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1. Introduction

Specifications for the Enhanced Uplink feature for Release 6 were agreed at RAN#39 and RAN#26 with a few remaining open issues. One such open issue is the number of HARQ processes supported on E-DPDCH and the timing relationship between E-DPDCH, E-HICH and E-RGCH/E-AGCH.

This contribution addresses issues relating to the number of required HARQ processes for the 2 and 10msec TTI. Following the recommendations of this paper, a companion paper [2] proposes a timing structure relating the uplink and downlink channels.

2. Delay factors influencing the round trip time and required number of HARQ processes

Figure 1 depicts in a simplified form the latencies associated with a round trip of a HARQ process for the 2msec TTI. Similarly, Figure 2 relates to the 10msec TTI. The latencies are made up of the following components:

TTIEDPDCH
The TTI length of the E-DPDCH & E-DPCCH

Talign

The granularity of the time alignment between E-DPDCH and E-HICH

TUE
UE decoding time

TNodeB
The Node B decoding time

Tprop
The time taken for propagation between Node B and UE; assumed to be max 0.25 slots
TTIE-HICH
The TTI length of the E-HICH

Tschedule
The time required for Node B scheduling; this may be equal to zero if scheduling is not related to ACK/NACK decisions on a particular process (see section 3). If scheduling and ACK/NACK are related, 3 slots are assumed.
Talign is required because the E-HICH is related to P-CCPCH timing, whereas the E-DPDCH timing is related to downlink DPDCH timing. Thus the RTT budget has to allow for the worst case offset between received E-DPDCH timing and E-HICH timing, which may range between (1 slot-256 chips) and (1 E-HICH TTI-256 chips), depending on the interaction between scheduling and HARQ
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Figure 1 RTT assuming 2msec TTI
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Figure 2 RTT assuming 10msec TTI
3. Relationship between scheduling and ACK/NACK decisions

Scheduling grants may be made applicable to a single or all HARQ processes. If  both absolute and relative scheduling grants are applicable to all HARQ processes, then there is no dependency between the HARQ RTT and scheduling. Tschedule is zero and Talign is 1 slot.

If relative grants are HARQ process specific, but decisions by the Node B on relative grants do not take into account retransmission status on a process, then there is no dependency between relative grants and scheduling. However if the Node B does take into account the ACK/NACK status when deciding relative grants, then there is a dependency between relative grants and the HARQ RTT. In particular:

· Tschedule is not zero, but is equal to the length of time the Node B requires to evaluate whether to make a relative grant

· Assuming that the start times of E-RGCH and E-HICH coincide, Talign is equal to 1 slot.

If, in addition absolute grants are HARQ process specific and the Node B takes into account retransmission status when making an absolute grant then:

· Tschedule is not zero, but is equal to the length of time the Node B requires to evaluate whether to make a absolute and/or relative grant

· Assuming that the start times of E-RGCH and E-HICH coincide, Talign is equal to max (TTIE-HICH, TTIRGCH, TTIE-AGCH).

4. Number of HARQ processes

The following section outlines the amount of processing time that may be available for Node B and UE in relation to the number of HARQ processes. Tables 1-4 depict the number of slots available for the combination of UE transmit processing and Node B receive processing.

The cases of scheduling being related to ACK/NACK decisions and independent of them are examined.

Scheduling is independent of ACK/NACK decisions
2msec TTI
For the 2msec TTI, the TTI length of the E-HICH is already agreed to be 2msec

	Number of HARQ Processes
	TTIE-HICH = 2msec

	5
	7.5

	6
	10.5

	7
	13.5

	8
	16.5

	9
	19.5


Table 1 Number of available slots for Node B and UE processing for 2msec TTI
10msec TTI
For the 10msec TTI, the E-HICH TTI length may be 2msec or 10msec
	Number of HARQ processes
	TTIE-HICH = 2msec
	TTIE-HICH = 10msec

	3
	25.5
	13.5

	4
	40.5
	28.5

	5
	55.5
	43.5


Table 2 Number of available slots for Node B and UE processing for 10msec TTI
Scheduling is related to ACK/NACK decisions
2msec TTI
For the 2msec TTI, the TTI of all DL channels has been agreed as 2msec
	Number of HARQ Processes
	Max(TTIE-HICH, TTIE-AGCH, TTIE-RGCH) = 2msec

	5
	2.5

	6
	5.5

	7
	7.5

	8
	10.5

	9
	13.5


Table 3 Number of available slots for Node B and UE processing for 2msec TTI
10msec TTI
	Number of HARQ processes
	Max(TTIE-HICH, TTIE-AGCH, TTIE-RGCH) = 2msec
	Max(TTIE-HICH, TTIE-AGCH, TTIE-RGCH) = 10msec

	3
	20.5
	-

	4
	35.5
	11.5

	5
	50.5
	26.5


Table 4 Number of available slots for Node B and UE processing for 10msec TTI
5. Discussion

During RAN2#45bis, RAN2 concluded on per process scheduling for the 2msec TTI and a per UE scheduling for the 10msec TTI [1]. This implies that:
· For effective per process scheduling, ACK/NACK and scheduling decisions should be related for the 2msec TTI

· For the 10msec TTI, per UE scheduling implies that it is not so useful to take into account ACK/NACK decisions. Therefore the timing and TTI of the E-AGCH and E-RGCH can be considered independently of the number of HARQ ACK/NACK
For the 10msec TTI, the TTI of the E-HICH affects the RTT and the number of HARQ processes required.

The minimum required number of HARQ processes can therefore be estimated from the above tables. However since E-DCH will support a variety of services with differing latency requirements, it does not make sense to dimension the number of HARQ processes and Node B hardware to support minimum latency regardless of the E-DCH service and data rate.

A semi static value for the number of HARQ processes would enable a service dependent Node B processing time. High priority services could be allocated the shortest RTT, whilst low priority or/and high data rate services could be allocated a larger amount of processing time. The value would be configured at the same time E-DCH is configured on a per UE basis.
Although coming at the expense of an additional configurable parameter, this extra degree of freedom in setting the number of HARQ processes would allow for flexibility in dimensioning Node B hardware requirements.
6. Recommendations

· In general, the number of HARQ processes can restrict implementation possibilities as there is a trade off between Node B resource management flexibility and speed. Therefore it would make sense in this case to be have a semi-static value for the number of HARQ processes, configured per UE at the same time E-DCH is configured
· For the 2msec TTI, 6-8 HARQ processes should be considered.

· For the 10msec TTI, 

· If the TTI of E-HICH is 2msec, 3-4 HARQ processes are sufficient

· If the TTI of E-HICH is 10msec, 3-5 processes should be allowed. 
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