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1. Introduction

Fundamental to HSUPA dimensioning is a budgeting of the delays for the individual functions and devices. It is desirable to keep the latencies at a minimum such that high data throughput with low latency can be achieved. However, the optimization of the delays is also a complicated tradeoff between the delay budget for UE and NodeB and the individual signal processing functions thereof. In particular, increasing the delay budget for a particular function could also improve the performance of that function by (a) allowing for a better and more complex algorithm to be processed and (b) making use of information that is available only at a later time or reduce costs, e.g. by reduction of MIPS requirements.

In this contribution, we suggest the number of HARQ processes to be used, some timing budgets for (i) the round trip time, (ii) the NodeB processing time and (iii) the UE processing time based on a timing analysis involving E-DCH and E-HICH for a 2 ms and a 10 ms TTI length, respectively. However, the timing analysis may need to be revised when the specification of the relative grant information is finalized by RAN2 and the E-RGCH can be considered as well.

2. Definition of Roundtrip time (RTT)

The round trip time (RTT) is defined by the time interval between the start of a transmission and the corresponding start of a re-transmission of data in case the earlier transmission was not successful. To enable transmission without gaps, the UE and the Node-B are required to support N parallel HARQ processes, where N is the RTT in multiples of the TTI length.
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Figure : Definition of the Round Trip Time

3. 
Timing Budgets for NodeB and UE

A more detailed timing diagram is given in Figure 2, which summarizes the delays and latencies that need to be considered. It may be noted that Figure 2 is not drawn to scale. 
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Figure 2:  Detailed Round Trip Timing

From the delays shown in Figure 2, the NodeB processing time t3 and the UE processing time t6 need to be evaluated before the RTT for E-DCH can be specified. Table 1 and Table 2 describe individual components of the timing budget for the NodeB and the UE processing time, respectively. It may be noted that we assume the E-DCH encoding in the UE not to be in the critical timeline since this could be performed beforehand so that the encoded E-DCH data is readily available. 

Table 1: Components of the Timing Budget for the NodeB processing time

	NodeB processing time t3

	RF processing: down-modulation, filtering, etc.

	Channel estimation latency

	HARQ Buffer Combining

	E-DCH decoding time

	CRC check

	E-HICH encoding

	RF processing: filtering, up-modulation, etc. 


Table 2: Components of the Timing Budget for the UE processing time

	UE processing time t6

	RF processing: down-modulation, filtering, etc.

	Channel estimation latency

	E-HICH decoding time

	RF processing: filtering, up-modulation, etc. 


We assume that E-DCH is time aligned with the CFN in the uplink. However, the E-HICH channelization and scrambling codes can be common for several UEs and, hence, the E-HICH timing should be referenced with respect to the SFN. While channelization and scrambling codes can be common for several UEs, different signatures distinguish the UEs. To maintain orthogonality among different signatures, the E-HICH timing needs to be aligned at the timeslot boundary for the UEs sharing the same E-HICH channelization and scrambling codes. Since E-DCH timing of different UEs may differ by multiples of 256 chips, the requirement that E-HICH of different UEs be aligned at timeslot boundaries implies that it is not possible to make the relative delay between the uplink E-DCH reception and the corresponding E-HICH transmission on the downlink the same for all UEs. The E-HICH timing may be defined so as to minimize the variations of relative delay between E-DCH and E-HICH over all UEs, under the constraint that the different E-HICH channels that share the same channelization code and scrambling code are aligned at slot boundaries. Differences in relative delays between E-DCH and E-HICH result in differences in Node-B processing times and UE processing times for different UEs. For instance, if the E-DCH timings that are associated with a particular E-HICH timing vary by one timeslot, the difference between the maximum Node-B processing time and the minimum Node-B processing time will be 9*256 chip periods = 0.6 ms, as will be the difference between the maximum and minimum UE processing times..

The UE needs to receive E-HICH from all its radio link sets before it can arrive at a final decision on the ACK/NACK. However, the E-HICH timing from different radio link sets can also be different, thus further reducing the available processing time. For instance, if the E-HICH timing from two radio link sets for a particular UE differ by 10*128 chip periods = 0.333 ms, the available processing time for NodeB and UE is also shortened by 0.333 ms. There may be an additonal delay of up to 128 chip periods due to the alignment of the DCH timing in different radio link sets to the closest 256 chip period boundary, respectively.

Considering the propagation for a multipath with a maximum distance of 50 km, a maximum propagation delay can be computed as 0.167 ms.

To obtain some recommendations for the minimum processing times available to NodeB and UE, respectively, we need to make some assumptions on the above delays due to timing alignment and propagation that are summarized in Table 3:

Table 3: Assumptions on delay due to timing alignment and propagation

	Parameter
	Assumed value

	propagation delay (uplink and downlink)
	0.334 ms (corresponding to 2*50 km)

	Delay required for alignment of different E-DCHs for a particular E-HICH
	0.6 ms (corresponding to 9*256 chip periods)

	Delay required to receive E-HICH from different radio link sets
	0.367 ms (corresponding to 11*128 chip periods)

	Total
	1.3 ms


Taking into account the delays due to timing alignment and propagation from Table 3, the remaining minimum processing time that is available jointly for NodeB and UE is calculated in Table 4 for TTI lengths of 2 ms and 10 ms, respectively. We are investigating a round trip time of 7 TTI for 2 ms TTI length and 4 TTI for 10 ms TTI length. It is also suggested to split the available processing time between NodeB and UE to reflect the different processing complexity as outlined in Table 1 and Table 2.




Table 4: Minimum processing time available to NodeB and UE 

	TTI length
	RTT
	Minimum processing time available and suggested split between NodeB and UE

	2 ms
	7 TTI  (14 ms)
	8.7 ms

(NodeB: 6.5 ms, UE: 2.2 ms)

	10 ms
	4 TTI  (40 ms)
	18.7 ms

(NodeB: 13 ms, UE: 5.7 ms)


4. Number of HARQ processes

To enable transmission without gaps, the UE also requires N parallel HARQ processes, where the RTT corresponds to N TTIs. With the suggested allowances for the NodeB and the UE processing time from  

Table 4
, the RTT and the suggested number of HARQ processes are summarized in Table 5 for TTI length of 2 ms and 10 ms, respectively. 

Table 5: Suggested values for the number of HARQ processes

	TTI length
	suggested number of HARQ processes supported (equivalent to suggested RTT in number of TTIs)

	2 ms
	7

	10 ms
	4


The number of HARQ processes could be specified as a parameter in the range from 1 to the maximum value given in Table 5.
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