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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 set of solution possibilities is either repetition or TTI length switching. A companion paper [4] discusses the gains of such schemes. This paper outlines some basic principles for operating repetition or TTI length switching and highlights some of the design issues that need to be considered.
Repetition: Basic scheme

The basic 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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As well as the E-DPDCH, the E-DPCCH also needs to be transmitted. There could be several options for how to do this:

· Repeat the E-DPCCH as well, in parallel to E-DPDCH

· However this would mean that either too much E-DPCCH energy would be sent, or that if the E-DPCCH were set to be decodable after the repetitions, then the Node B would not be able to decode the E-DPCCH until after the repetition period

· Transmit the E-DPCCH only in the first TTI, together with E-DPDCH in that TTI

· However then the E-DPDCH energy in the first TTI would differ from the other TTIs if the UE becomes power restricted
· Transmit E-DPCCH on it’s own in the first TTI, and then E-DPDCH in subsequent TTIs
· In fact, the power offsets for E-DPDCH with VoIP and E-DPCCH are fairly similar, and so this option balances power between VoIP TTIs.
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TTI length switching: Basic Scheme

TTI length switching 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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As with repetition, options exist with regard to how the E-DPCCH is mapped:

· Also over a longer time period, in parallel with the longer TTI

· Or in the 2msec prior to the longer TTI

Note that in this case, it does not make sense to transmit the E-DPCCH and E-DPDCH in parallel for only a part of the duration of the E-DPDCH, as for a power limited UE that could lead to a variance in the available EcNo for the E-DPDCH.

In the remainder of this paper, for brevity, the discussion will refer to “Repetition”. However the discussion outlined below could equally be applied where TTI length switching is used.
System level operation

Either the Node B or the RNC will enable repetition in capable UEs. Enabling repetition implies that repetition can be used where appropriate. Once repetition is enabled, then the UE should only use repetition when it has run out of power. The reason for this is that most of the time, most UEs do not need to use repetition and hence can use the normal 2msec TTI and benefit from CPC.
When the UE runs out of power, then it should use repetition. Either the Node B or UE can make a decision that the UE should use repetition in a particular TTI. In principle, the UE has the most up to date knowledge of it’s transmit power situation and can make a decision on using repetition or not on a TTI basis. Of course, signalling to the Node B that repetition has been used would be required (and is required in any case in soft handover), and either the Node B or RNC would retain control of enabling/disabling repetition. Alternatively, the Node B could use L1 signalling to indicate repetition to a UE that it thinks has become power limited.

One issue to consider is how many repetition lengths should be considered. Simulations have shown that repetition does not need to be used for a significant amount of UEs and TTIs, and that if there is more than one repetition length, intermediate repetition lengths are used infrequently. Therefore for design simplicity it is proposed that only one repetition length is considered; i.e. either the UE does not repeat a PDU because it is not power limited, or it repeats it for a fixed number of times because it has become power limited.

The power offsets for E-DPDCH should be set differently for the repetition and no repetition cases, such that the DPCCH level does not vary significantly and hence there is no adverse effect to outer loop power control.

Hybrid ARQ impacts

For the purposes of describing hybrid ARQ, we differentiate between repetitions and retransmissions:
· Repetitions are instances of a PDU that are transmitted again without an ACK/NACK indication from the Node B

· Retransmissions are instances of a PDU that are transmitted again following a NACK from the Node B.
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A retransmission cannot be made until the Node B has received a PDU, decoded it and transmitted the ACK/NACK. Transmitting an ACK/NACK for the first PDU of a set of repetitions does not make sense, as further RX energy will be obtained before the ACK/NACK can be enacted. However transmitting an ACK/NACK after the last of a set of repetitions would be likely to disturb the 8 process HARQ cycle.
Thus it is suggested that:

· A non repeated 2msec TTI may be retransmitted, up to the maximum amount of retransmissions following ACK/NACK signalling (Normal HSUPA operation)
· Where a TTI is repeated, no retransmissions are made (and no ACK/NACK signalling is sent in the DL)

Thus, assuming that 1 HARQ process is enabled for VoIP PDU transmission, every 8 TTIs an opportunity for transmitting will arise. If repetition is not used, a retransmission or new transmission may be made 8 TTI after the start of the TTI. If repetition is used of duration <8 TTIs, then a new transmission may be made 8 TTIs after the start of the repetition. If the repetition is > 8 TTIs, then a new transmission may be made 16TTIs after the start of the repetition.
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Signalling of repetition / TTI length switching to Node Bs

If the UE makes the decision on whether to do repetition, then it is necessary to inform the serving Node B of the use of repetition in a TTI. In any case, even if the Node B makes and signals the decision to the UE, then in soft Handover it is necessary to inform non serving Node Bs of the use of repetition. Several possibilities could exist for such signalling, for example:
· Use of the E-TFCI

· UEs that may need to do repetitions are power limited and unlikely to use the highest E-TFCIs. Therefore configuration of repetition could be used to re-define the E-TFCIs, such that a subset which relate to transmission of a certain transport block size together with repetition could replace the highest transport block sizes

· The use of the E-TFCI would imply that the E-DPCCH should be decodable in the first 2msec, in order that the Node B can make a decision on whether to continue to receive repetitions

· Variation of the E-DPCCH power offset

· The Node B could detect the offset and use this information to determine whether repetition has been used. For example, if E-DPCCH is transmitted in every repeated TTI, then the E-DPCCH power offset will be lower using repetition compared with no repetition

· Introduction of new physical layer signalling

· This would be undesirable
E-TFC selection
The design of E-TFC selection would, of course be within the scope of RAN2. We note however that clearly the E-TFC selection would need to select not only a E-TFCI, but also decide whether to use repetition.
The E-TFC selection may also need to cope with further logical channels; e.g. for carrying SRBs. These could be multiplexed with the VoIP. Alternatively, some HARQ processes could be reserved and specifically not included in repetitions in order that they could be used for other traffic.

Conclusion
A number of basic design issues that should be considered if using repetition or TTI length switching for 2msec TTI range extension have been discussed. As part of a standardisation phase, a number of design decisions would need to be taken:

· Repetition vs TTI length extension

· TTI/repetition length

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

· It would be preferable to allow for decoding of E-DPCCH in the first 2msec TTI. This can be achieved if E-DPCCH is only transmitted in the 2msec TTI. It is then TBD whether any E-DPDCH is also transmitted in that TTI.

· Use of TTIs for repetition/reservation of some TTIs for other traffic

· Reservation of some TTIs may allow more options for transmitting SRBs etc.

· System operation: Node B or UE decides to do repetition on a TTI by TTI basis

· The UE has more information on it’s UPH and must inform non serving Node Bs anyhow if it is doing repetition; UE deciding is preferable

· Application of retransmissions and ACK/NACK signalling 

· no retransmissions of repetitions
· Signalling of the use of repetition by the UE to the Node B(s)

· E-TFC selection
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