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1 Introduction
In Enhanced Uplink feature, it’s assumed that E-RGCH/E-AGCH have a common timing relation (i.e. they are aligned with the frame boundaries of P-CCPCH) and E-HICH has a dedicated timing relation. The Enhanced Uplink physical channels (E-DPCCH/E-DPDCH) should be aligned with the timing for the dedicated uplink physical channels (DPCCH/DPDCH).

Because of the uncertain timing relations between uplink and downlink, the round trip time can not be exactly decided. However, as synchronous HARQ requires precise timing and scheduling for the HARQ processes, it is necessary to estimate the uncertainty for round trip time and deduct reasonable HARQ processing time for both UE and Node B. As a result of these timing estimates it is possible to find out the maximum number of HARQ processes needed to enable synchronous HARQ when the number of HARQ processes is fixed during E-DCH transmission.

2 Timing relation analysis

2.1 Relations to TTI lengths

According to synchronous HARQ, Node B feedback ACK/NACK for HARQ the process in the corresponding E-HICH TTI, the UE shall only decide and schedule what to transmit in the corresponding HARQ process’s TTI if an ACK/NACK have been received.

For E-AGCH and E-RGCH, the scheduler decisions shall be made after Node B has received the corresponding E-DCH TTI.

The following is agreed in RAN#39:

E-DCH TTI 2ms：

· E-HICH duration is 3slot，TTI is 2ms

· E-RGCH duration is 3slot，TTI is 2ms

· E-AGCH duration is 3slot，TTI is 2ms
E-DCH TTI 10ms：

· E-HICH TTI can be 2ms or 10ms，for 10ms, repeat 2ms sub-frame 5 times

E-RGCH TTI can be 2ms or 10ms，for 10ms, repeat 2ms sub-frame 5 times

· E-AGCH TTI can be 2ms or 10ms，for 10ms, repeat 2ms sub-frame 5 times
With the agreement in RAN#39, all the possible combinations of durations and granularities for E-HICH/E-RGCH/E-are listed as following:
For E-DCH TTI = 2ms :

the duration for AG/RG signalling is 2ms and the alignment granularity is 3-slots
· the duration for ACK/NACK signalling is 2ms and the alignment granularity is 3-slots
 For E-DCH TTI = 10ms
· the duration for RG signalling is 2ms , the alignment granularity  is 3-slots.
· the duration for AG signalling is 2ms, the alignment granularity is 3-slots.

· the duration for RG signalling is 2ms, RG is repeated 5 times and the alignment granularity  is 15-slots.
· the duration for AG signalling is 2ms, AG is repeated 5 times and the alignment granularity is 15-slots.

· the duration for ACK/NACK signalling is 2ms , the alignment granularity  is 3-slots.
· the duration for ACK/NACK signalling is 2ms, ACK/NACK is repeated 5 times and the alignment granularity is 3-slots.

The timing relations between E-HICH/E-RGCH/E-AGCH and E-DPCCH/E-DPDCH are shown in Figure 1(E-DCH TTI 2ms) and Figure 1(E-DCH TTI 10ms).
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Figure 1 Time relations between common timing E-HICH and E- DCH（E-DCH TTI =  2ms）
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Figure 2 Time relations between common timing E-HICH and E-DCH（E-DCH TTI =  10ms）

Where in Figure 1 and Figure 2 the following definitions are used:
T prop 
The propagation delay from Node B to UE (0.2ms for 60 km distance)

τ 
The time offset between P-CCPCH frame boundary and start of the DL DPCH (256 chips granularity)
T 0    
The time between the UE receives DL DPCH and the transmitting of UL DPCH (1024 chips)

T UE  
The time used for UE to decoding ,E-TFC selection, coding and waiting for transmission etc.

Min(T UE)  The actual time used for UE to decoding ,E-TFC selection, coding etc.

T delta  
The time between the reception of the HICH TTI and the transmitting of E-DCH TTI (also 256chips granularity)
T NB  
The time used for Node B to decodeE-DCH, schedule  RG/AG, code ACK/NACK and waiting for transmission etc.

Min(T NB)  The actual time used for Node B to decodeE-DCH, schedule  RG/AG, code ACK/NACK etc.

From Figure 1 we can deduce the following equation(0,1) when TTI E-DCH = 2ms:

(Tx  + Tdelta  ) mod 2ms = TTIE-HICH


--equation 0

T prop  + Tx +  TUE + Tdelta  + TTI E-DCH + T prop + T NB = N*TTI   
--equation 1

where Tx = (τ+ T 0) mod 7680 chips

From Figure 2 we can deduce the following equation (2) when TTI E-DCH = 10ms:

T prop  +Tx + TUE – 2ms + T delta + TTI E-DCH + T prop + T NB = N*TTI 
--equation 2

 where Tx = ((τ+ T 0) mod 7680chips) + 7680chips  if TTIE-HICH = 2ms

Tx = ((τ+ T 0) mod 38400chips)  +38400chips if TTIE-HICH = 10ms

Discussions for the number of HARQ processes 

In the following sub-clauses we will discuss the number needed for HARQ processes in the 2ms and 10ms TTI cases.

 Min(T UE  ) ≤  2ms is assumed for all the discussed situations.

2.1.1 Number of HARQ processes for 2ms E-DCH TTI

· Minimum TUE is achieved when T delta = 2ms – Min(TUE), which means after UE received the E-HICH ACK/NACK TTI, it can make decisions and send  E-DCH data just in next 2ms TTI ,and in this condition, (τ+ T 0 )mod 7680 chips = TTIE-HICH - T delta and TUE + T delta = 2ms.

From equation 1 we get the maximum T NB as:

T NB = N*TTI-(0.2  + 2 + Min(TUE) + 0 + 2 + 0.2 )

Table 1 Maximum T NB for 2ms E-DCH TTI

	HARQ process #N
	Maximum T NB(ms)

	4
	3.6 - Min(TUE)

	5
	5.6- Min(TUE)

	6
	7.6- Min(TUE)

	7
	9.6- Min(TUE)

	8
	11.6- Min(TUE)


· Maximum TUE is achieved when T delta + Min(TUE) = 2ms + 256chips, which means after UE have received the E-HICH ACK/NACK TTI, it can not make decisions and send  E-DCH data just in next 2ms TTI  because  T delta + Min(TUE) is large than 2ms, and in this condition,(τ+ T 0 ) mod 7680 chips= TTIE-HICH –T delta and TUE + T delta = 4ms.

From equation 1 we get the minimum T NB as:

T NB = N*TTI - (0.2  + 2  - 256chips + Min(TUE) + 2 + 2 + 0.2 )

Table 2 Minimum T NB for 2ms E-DCH TTI

	HARQ process #N
	Minimum T NB(ms)

	5
	3.6  - Min(TUE) + 256chips

	6
	5.6  - Min(TUE) + 256chips

	7
	7.6  - Min(TUE) + 256chips

	8
	9.6  - Min(TUE) + 256chips

	9
	11.6  - Min(TUE) + 256chips


2.1.2 Number of HARQ processes for 10ms E-DCH TTI

· For TTIE-HICH = 2ms, the minimum TUE is achieved when T delta = 2ms – Min(TUE), which means after UE have received the E-HICH ACK/NACK TTI, it can make decisions and send  E-DCH data just in next 10ms TTI, and in this condition, (τ+ T 0 )mod 6x2560chips = 2ms + TTIE-HICH(2ms) - T delta and TUE + T delta = 2ms.

From equation 2 we get the maximum T NB as:

T NB = N*TTI - (0.2  + 2 + 2 + Min(TUE) – 2  + 10 + 0.2 )

· For TTIE-HICH = 10ms, the minimum TUE is achieved when T delta = 2ms – Min(TUE), which means after UE have received the E-HICH ACK/NACK TTI, it can make decisions and send  E-DCH data just in next 10ms TTI ,and in this condition,(τ+ T 0  ) mod 38400chips  + 38400chips = 2ms + TTIE-HICH(10ms) - T delta and TUE + T delta = 2ms..

From equation 2 we get the maximum T NB as:

T NB = N*TTI - (0.2  + 10 + 2 – 2 + Min(TUE) + 10 + 0.2 )

Table 3 Maximum T NB for 10ms E-DCH TTI

	HARQ process #N
	Maximum T NB(ms)

TTIE-HICH=2ms
	Maximum T NB(ms)

TTIE-HICH=10ms

	2
	7.6 – Min(TUE)
	-

	3
	17.6 – Min(TUE)
	9.6 - Min(TUE)

	4
	27.6 – Min(TUE)
	19.6 - Min(TUE)

	5
	37.6 – Min(TUE)
	29.6 - Min(TUE)


· For TTIE-HICH = 2ms, the maximum TUE is achieved when T delta + Min(TUE) =  2ms + 256chips, which means after UE have received the E-HICH ACK/NACK TTI, it can not make decisions and send  E-DCH data just in next 10ms TTI  because T delta + Min(TUE) is large than 2ms, and at this condition,τ+ T 0 = TTIE-HICH(2ms) + 2ms –T delta and TUE + T delta = 12ms

From equation 2 we get the minimum T NB as:

T NB = N*TTI - (0.2  + 4 -2 - 256chips + Min(TUE) + 10 + 10 + 0.2 )

· For TTIE-HICH = 10ms, the maximum TUE is achieved when T delta + Min(TUE) =  2ms + 256chips, which means after UE have received the E-HICH ACK/NACK TTI, it can not make decisions and send  E-DCH data just in next 10ms TTI  because T delta + Min(TUE) is large than 2ms, and at this condition,τ+ T 0 + 38400chip = TTIE-HICH(10ms) + 2ms –T delta and TUE + T delta = 12ms

From equation 2 we get the minimum T NB as:

T NB = N*TTI - (0.2  + 12 -2 - 256chips + Min(TUE) + 10 + 10 + 0.2 )

Table 4 Minimum T NB for 10ms E-DCH TTI

	HARQ process #N
	Minimum T NB(ms) 

TTIE-HICH=2ms
	Minimum T NB(ms) 

TTIE-HICH=10ms

	3
	7.6 - Min(TUE) + 256chips
	-

	4
	17.6  - Min(TUE)  + 256chips
	9.6 - Min(TUE) + 256chips

	5
	27.6 - Min(TUE) + 256chips
	19.6 - Min(TUE) + 256chips


2.1.3 Number of HARQ processes relate to E-HICH granularity

With 3-slots E-HICH granularity, it can be deduced that T NB – Min(T NB) < 2ms when T NB > Min(T NB) 
Table 5 HARQ process # for 2ms E-DCH TTI

	Min(T NB)(ms)
	HARQ process #N

	(1.6~3.6)  - Min(TUE) + 256chips
	5

	(3.6~5.6)  - Min(TUE) + 256chips
	6

	(5.6~7.6)  - Min(TUE) + 256chips
	7

	(7.6~9.6)  - Min(TUE) + 256chips
	8

	(9.6~11.6)  - Min(TUE) + 256chips
	9


Table 6 HARQ process # for 10ms E-DCH TTI

	HARQ process #N
	Minimum T NB(ms) 

TTIE-HICH=2ms
	Minimum T NB(ms) 

TTIE-HICH=10ms

	3
	(5.6~7.6) - Min(TUE) + 256chips
	-

	4
	(15.6~17.6)  - Min(TUE)  + 256chips
	(7.6~9.6) - Min(TUE) + 256chips

	5
	(25.6~27.6) - Min(TUE) + 256chips
	(17.6~19.6) - Min(TUE) + 256chips


3 Conclusions
If we consider the worst case timing conditions, i.e. UE has to use maximum processing time due to timing alignment, the number of HARQ processes in UE and Node B should allow enough time for the Node B to process the uplink E-DCHs from all UEs. Then, we can deduce the minimum time for Node B to process E-DCHs with different number of HARQ processes. From the Node B processing time in Table 2, Table 4, Table 5 and Table 6, the number of HARQ processes can be concluded as following:

· At least seven HARQ processes are needed for 2 ms E-DCH TTI when Node B can process TNB within 7.6ms  - Min(TUE) + 256chips 

· At least eight HARQ processes are needed for 2 ms E-DCH TTI when Node B can process TNB within 9.6ms  - Min(TUE) + 256chips
· At least three HARQ processes are needed for 10 ms E-DCH TTI (E-HICH and TTIE-HICH=2ms) when Node B can process TNB within 7.6ms - Min(TUE) + 256chips
· At least four HARQ processes are needed for 10 ms E-DCH TTI (E-HICH and TTIE-HICH=10ms) when Node B can process TNB within 9.6ms - Min(TUE) + 256chips
 It is proposed that:

· 7~8 HARQ processes are needed for 2 ms E-DCH TTI 

· 3~4 HARQ processes are needed for 10 ms E-DCH TTI
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