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1 Introduction
The downlink signalling (absolute grant, relative grant and ACK/NACK) is using common channel and common timing and uplink E-DCH is transmitted in dedicated timing. This timing mismatch between uplink and downlink needs more observation on selecting the number of HARQ processes as well as the timing correspondence between downlink signalling and E-DCH sub-frame.

This contribution discusses the timing correspondence between DL signalling and E-DCH and possible number of HARQ processes.
2 Timing Analysis

2.1 Basic assumption
· Both the scheduling grants (absolute grant and relative grant) should have same timing, since those grants are from the same scheduler.
· ACK/NACK also should have same timing with scheduling grants, since scheduling grants are transmitted only for initial transmission.
· Node B behaviour

· Decoding E-DCH should be prior to scheduling procedure. ( After CRC check of E-DCH, Node B can decide whether scheduling is required or not.
· If NACK and non-maximum number of transmission, no more Node B processing is needed.

· Otherwise, scheduling procedure follows.

· UE behaviour

· Decoding ACK/NACK should be prior to transmission procedure. ( After ACK/NACK decision, UE can decide whether initial transmission or retransmission.
· If NACK is transmitted from the Node B before receiving the maximum number of transmission, there would be no TFC selection procedure and retransmission is performed.

· Otherwise, the TFC selection and initial transmission is performed sequentially.
· Signalling duration vs. TTI

· The duration of absolute grant is 2ms for 2ms TTI and 10ms TTI

· The duration of relative grant and ACK/NACK is 2ms for 2ms TTI and 10ms for 10ms TTI respectively.

2.2 UE processing time and Node B processing time

For the decision of the timing relation, the decision of required UE and Node B processing time should be preceded. Table 1 is summarizing the minimum required processing time of UE and Node B respectively.

UE processing time consists of

· Time for decoding of scheduling grants & ACK/NACK

· Time for E-TF selection

· Time for E-DCH encoding

· Margin for T0 uncertainty (+- 148 chip)

Node B processing time consists of

· Time for decoding of E-DCH (CRC check)

· Time for scheduling

· Round trip delay

	
	2 ms TTI
	10 ms TTI

	UE processing time
	2 ms (3 slots)
	2 ms (3 slots)

	Node B processing time
	5 ms (7.5 slots)
	7 ms (10.5 slots)


Table 2: Required minimum UE/Node B processing time
2.3 Number of HARQ process
This section analyzes the timing between uplink and downlink and proposes the number of HARQ processes of each TTI case respectively. 

The DL signalling for 10ms TTI is preferred to be compatible with the case of 2ms TTI. And, it is also better to have 10ms length for the signalling in order to reduce the downlink power resource with the time diversity

For the absolute grant, it is not possible to satisfy both of the two recommendations. If we want to have the 10ms length of the absolute grant, separate E-SCCH channel should be defined for 10ms TTI UEs. This approach doesn’t seem good. The compatibility between 2ms TTI and 10ms TTI should be prior to the time diversity gain. So, it is proposed that the same structure of absolute grant should be used for both TTIs.

2ms TTI case
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If you see the figure 1, the yellow coloured E-DCH subframe is referring to 2nd subframe of downlink signalling. The range of the UE processing time for the yellow coloured E-DCH subframe is
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For decision of the number of HARQ processes, the longest case of UE process time and minimum required Node B process time (4ms) should be taken into account.

Considering whole round trip time, the below equation should be satisfied.
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As a result,
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The possible minimum Number of HARQ processes for 2ms TTI E-DCH would be 7.
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Figure 1: Number of HARQ processes in 2ms TTI case
10 ms TTI case
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If you see the figure 2, the yellow coloured E-DCH frame (10ms) is referring to 2nd frame of downlink signalling. The range of the UE processing time for the yellow coloured E-DCH frame is
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For decision of the number of HARQ processes, the longest case of UE process time and minimum required Node B process time (6ms) should be taken into account.

Considering whole round trip time, the below equation should be satisfied.
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As a result,
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The possible minimum Number of HARQ processes for 10ms TTI E-DCH would be 4.
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Figure 2: Number of HARQ processes in 10ms TTI case
2.4 Timing correspondence

This section discusses the timing correspondence between downlink signalling and uplink E-DCH frame. Downlink signalling is time-aligned with P-CCPCH radio frame, but on the other hand, the E-DPDCH is time-aligned with existing DPCH which has timing offset (
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) from P-CCPCH timing. Therefore, in UE side, there would be time difference of 
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 between the frame of downlink signalling and the E-DPDCH frame. Here T0 is constant defined to be1024 chips.
2 ms TTI case

The relationship of ACK/NACK subframe (2ms) and E-DPDCH subframe (2ms) should be defined for the accurate HARQ operation, i.e. which ACK/NACK subframe is to be referred to by the E-DPDCH subframe #l should be decided in advance. This is the same case with the scheduling. It is required to decide which subframe (2ms) of scheduling grants is referred to by the E-DPDCH subframe #l. This problem can simply be solved by the following equation.

If the E-AGCH/E-RGCH/E-HICH subframe #k should be referred to by the E-DCH subframe #l, the k is selected by
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Here, 
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and it is assumed that minimum required UE processing time (
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Let’s see some examples with figure 3. 

The 
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 is less than UE processing time, which is 2ms. So the subframe #1 would be corresponding subframe for downlink signalling of E-DCH subframe #3 in a 10ms radio frame by this equation.
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If you see the UE2, the 
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of UE1 is larger than 
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 is larger than UE processing time, which is 2ms. So the subframe #2 would be corresponding subframe for downlink signalling of E-DCH subframe #0 in a 10ms radio frame by this equation.
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Figure 3: Timing correspondence in 2ms TTI case
10 ms TTI case
The relationship of ACK/NACK frame (10ms) and E-DPDCH frame (10ms) should be defined for the accurate HARQ operation, i.e. which ACK/NACK SFN is to be referred to by the E-DPDCH SFN #s should be decided in advance. This is the same case with the scheduling. It is required to decide which SFN of relative grant frame (10ms) and which subframe(s) (2ms) of absolute grant are referred to by the E-DPDCH SFN #s. This problem can simply be solved by the following equation.

If the E-AGCH/E-RGCH/E-HICH SFN #k should be referred to by the E-DCH SFN #s, the k is selected by
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Here, it is assumed that minimum required UE processing time (
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Let’s see some examples with figure 4. 

The frame of UE1 has SFN #(s+2). And 
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is less than UE processing time. So the SFN #(s-2) would be corresponding SFN of the downlink signalling of E-DCH frame with SFN #s by this equation.
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If you see the UE2, 
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. So the SFN #(s-1) would be corresponding SFN of the downlink signalling of E-DCH frame with SFN #s by this equation
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For absolute grant, it is preferred for 10ms TTI E-DCH to refer to any subframe out of 10ms E-SGCH window. In other words, Node B can use any subframe inside the 10ms window for transmitting absolute grant to a 10ms TTI UE. This can give the Node B scheduler more flexibility in scheduling of both TTI lengths while not requiring more downlink code resource. 
In figure 4, the subframe window for E-DCH of UE1 is the duration of the frame with SFN #(s-2) as shown in yellow coloured line with arrow ends. And also, the subframe window for E-DCH of UE1 is the duration of the frame with SFN #(s-1) as shown in green coloured line with arrow ends.
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Figure 4: Timing correspondence in 10ms TTI case
SHO case
In defining timing relation, we should pay attention to SHO cases, since 
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can be different between the active set cells and there can be some uncertainties in T0 values. So, it is possible that the above correspondence equation can be impacted by the properties in SHO. For example, actual T0 which is less than 1024 chips may give some impact to UE processing time and actual T0 which is larger than 1024 chips may give some impact to Node B processing time. 

But, the assumed UE processing time and Node B processing time can have some margin for this, so the small uncertainty of T0 value doesn’t matter to the above equation. And UE also can know each 
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 value for each active set cell. So all the active set cells can make their own corresponding timing for downlink signalling, and UE can derive those timings from the above equations.
3 Conclusions

In this paper, we have discussed about the number of HARQ processes and timing correspondence for each TTI case. We propose to agree on the recommendation in the contribution and to include the text proposals attached into CR for RAN1 specifications.
Recommendation:
· The number of HARQ processes in case of 2ms TTI is 7.

· The number of HARQ processes in case of 10ms TTI is 4.

· The corresponding timing of downlink signalling for the E-DCH can be derived from the given equation.
--------------------------- Start of text proposal on CR for TS25.211 ------------------------------- 
7.9 E-AGCH/E-RGCH/E-HICH timing

The start of E-AGCH subframe #0 is aligned with the start of the P-CCPCH frames. 

E-RGCH and E-HICH has same timing alignment. For 2ms TTI, The start of E-RGCH/E-HICH subframe #0 is aligned with the start of the P-CCPCH frames. For 10ms TTI, E-RGCH/E-HICH has identical frame timing with P-CCPCH.

Timing correspondence between E-AGCH/E-RGCH/E-HICH and E-DPDCH can be derived by those equations.

For 2ms TTI of E-DCH, if the E-AGCH/E-RGCH/E-HICH subframe #k should be referred to by the E-DCH subframe #l, the k is given by
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For 10ms TTI of E-DCH, if the E-RGCH/E-HICH SFN #k should be referred to by the E-DCH SFN #l, the k is given by
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E-DCH SFN #l can refer to any one out of five E-AGCH subframes in the radio frame SFN #k.
Here, TUEP is a constant defined to be 7680 chips and T0 is as in subclause 7.6.3.
------------------------------------------ End of text proposal ------------------------------------------ 
--------------------------- Start of text proposal on CR for TS25.214 ------------------------------- 
6.B


E-DCH related procedures
6.B.x 

General Procedures
The number of HARQ processes is 7 for 2ms TTI and 4 for 10ms TTI respectively.
------------------------------------------ End of text proposal ------------------------------------------ 
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