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Introduction
A Work Item to investigate proposals for improvement of the range of the 2msec HSUPA TTI and their benefits and standardise a suitable solution was approved at RAN#43. The aim of the proposals is to enable operation of HSUPA in large cells without the need for configuring 2 TTI lengths for handling coverage near to the cell edge. One means for achieving this is by means of either repetition, or TTI length extension. A paper outlining the basic principles and some of the issues to consider for these options was presented at RAN1#46bis [4]. This paper recalls the basic principles and presents an analysis of the impacts of these schemes to the 3GPP specifications.
Repetition: Basic scheme

The principle behind repetition is that coverage is improved by transmitting the VoIP packet for a longer period of time. This is achieved by repeating the basic 2msec E-DPDCH TTI. The repetitions may be consecutive, or may not include certain TTIs relating to other HARQ processes. Clearly, if repetition is used then the UE will not be able to send data on the HARQ process that the repetition has overwritten.
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TTI length extension: Basic Scheme

TTI length extension is similar to repetition. When the UE becomes power limited, it transmits over a larger number of slots. However instead of repeating a 2msec TTI, the output of the FEC coder is rate matched and mapped to the slots as a single TTI. Note that the slots do not necessarily need to be consecutive, and the length of the TTI does not necessarily need to be 10msec.
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Design considerations
As discussed in [4], there are a number of issues to be considered in the design of such a coverage extension scheme. These are recalled below, and assumptions made in the analysis of specification impact are noted:
· Repetition vs TTI length extension

· We have not made an assumption and consider the specification impact of both (although clearly only one of these would be standardised). The analysis will show that repetition has a lower impact on the specifications.
· TTI/repetition length

· We assume that this is a semi-statically configurable parameter, set by RRC (although the analysis would be very similar also in the case of a fixed value set in the specifications).

· Application of retransmissions and ACK/NACK signalling 

· We assume no retransmissions of repetitions / extended TTIs

· However the beta_eds are set such that the residual FER requirement is met in the same way using repetition as HARQ.

· Channel structure and multiplexing of E-DPCCH/E-DPDCH

· We assume that E-DPCCH is transmitted in the first 2msec and then repetitions/E-DPDCH for the remainder of the duration of an extended transmission.
· Use of TTIs for repetition/reservation of some TTIs for other traffic

· We assume that this is hard wired in the specification or at least semi-statically configured by the RRC.
· System operation: Node B or UE decides to do repetition on a TTI by TTI basis

· We assume that the UE is configured to be repetition enabled by RRC, and then decides autonomously when to apply repetition (or TTI length extension)
· Signalling of the use of repetition by the UE to the Node B(s)

· We assume that this is done by means of a re-defined E-TFCI, for which the highest data rates are removed from the table, whilst options for lower data rates combined with longer transmissions are added

· E-TFC selection
· We assume that the E-TFC selection is responsible for the decision whether to do repetitions (or extended TTI)

3GPP specification impacts
This section outlines impacts to the specifications of repetition and of TTI length extension. The listing may not be exhaustive, but the main areas are captured.

RAN1 specifications
25.211

Impacts to 25.211 are limited to minor wording changes:

· 5.2.1.3 (E-DPDCH and E-DPCCH) an extra clause should be added clarifying a further situation in which E-DPCCH would be transmitted without E-DPDCH (i.e. when using repetition or TTI length extension)

· 5.2.3.4 (E-RGCH), 5.2.3.14 (E-AGCH) specify transmission lengths for 2msec and 10msec TTI. Wording chould be added to indicate that the transmission length used for 2msec TTI repeated or extended transmissions, although this is probably not essential.
· 7.11 – Wording should be added to clarify that E-RGCH timing is unaffected when 2msec TTI repetition or extension is applied (not essential for repetition).
25.212
The principle impact to 25.212 is a minor change to the physical channel mapping for TTI length extension. For repetition, the changes are very limited.

· 4.9.2.2 (Information field mapping of retransmission sequence number) – wording should be added to clarify that for repeated or extended 2msec transmissions, the TTIN value is calculated based for example on the first 2msec subframe of the transmission

· 4.9.5 (Physical channel mapping) should be clarified to allow for  TTI extension

· For repetition, there is no change to the physical channel mapping. For extension, the bits are mapped to the longer TTI. It should be noted that if the number of subframes in the extension is a power of 2 and the spreading factor is increased correspondingly, then the physical channel mapping for extension is a matter of doing 2msec TTI coding and rate matching and then selecting a subset of the rate matching buffer for each subframe of the extended TTI

25.213

There is no real need for changes to 25.213. It should be noted that with a time multiplexed E-DPCCH, then it is difficult to deal with E-DPCCH boosting. However boosting is intended for high burst rate vursty traffic and 2msec TTI extension for extending the coverage of latency constrained voice and data services, and thus the most straightforward thing to do would be to avoid the issue and disallow E-DPCCH boosting when repetition or extension is applied.

25.214

· 5.1.2.5B.2.4 (E-DPDCH/DPCCH adjustments relating to compressed mode). For repetition, a note could be added that the same procedure should be applied for repeated 2msec TTIs. For length extension, the same procedure as for the 10msec TTI could be applied, with a minor adjustment to the formula for calculating the scaling factors in which the hard wired value of 15 slots in a TTI is adjusted according to the actual TTI length.
Thus, in particular for repetition the RAN1 specification impact is a wording update in 25.211 and a few possible clarifications.
Other WG specifications
The most significant impact from 2msec TTI repetition or extension is in the MAC specification; thus for completeness an analysis of the impact to the MAC specification is presented below:

25.321
· 8.1.2 (L2 to L1 primitives) A primitive should be passed to the physical layer to indicate use of repetition or extension. This  could be seen as part of E-TFCI, so an update to the wording may not be necessary

· 8.3 (RRC to MAC primitives) An RRC to MAC primitive would be needed to indicate the availability of repetition or extension. The primitive could also indicate the length of repetition or extension and, if necessary the pattern. It could also be considered whether to limit repetition or extension to certain HARQ processes.

· 9.2.5.1 (HARQ information) It should be noted here that no ACK/NACK transmission is made on E-HICH for repeated or extended TTIs and that the UE should assume ACK.

· 9.2.5.4 (Transport block size) The description here should be updated to allow for a redefinition of TFCI for repeatable TTIs in which the highest data rates are removed, but the possibility of transmitting some of the lower data rates with extension or repetition is added.

· 11.8.1.1 (HARQ Operation). The HARQ operation should be updated to allow for:

· Repetition using the same RSN

· Overwriting of some HARQ processes when extension or repetition is used

· Pending transmissions for those processes would need top be dealt with in some way; e.g. they could be completed before starting repetition transmissions
· 11.8.1.4 (E-TFC selection) This section should be updated to allow for the E-TFC selection, if repetition or extension is configured and it is not able to transmit all of the contents of the UE buffer due to power limitations to select repetition or extension and then appropriately select a transport block size

· 11.8.1.5 (Happy bit) – this should always be set as “Happy” when repetition or extension is used as clearly the UE is power limited.

· 11.8.1.7  (MAC reset) Some wording may be needed to clarify repetition behaviour on a MAC reset

· 11.8.2.1.2 (HARQ process at Node B) – clarification should be added on how RSN is mapped to RV, although this will in fact be implemented in 25.212 
Conclusions

The impacts of 2msec TTI repetition and extension to the 3GPP specifications have been analysed. Impacts to the RAN1 specifications are minor. The largest impacts are to HARQ and TFC selection. The required updates should be, however straightforward to work into the existing specification.
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