allocation for HS-SCCH. Therefore, we propose E-AGCH/E-RGCH/E-HICH is aligned with HS-PDSCH boundary. This means possible transmission timing is following.

- For E-AGCH/E-RGCH/E-HICH in 2ms TTI are aligned with the beginning of 2 slots, 5 slots, 8 slots, 11 slot and 14 slot of P-CCPCH.
- For dedicated E-RGCH and E-HICH in 10ms TTI are aligned with the beginning of 2 slots, 5 slots, 8 slots, 11 slots and 14 slots of P-CCPCH.
- For E-AGCH and common E-RGCH in 10ms TTI are aligned with the beginning of 2 slot of P-CCPCH. 
Following figure shows a case that unused power of HS-PDSCH is allocated for E-AGCH/E-RGCH/E-HICH in 2ms TTI.
Fig 1. Power allocation between HSDPA related channels and EUDCH channels.
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In addition, we propose UE shall not assume the equal power allocation among different slots. UE also shall not assume relative change of EUDCH related downlink control channels to downlink DPCH inner loop power control. In other words, Node B is allowed to change the transmission power slot by slot for one E-AGCH/E-RGCH/E-HICH not to linear to power control behaviour of DPCH. This is especially merit in 10ms TTI. Probably to have the test case to change the power allocation among slots not linearly to power control in RAN4 would be safer side for the commercial operation of EUDCH because to have more processing time of UE by only receiving some part of E-AGCH/E-RGCH/E-HICH might be attractive for UE manufactures.
To allow different power allocation between slots makes to relieve the necessity of the alignment with HS-PDCH. But we propose to align with HS-PDSCH as majority of the case would be equal or relative allocation to power control of downlink DPCH.
UE processing time

We propose following time is reserved for UE processing time in both 2ms and 10ms.
	UE processing time from E-AGCH/E-HICH/E-RGCH to E-DPCCH/E-DPDCH
	minimum 4 slots


We think above values are rather relaxed requirement considering the technology EUDCH would be implemented. But the reason of taking such value is for the power consumption of UE. Usually digital logic is implemented by CMOS technology. The dynamic part of power consumption of CMOS can be expressed as

"CL×Vdd2×f".
CL is a capacitance.  Vdd is an operating voltage. f is a frequency. As one can see from the expression, lower voltage can reduce power consumption by square. But the lower voltage operation makes switching speed of CMOS slower. Therefore, relaxed timing requirement can reduce the operating voltage and could lead to lower power consumption of UE. 
Node B processing time

We propose following time is reserved for Node B processing time in both 2ms and 10ms. Note this is requirement and final value is described in section 3. 
	Node B processing time from E-DPCCH/E-DPDCH to E-AGCH/E-HICH/E-RGCH
	minimum 7 slots (This includes propagation delay in both uplink and downlink)


Uplink cell throughput value has been simulated and presented in RAN1. The maximum value presented so far according to our checking is around 4Mbps as cell throughput. On the other hand, HSDPA's highest UE capability category 10 is required to be processed around 14Mbps within 7.5 slots. The difference between 4Mbps and 14Mbps is around 3.5 times. In addition, the requirement of Node B power consumption is much relaxed than UE. This means Node B can use higher clock frequency than UE. The decoding process can finish early by using high clock frequency. This adds further margin for Node B's processing time. Further remark is the scheduler is located in Node B. The processing time are related to the number of bits to be processed. So if Node B processing time is not enough for the maximum bit rate of uplink transmission, the scheduler in Node B can reduce UE's bit rate. Taking into account these points, we think above requirement could be reasonable value.
Configurable Round trip time
We propose round trip time is not configurable. i.e. we propose one fixed RTT for one TTI. The reason is to avoid complicated behaviour of UE in SHO. Another option is to configure one RTT for one UE but system allows multiple TTI. Then Node B complexity also increases. Therefore, we propose one fixed RTT for one TTI.
3. Number of HARQ processes and timing relations
After the discussions of previous sections, we start the discussion of timing relations.
In case of E-HICH and dedicated E-RGCH, the round trip time of two extreme case that is UE's processing time is maximum and UE's processing time is minimum can be expressed in following.
TTTI for E-HICH/E-RGCH + TSHOmargin + TmaxUEprocess + TTTI for E-DPCCH/E-DPDCH + TminNodeBprocess = RTT1 (Equation 1)
TTTI for E-HICH/E-RGCH + TSHOmargin + TminUEprocess + TTTI for E-DPCCH/E-DPDCH + TmaxNodeBprocess = RTT2 (Equation 2)
RTT1 and RTT2 are same. Therefore, one can obtain following relation.
TmaxUEprocess + TminNodeBprocess = TminUEprocess + TmaxNodeBprocess 
TmaxUEprocess + 7 slots = 4 slots + TmaxNodeBprocess 

TmaxUEprocess = TmaxNodeBprocess  -3 slots (Equation 3)
In following sections, we discuss different TTIs using above equations.

2 ms TTI

Using equation 3, equation 1 can be expressed as following. Other fixed values are also allocated. The unit is slot in following equation.
RTT = 3 + 3 + TmaxNodeBprocess - 3 + 3 + 7 = TmaxNodeBprocess + 13
The round trip time should be multiple of TTI. TmaxNodeBprocess is bigger than TminNodeBprocess. Then we can obtain minimum round trip time is 21 slots. This is 7 HARQ processes. TminNodeBprocess is 8 slots and TminUEprocess is 4 slots.
The relation is shown in following figure. Although we started discussion on E-HICH and dedicated E-RGCH, E-AGCH and common E-RGCH can be expressed in the same relation in case of 2ms TTI because above 3 slot granularity proposal makes common behaviour between dedicated and common.
Fig 2. Timing diagram for 2ms TTI of E-HICH, E-RGCH and E-AGCH
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10 ms TTI with dedicated channels (E-HICH and dedicated E-RGCH)
Using equation 3, equation 1 can be expressed as following. Other fixed values are also allocated. The unit is slot in following equation.
RTT = 10 + 3 + TmaxNodeBprocess -3 + 10 + 7 = TmaxNodeBprocess + 27
The round trip time should be multiple of TTI. TmaxNodeBprocess is bigger than TminNodeBprocess. Then we can obtain minimum round trip time is 45 slots. This is 3 HARQ processes. TminNodeBprocess is 8 slots and TminUEprocess is 4 slots. The relation is shown in following figure.
Fig 3. Timing diagram for 10ms TTI of E-HICH and dedicated E-RGCH
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10 ms TTI with common channels (E-AGCH, common E-RGCH)  
In common channels, round-trip time is not as rigid as dedicated channel case. With 3 slots granularity, 2ms TTI can be handled with same approach with dedicated channels. 10ms TTI case requires different handling from dedicated channel case as discussed before.
4. Timing expressions 
In the following, we define subframe number as following:
- The start of E-DPCCH subframe 0 is aligned with DPCH frame boundary. The E-DPCCH subframe 1 is next subframe and so on.
- The E-HICH subframe 0 is the subframe that contains the first beginning of the E-HICH subframe in a P-CCPCH frame.
- DPCH,n is DPCH timing offset between the start of P-CCPCH and DPCH.
In SHO, UE have multiple DPCH,n  for each RL. Therefore, UE shall calculate following relation on each RL.
2 ms TTI

In case 90 < (DPCH,n /256)  ≤ 120, following table is applied on subframe relations.
	E-HICH/E-AGCH/E-RGCH subframe #
	0
	1
	2
	3
	4

	Corresponding E-DPCCH subframe #
	0
	1
	2
	3
	4

	E-HICH subframe # corresponding to above E-DPCCH#
	2
	3
	4
	0
	1


In case 120 < (DPCH,n /256)  ≤ 149 and (DPCH,n /256) = 0, following table is applied on subframe relations.
	E-HICH/E-AGCH/E-RGCH subframe #
	0
	1
	2
	3
	4

	Corresponding E-DPCCH subframe #
	4
	0
	1
	2
	3

	E-HICH subframe # corresponding to above E-DPCCH#
	2
	3
	4
	0
	1


In case 0 < (DPCH,n /256) ≤ 30, following table is applied on subframe relations.
	E-HICH/E-AGCH/E-RGCH subframe #
	0
	1
	2
	3
	4

	Corresponding E-DPCCH subframe #
	3
	4
	0
	1
	2

	E-HICH subframe # corresponding to above E-DPCCH#
	2
	3
	4
	0
	1


In case 30 < (DPCH,n /256) ≤ 60, following table is applied on subframe relations.
	E-HICH/E-AGCH/E-RGCH subframe #
	0
	1
	2
	3
	4

	Corresponding E-DPCCH subframe #
	2
	3
	4
	0
	1

	E-HICH subframe # corresponding to above E-DPCCH#
	2
	3
	4
	0
	1


In case 60 < (DPCH,n /256) ≤ 90, following table is applied on subframe relations.
	E-HICH/E-AGCH/E-RGCH subframe #
	0
	1
	2
	3
	4

	Corresponding E-DPCCH subframe #
	1
	2
	3
	4
	0

	E-HICH subframe # corresponding to above E-DPCCH#
	2
	3
	4
	0
	1


10 ms TTI
In case 90 < (DPCH,n /256) ≤ 120, E-HICH and dedicated E-RGCH is transmitted 2x2560 chips later from P-CPICH boundary.
In case 120 < (DPCH,n /256)  ≤ 149 and  (DPCH,n /256) = 0, E-HICH and dedicated E-RGCH is transmitted 5x2560 chips later from P-CPICH boundary.

In case 0 < (DPCH,n /256)  ≤ 30, E-HICH and dedicated E-RGCH is transmitted 8x2560 chips later from P-CPICH boundary.

In case 30 < (DPCH,n /256)  ≤ 60, E-HICH and dedicated E-RGCH is transmitted 11x2560 chips later from P-CPICH boundary.

In case 60 < (DPCH,n /256) ≤ 90, E-HICH and dedicated E-RGCH is transmitted 14x2560 chips later from P-CPICH boundary.

E-AGCH and common E-RGCH are transmitted is transmitted 2x2560 chips later from P-CPICH.
5. Conclusion

We propose to adopt described timing relation is used in EDTCH. We propose following:
- In case of 2ms TTI is used for E-DPCCH/E-DPDCH, 2ms TTI is used for E-AGCH/E-HICH/E-RGCH. In case of 10ms TTI is used for E-DPCCH/E-DPDCH, 10ms TTI is used for E-AGCH/E-HICH/E-RGCH.

- E-HICH and E-RGCH are aligned in timing.
- Timing granularity of E-HICH (2ms, 10ms TTI), dedicated E-RGCH (2ms, 10ms TTI), common E-RGCH (2ms TTI) and E-AGCH (2ms TTI) is 3 slots. Timing granularity of common E-RGCH (10ms TTI) and E-AGCH (10ms TTI) is 15 slots.
- The start boundary of EUDCH related channels are aligned with HS-PDSCH.
- UE shall not assume the equal power allocation among different slots.

- The number of HARQ process is 7 in 2ms TTI and 3 in 10ms TTI.

- UE minimum processing time is 4 slots. Node B minimum processing time is 8 slots.
- Round-trip time is not configurable. That is one fixed RTT for one TTI.
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