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1. Introduction 

In this document some elaboration is made on TTI lengths that could be employed with enhanced uplink 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. Text proposal to the TR

-------------------------------------------------------- start of text proposal ---------------------------------------------------------------

8. Physical Layer Structure Alternatives for Enhanced Uplink DCH.
8.1 Relationship to existing transport channels

It remains to be determined whether there will be a new transport channel added to RAN specification. Uplink enhancements may 

· consist of methods limited on improving the utilization of existing transport channels or

· introduce methods that require new transport and physical channels
In order to encompass both possibilities, the transport channel is referred here as [E]-DCH.
8.2. TTI length vs. HARQ physical channel structure

Two different TTIs have been mentioned in conjunction with uplink enhancements: either reusing the existing R99 10 ms TTI or introducing a shorter (e.g., 2 ms) TTI:

· Using a 10 ms TTI allows for reusing the R99 DPDCH structure, including baseband processing and TFCI signaling. The drawback is the, compared to a shorter TTI, larger delays.
· Using a 2 ms TTI allows for reduced delays. The drawback is the need for a new physical layer frame structure and TFCI-like signaling. The most straightforward way of supporting a short (2 ms) TTI seems to be the introduction of a new code multiplexed physical channel in the uplink. Using additional codes in the uplink can lead to an increase in PAR, although the value of the PAR increase remains to be investigated.
These 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. N defines the minimum number of HARQ processes required to provide continuous transmission. However, increasing the number of HARQ channels also adds to round trip time and thus N cannot be arbitrarily large. A compromise between round trip time and processing time is of main importance when considering the TTI length.

If the available time for downlink signaling and UE/Node B processing is made long enough through suitable selection of N, 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 downlink physical channel for ACK/NACK as is done in HS-DPCCH for uplink in Rel’5 HSDPA. The downlink ACK/NACK field length is naturally independent of TTI length in uplink.

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 and possible other information provided by the UTRAN, 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. 
The preferred TTI length and N 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.

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.

--------------------------------------------------- end of text proposal ---------------------------------------------------------------------

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.






























































































































































































































