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1
Introduction

In this contribution, a structure for time multiplexing of UL E-DCH signalling is described. The rational behind the proposal is to avoid using an additional code in the uplink to transmit UL signalling when using 10ms TTI and therefore avoid increase of peak-to-average ratio, while allowing the necessary signalling with enough robustness whatever signalling needs are identified during the definition process of FDD enhanced uplink.
2
Description of the proposed structure
The following information are time multiplexed on E-DPDCH:
· New Data Indicator : 3 bits

· HARQ process number : 3 bits (if asynchronous HARQ is used)

· MCS : 5 bits 

· Redundancy Version : according to papers presented in past meetings 2 bits seem to be sufficient ([3])
This gives a total of 13 bits.
An 8 bits CRC is added to the concatenated control information, this yields a total of 21 bits.
Depending on the spreading factor applied, convolutional coding rate 1/3 or ½ or block coding can be used.
Although the control information is time multiplexed on the E-DPDCH, it is proposed that the spreading factor used to spread the control information is fixed and not tied to the spreading factor used to spread the data.

2.1
Control information length
If one wants to ensure that this information is encoded in the same manner for 2ms and 10ms TTI one option could be to use 3 out of the 15 slots to transmit the UL control information.

Depending on the protection one wants to achieve SF 256 or 128 could be employed.

One drawback of such an approach is a reduction of 20% of the available resource for the data on one code, 10% reduction for 2 codes, 5 % on 3 codes… assuming the control information is only multiplexed on the first code and the following codes are entirely used to transmit data. Note that the higher the peak data rate chose for EUL the smaller the impact of the TDM approach on this peak bit rate.
This is illustrated on the figure below.
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Figure 1: Time multiplexing of HARQ control information and E-DCH CCTrCh on E-DPDCH
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Figure 2: Multi-code case
The multi-code solution does not differ from what is currently envisaged to map E-DCH CCTrCh.

Alternatively if 3 slots is considered too much impacting, the information could be reduced to 2 slots or even less however this would be at the detriment of consistency between 2 and 10 ms TTI and performance.
This approach is illustrated on the figure below

E-DPDCH (10ms TTI)







HARQ control info







E-DCH CCTrCh




 

SFc = 128/256







SFd = SFmax, ….8, 4

Figure 3: Time multiplexing of HARQ control info (2slots) and E-DCH CCTrCh
2.2
Position of the control information in the time multiplexed structure

Assuming we retain the 3-slot long structure i.e. 60 bits at SF = 128, the encoded control information bits can either be transmitted in the first 3 slots of the 10ms subframe (corresponding to 1 2ms subframe), or distributed as e.g. 4 bits bits in each slot of the frame.
Option 1: First 3 slots of the frame is illustrated on figure 1
Option 2: Distributed approach is illustrated below
E-DPDCH (10ms TTI)



Figure 4: Time multiplexing (distributed approach)
The blue color represents the encoded HARQ control information which is distributed on the whole frame.
The advantage of option 1 is that it is much easier to have a specific spreading factor for these 3 slots at the beginning of the frame than to have 4 bits per slot using a different SF.

On the other hand, option 2 will benefit from interleaving over 10ms instead of 2ms.
 2.3
Synchronous/Asynchronous HARQ, Redundancy Versions

The proposal described here assumes asynchronous HARQ and complete freedom of the UE in the use of redundancy versions, and this results in 13 bits control information for HARQ operation. Depending on the conclusions reached on HARQ the proposal can be adapted and the number of bits reduced accordingly i.e. leading to 8 bits as in [2].

This can result either in a larger protection or a smaller TDM length of the control information.

2.4
2ms TTI case

When a 2ms TTI is used, the same structure could be used but using CDM, since it is clear that stealing time slots to data is not realistic in that case. Although this is not the same scheme in both cases (2 and 10ms TTI), the difference is marginal if the same structure (SF, coding) is kept for the transmission on the e.g. 3 slots.
3
Conclusion
This paper describes a proposal to use time division multiplexing to transmit E-DCH HARQ UL signalling in the case of 10ms TTI. The advantage of such an approach is to avoid using an extra code in the UL to transmit such control information. This approach may not be suitable for 2ms TTI but there are some ways to keep some similarities between the 2 TTI lengths even if the physical layer multiplexing are not identical.
Several time multiplexing approaches are proposed keeping in mind that we should avoid having too different structures for 10ms and 2ms TTI.
It is proposed to consider time multiplexing of HARQ control information for the 10ms TTI. The same structure, with CDM multiplexing, could be used for 2ms TTI in case the first option is selected.
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