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1. Introduction

The timing of the new downlink channels, E-AGCH, E-RGCH, and E-HICH remains to be defined. In this paper, some requirements on the timing are discussed and a proposal on the timing relation is made.

2. Requirements

The following requirements are placed on the timing of the E-DCH downlink control channels:

· No additional timing bases in the UE, i.e., the new channels should preferably be slot aligned to either the downlink DPCH or the P-CCPCH.

· Minimize the hybrid ARQ roundtrip time, taking reasonable implementation constraints into account.

· The absolute grant, the relative grant and the ACK/NAK should be received simultaneously at the UE in order to simplify the UE processing and to ease the association of the control signaling (e.g. ACK/NAK) to a particular hybrid ARQ process.

· Scheduling decisions for a UE shall be able to take the outcome of the decoding process (i.e., the ACK/NAK) into account when sending a relative grant.

3. Timing Relations

3.1. E-AGCH

The E-AGCH is a shared channel, carrying absolute scheduling grants used for large changes of the resource utilization in the UEs. To reduce the scheduling delays and to simplify coexistence of 2 ms and 10 ms E-DCH UEs in the same cell, it is proposed to use a 2 ms duration of the absolute grants, regardless of the E-DCH TTI. Furthermore, it is proposed to couple the E-AGCH timing to the P-CCPCH with slot boundaries aligned between the two.

3.2. E-RGCH and E-HICH

The E-RGCH and E-HICH both carry information dedicated for a single UE and both share the same structure: a specific signature sequence used in each slot. Therefore, there are no fundamental timing restrictions set by this structure other than the relative grant (or hybrid ARQ indicator) shall start on a slot boundary. This does allow for 3-slot (or even 1-slot) granularity in the starting position for the E-RGCH/E-HICH.

Different UEs may have different downlink timing (with 256 chip granularity) and consequently different uplink timing. Therefore, to minimize the hybrid ARQ roundtrip time, it is beneficial if the E-RGCH/E-HICH for different users have different transmission timing. It is proposed to restrict the E-RGCH/E-HICH timing to  subframe boundaries, i.e., the granularity of the possible starting positions is 3 slots.. Restricting the start of a E-HICH frame (in case of a 10 ms signaling duration) to coincide with the start of a P-CCPCH frame causes an increase in the overall roundtrip time as the as the minimum UE and Node B processing times must be fulfilled for all different uplink timings.

In case of 2 ms E-DCH TTI, the signaling duration for the E-RGCH and E-HICH shall be 2 ms. In case of 10 ms E-DCH TTI, the duration of the E-RGCH/E-HICH has not yet been agreed upon and two values have been mentioned: 2 ms and 10 ms
· For a 2 ms control signaling duration on the E-HICH/E-RGCH, the E-RGCH/E-HICH subframe structure is time aligned with the E-AGCH subframe structure, which simplifies the UE processing and prioritization of the different grants.

· For a 10 ms control signaling duration on the E-HICH/E-RGCH, five consecutive subframes are used.  Two possibilities could be considered regarding the E-AGCH and E-RGCH timing relation

· Absolute grants can only be transmitted to a UE in the first of the five subframes. This may simplify the definition of the UE behavior.

· Absolute grants can be transmitted to the UE in any of the five subframes. This results in increased scheduling flexibility. 

In order to reduce the roundtrip time for the 10 ms TTI and to simplify the overall structure, it is proposed to use a 2 ms structure on the E-RGCH/E-HICH, regardless of the uplink TTI configured. This assumption is used in the following. The E-RGCH subframe structure is aligned with the E-AGCH subframe structure.

For simplicity in the UE processing, and in order to fulfill the requirements in section 2, it is proposed that the start of a relative grant coincides with the start of an ACK/NAK [1]. 

3.3. Overall Timing Relation

In Figure 1 the timing relation for the different channels is illustrated. At least the UE processing time, i.e., the time from the end of an ACK/NAK or relative grant in the downlink to the start of the uplink transmission related to the ACK/NAK (or relative grant), need to be specified. This time will be different for different UEs as the E-HICH is aligned on a subframe basis while the uplink timing is UE specific.

In soft handover, the UE must receive the E-HICH from multiple, possibly non-synchronized, cells. Assuming that the E-HICH is sub-frame aligned, this will not affect the minimum Node B processing time or the minimum UE processing time available.


[image: image1.wmf]P

-

CCPCH

E

-

HICH@NodeB

E

-

DCH@UE

10 ms 

T

off

E

-

HICH@UE

DPCH@NodeB

DPCH@UE

E

-

DCH@NodeB

T

prop

T

UE

T

NodeB

tau

T

prop

+ 1024 chips

T

prop

T

NodeB 

= N*TTI

-

T

prop

-

T

HICH

-

T

UE

-

TTI

-

T

prop

T

off

+

T

prop

+T

HICH

+T

UE

= 

tau

+

T

prop

+1024/3840+TTI

N*TTI

T

HICH


Figure 1: Timing relation. The figure is for illustrative purposes only; the actual timing relations are found in Table 1.

4. Number of Hybrid ARQ Processes

The overall roundtrip time for the hybrid ARQ protocol in Figure 1 can be derived as TTI+2Tprop+TNodeB+THICH+TUE=N(TTI. Note that the time available for Node B and UE processing depends on the particular timing for that UE. The maximum amount of Node B processing time and minimum UE processing time available results if the downlink DPCH timing offset is zero and the minimum available Node B processing time and maximum UE processing time results if the downlink DPCH timing offset is 29(256 chips (3 slots – 256 chips). This is valid for both 2 ms and 10 ms E-DCH TTI as the E-AGCH/E-RGCH/E-HICH has a 3 slot granularity.

At least the UE processing time needs to be specified as discussed in section 3. The Node B processing time depend on the number of hybrid ARQ processes, which can either be fixed in the specifications or made configurable.

In Table 1, some examples of the UE and Node B processing time for different combinations of TTI and number of processes are listed. A propagation delay of 0.2 ms (corresponding to 60 km distance) has been used in the table. Note that the difference between Toff in the table is given in steps of 3 slots, i.e., all alternatives share the same subframe timing.

	#proc
	3
	3
	4
	7
	8

	TTI 
	10
	10
	10
	2
	2

	Toff   [slot]
	5
	8
	-7
	-4
	-4

	Tprop 
	0.2
	0.2
	0.2
	0.2
	0.2

	THICH
	2
	2
	10
	2
	2

	RTT
	30
	30
	40
	14
	16

	TUE
	min
	4.9
	2.9
	4.9
	2.9
	2.9

	
	max
	6.9
	4.9
	6.9
	4.9
	4.9

	TNodeB
	min
	10.7
	12.7
	12.7
	4.7
	6.7

	
	max
	12.6
	14.7
	14.7
	6.7
	8.7


Table 1: Node B and UE processing time for different combinations of TTIs and number of processes. All delays are given in ms unless otherwise noted.

5. Conclusion

The following conclusions/recommendations are made.

· The duration of the E-AGCH/E-RGCH/E-HICH signaling is 2 ms, regardless of the E-DCH TTI.

· The E-AGCH/E-RGCH/E-HICH are all subframe aligned to each other.

· Subframe #0 of the E-AGCH is offset an integer number of slots compared to the frame start of the P-CCPCH.
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