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1. Introduction 

In this document some elaboration is made on TTI lengths that could be employed with E-DCH and their impact on HARQ physical layer structure. Chapter 2 is a text proposal for the TR 25.896, for chapter 8, Physical layer structure alternatives, a proposed subsection titled TTI length vs. HARQ physical layer structure.

2. TTI length vs. HARQ physical channel structure

As to the TTI length for E-DCH, there are basically two options to consider. Utilizing the existing frame structure of Rel’99 is a straightforward way of proceeding in Rel’6 enhanced uplink structure. There has also been a suggestion that a shorter frame length (2 ms) could be used [1]. Thus, E-DCH TTI lengths of 10 ms and 2 ms are considered here as examples. 

If E-DCH utilizes physical layer HARQ, there is a need to transmit ACK/NACK signaling in a downlink physical channel. Also in this case, there are two options to consider. If the available time is long enough, ACK/NACK could be embedded in existing Rel’99 downlink channel structure, i.e. within a 10 ms TTI. Another option is to reserve a specific field shorter than 10 ms time period, in a physical channel for ACK/NACK as is done in HS-DPCCH in Rel’5 HSDPA.

Figure 1 depicts the general concept of timing for E-DCH HARQ process. After having received a packet on E-DCH the Node B has TNBP for processing and sending acknowledgement to the UE. In here no assumption is made on which downlink physical channel the ACK/NACK in DL would be sent. Based on the acknowledgement the UE decides whether it resends the TTI or transmits a new packet. The processing time available for the UE between receiving the acknowledgement and transmitting the next TTI in the same packet process is TUEP. 

The length of the acknowledgement field in DL directly affects the available processing time in Node B and UE.  The length of the acknowledgement field might also affect the required power offset for transmitting it, relative to DL DPCCH, depending on the scheme. With 10 ms TTI and high enough N, acknowledgement could e,g, be embedded in existing multiplexing structure within a 10 ms TTI. This might allow more space for coding and smaller power offset for transmitting ACK/NACK than in the case where ACK/NACK is  inserted into downlink physical channel  within a shorter time period than 10ms. 
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Figure 1. HARQ timing schematic for N=3, TTI=10 ms, as an example.

Table 1 presents some estimations for available processing time TTI lengths 10 ms and 2 ms, with N=2,3,4,5. The timing calculations assume a roundtrip delay of 0.1 ms. The acknowledgement signal from UE may be spread over one of more slots. However, the longer TACK becomes, the less processing time there is available for UE and RNS. For TTI=10 ms case, a TACK = 10 ms is possible if  N=3 or larger. With TTI=2 ms, TACK necessarily has to be shorter. 

Table 1. Some UE and Node B processing times with E-DCH

	TTI length (ms)
	N
	Tack (ms)
	TNBP+TUEP (ms)

	10
	2
	2
	7.9 (0.8xTTI)

	10
	3
	2
	17.9 (1.8xTTI)

	10
	3
	10
	9.9 (1.0xTTI)

	10
	4
	2
	27.9 (2.8xTTI)

	10
	4
	10
	19.9 (2.0xTTI)

	2
	5
	2/3 (1 slot)
	7.23 (3.6xTTI)

	2
	5
	4/3 (2 slots)
	6.56 (3.3xTTI)

	2
	6
	4/3 (2 slots)
	8.56 (4.3xTTI)

	2
	6
	2 (3 slots)
	7.90 (4.0xTTI)

	2
	7
	2 (3 slots)
	9.90 (5.0xTTI)


The table shows the total time available for UE and Node B processing. Note that the length of the E-DCH TTI also has an impact on the processing time needed. Since a shorter TTI contains fewer bits than a longer one, the processing load for baseband processing such as interleaving and turbo decoding is smaller and less time is consumed. 
As a rough rule of thumb, with 10 ms TTI, around 2 TTI lengths could be considered as giving  large enough total processing time for E-DCH operation. With 10 ms TTI, this could then be reached for example with N=3, Tack 2 ms or N=4, Tack 10 ms. The preferred case would depend on what kind of structure is selected for ACK/NACK transmission in downlink. Also the maximum data rate supported will affect the required processing times, here the assumption was that maximum data rate would be around 1-2Mbit/s.

With 2 ms TTI, rough estimate is that similar kind of total processing time is needed as in the case of HSDPA, so e.g. N=6, Tack 2 ms could be one example case to consider for TTI=2ms from processing time point of view.

More detailed analysis of the required processing times are needed in the future, but this gives some rough estimate how the TTI length affects the HARQ physical layer structure. In addition to processing times, important issues to consider are the physical layer structure for sending the L1 signaling in uplink and downlink, and the performance and complexity related to that.

3. Conclusion
It is proposed that the text from chapter 2 in this contribution is included into TR 25.986 as a new section “8.2 TTI length vs. HARQ physical channel structure” under chapter 8. Physical Layer Structure Alternatives for Enhanced Uplink DCH.
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