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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.
This paper is a revision of R1-050105, correcting some typos (the unit of ( and ( is 256 throughput the paper and the value of ( in case of 2 ms TTI has been corrected).
2. Requirements

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

· The E-AGCH is a common channel and shall therefore have a common timing, e.g., linked to P-CCPCH.

· The E-RGCH from the serving cell and E-HICH (from serving and non-serving cell) are dedicated channels and shall therefore use a dedicated timing to maintain similar processing delays in the UE and Node B, regardless of the UE timing offset to the P-CCPCH.

· The E-RGCH from non-serving cell is a common channel, monitored by multiple UEs, and should therefore have a common timing.

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

· The hybrid ARQ roundtrip time shall be minimized, taking reasonable implementation constraints into account.

· 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. Control Signaling Duration

At RAN1#39, the signaling duration for the downlink control signaling was discussed. Clearly, a 2 ms time structure is required for efficient support of the 2 ms TTI. Although a 2 ms control signaling duration in principle could be used for both 2 ms and 10 ms TTI, most companies also acknowledged the benefits with a 10 ms control signaling duration for the 10 ms TTI. Therefore, it is proposed that the duration of the E-AGCH, E-RGCH from serving cell and E-HICH signaling for a UE equals the TTI configured for that UE. Allowing for full flexibility in the choice of signaling duration results in additional implementation and testing complexity while providing questionable benefits. The E-RGCH from non-serving cell serves as an common overload indicator and it is possible to adopt a single duration of 10 ms, regardless of the E-DCH TTI configured.

3.2. E-AGCH

The E-AGCH is a shared (common) channel and should therefore have a common timing. It is proposed to align the E-AGCH frames with the P-CCPCH frames. In case of 2 ms E-AGCH structure, the frame is divided into 5 subframes of 3 consecutive slots each. 

Using a group ID on a single E-AGCH for UEs with different E-DCH TTIs is not believed to be a common case, although it is in principle possible. The 2 ms UEs would receive the absolute grant already after 2 ms (and in the additional four 2 ms intervals as well), while the 10 ms UEs would receive all five repetitions of the 2 ms structure before attempting to decode the E-AGCH.

3.3. E-RGCH from non-serving cells

It is proposed that the E-RGCH from a non-serving cell (overload indicator) is time aligned with the P-CCPCH. 

3.4. E-RGCH from serving cell and E-HICH

The E-RGCH from the serving cell and the E-HICH carry information dedicated for a single UE and 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. 

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 affecting the uplink transmission in the same TTI. 

3.5. Overall Timing Relation

In Figure 1 the timing relation for the different channels is illustrated. The E-AGCH is frame aligned with the P-CCPCH as discussed in Section 3.2.

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), needs to be specified. This time will be different for different UEs as the E-HICH timing resolution is 3 slots while the uplink timing resolution is 256 chips. The E-RGCH from the serving cell and the E-HICH timing is given by
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where Toff defines the E-RGCH/E-HICH timing, (DPCH,n is the downlink DPCH offset and ( is a constant, all defined in units of 256 chips. The symbol 
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. The constant ( should be fixed in the specifications and is used to distribute the timing budget between the UE and the Node B as discussed in Section 4.

3.6. Soft Handover

In soft handover, the UE must receive the E-HICH/E-RGCH from multiple, possibly non-synchronized, cells. The downlink DCHs from each cells in the active set all arrive at the UE within a 296 chip window (the 
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in each cell is adjusted appropriately). As the E-HICH timing in each cell is proposed to be defined from the 
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, which is known to the UE, soft handover does not significantly affect the minimum UE and Node B processing time and there are no ambiguities in the timing. In case the timing drifts such that the downlink DPCHs from the cells in the active set it not within the (148 chip window, the network timing is adjusted. This may require flushing the soft combining buffers as the E-HICH timing may change. However, this is expected to be a rare event and the impact on the overall performance is negligible.
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Figure 1: Proposed timing relation.

4. Number of Hybrid ARQ Processes

The overall hybrid ARQ roundtrip time in Figure 1 can be derived as 
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. 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. A configurable number of hybrid ARQ processes results in additional complexity and a limited amount of gain. In soft handover all involved Node Bs must be configured to use the same number of processes. In a multi-vendor scenario, this implies that all vendors must agree to support at least one common value. Therefore, in the interest of simplicity and to avoid cumbersome interoperability problems, it is proposed to fix the number of hybrid ARQ processes in the specifications and only allow one value for 10 ms TTI and one value for 2 ms TTI.

In Table 1, the UE and Node B processing times in milliseconds are listed. For 10 ms TTI, it is proposed to use 4 hybrid ARQ processes and for 2 ms TTI, the corresponding number is 7. The values are derived with 
[image: image8.wmf]90

=

d

  for 2 ms TTI and 
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 for 10 ms TTI, providing a good trade-off between UE and Node B delay budget. Note that the difference between these two values is a multiple of 3 slots, i.e., the subframe timing is identical for the two TTIs. A propagation delay of 0.2 ms (corresponding to 60 km distance) has been used in the table; longer propagation delays can be handled by reducing the Node B processing delay. 

For the absolute grant to influence the UE TFC selection, it should be received at least min(TUE) prior to the transmission, i.e., the same processing time as for the relative grant.

	TTI 
	10
	2

	( [256 chips]
	-90
[-6 ms]
	90
[6 ms]

	#proc
	4
	7

	Tprop 
	0.2
	0.2

	THICH
	10
	2

	RTT
	40
	14

	TUE
	min
	6.3
	2.3

	
	max
	8.2
	4.2

	TNodeB
	min
	11.4
	5.4

	
	max
	13.3
	7.3


Table 1: Node B and UE processing time with the proposed timing relation.

5. Conclusion

The following conclusions/recommendations are made.

· The E-AGCH, E-RGCH from serving cell, and E-HICH duration equals the TTI configured for the E-DCH. Five times repetition of the 2 ms structure is used for the 10 ms case.

· The E-AGCH frame is aligned with the P-CCPCH frame.

· The E-RGCH frame from the non-serving cell is aligned with the P-CCPCH frame (of the non-serving cell).

· The E-RGCH from the serving cell and the E-HICH have the same timing.

· The E-RGCH/E-HICH timing is defined by 
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, where 
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 in case of 2 ms TTI and 
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 in case of 10 ms TTI (( and ( in units of 256 chips).

· For 10 ms TTI, 4 hybrid ARQ processes are used.

· For 2 ms TTI, 7 hybrid ARQ processes are used.
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