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1 Introduction

In this contribution the considerations on the number of HARQ processes and physical layer HARQ functionality are provided.

2 Number of HARQ processes
Figure 1 depicts the time required to process one data packet transmission and reception provided N HARQ processes.
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Figure 1 Timing relations based on N HARQ processes
The time relations can be expressed as in Eq. (1).
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Eq. (1)
In Eq. (1) the used notations are assumed as follows:
· TTI: Data transmission length, i.e. 0.5ms
· Tprop: One way propagation delay which depends on the maximum cell range to be supported. The required coverage for E-UTRA is categorized into ‘up to 5km’, ‘up to 30km’, and ‘up to 100km’.
· TUE: UE processing time, including time for channel estimation, data decoding which includes soft combining if data packet is retransmitted, and ACK/NACK encoding.

· TNode B: Node B processing time, including time for ACK/NACK decoding, scheduling decision, and the formatting of the initial or retransmission of the data. 

· TACK/NACK: ACK/NACK transmission length, assuming the same length for data for simplicity.
· N: Total number of HARQ process

According to Eq. (1) the process time required for both UE and Node B can be calculated as shown in Table 1.
Table 1 Number of HARQ processes and processing time required for both UE and Node B
	Tprop (ms)
	0.333 (100km cell)
	0.1 (30km cell)
	0.017 (5km cell)

	N
	6
	8
	10
	6
	8
	10
	6
	8
	10

	TUE +TNode B (ms)
	1.333
	2.333
	3.333
	1.8
	2.8
	3.8
	1.967
	2.967
	3.967


Considering that E-UTRA requires U-plane latency of less than 5 ms, the time required to process one data packet transmission and reception provided N HARQ processes should not exceed 5ms, i.e. N x TTI < 5ms. It means N of less than 10 should be considered to meet the requirement. When we take N as 10, the process time required for both UE and Node B is 3.333ms ~ 3.967ms. This value seems too challenge to achieve, and if we assume smaller value for N such as 6 the timing budget becomes more tight. We can remind that in case of E-DCH 2ms TTI the UE processing time is 3.56 ~ 5.57 ms and Node B processing time is 6.1 ~ 8.1 ms [1]. Moreover, for E-UTRA downlink 100Mbps within 0.5ms should be supported. Therefore, it is required to introduce techniques to reduce the processing time, e.g. alternative channel coding scheme which provides enhanced decoding throughput compared with existing one.
Recommendation: It is required to introduce techniques to reduce the processing time, e.g. alternative channel coding scheme which provides enhanced decoding throughput compared with existing one.
3 Physical layer HARQ functionality

Physical layer HARQ functionality selects the sub-set of the channel-coded bits that is to be transmitted during the TTI. For HSDPA and E-DCH, the physical layer HARQ functionality is devised based on Rel-99 rate matching algorithm. And other approach (circular buffer approach) is proposed as E-UTRA HARQ functionality [2]. The followings are observation for both approaches.
· Physical layer HARQ functionality for HSDPA and E-DCH
· Principle 

· Make equidistance between the punctured (or repeated) bits over the encoded data.

· Applicable for turbo code. 

· Procedure: coded bit separation -> puncturing/repetition -> bit collection for the transmission
· Another approach e.g. ‘Circular buffer approach’

· Principle

· Try to avoid overlap among each transmission.

· Procedure: coded bit separation into sub-block -> sub-block interleaving -> symbol grouping for the transmission
· Rather simple implementation

The implementation of HARQ functionality depends on channel coding scheme. Therefore, if we consider modification of current UTRA release 6 turbo coding and alternative channel coding scheme for E-UTRA, new approach other than existing HSDPA/E-DCH HARQ functionality could be considered.
Recommendation: If we consider modification of current UTRA release 6 turbo coding and alternative channel coding scheme for E-UTRA, new approach other than existing HSDPA/E-DCH HARQ functionality could be considered for the simple implementation.

4 Conclusion
Although the issues discussed in this contribution are more implementation dependent e.g. processing time and related with other feature, e.g. channel coding, we can summary those issues at this stage as follows:
· The number of HARQ processes
· To meet the E-UTRA requirements, the required number of HARQ processes should be less than 10.
· It is required to introduce techniques to reduce the processing time, e.g. alternative channel coding scheme which provides enhanced decoding throughput compared with existing one.
· Physical layer HARQ functionality

· If we consider modification of current UTRA release 6 turbo coding and alternative channel coding scheme for E-UTRA, new approach other than existing HSDPA/E-DCH HARQ functionality could be considered for the simple implementation.
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