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1 Introduction

In this contribution, a hybrid multiplexing of localized and distributed channels which can flexibly allocate time-frequency (TF) resource to users is presented.

2 Multiplexing Scheme 
The occupied sub-carriers are grouped into some equal-sized sub-bands. As for the mode of 5 MHz bandwidth in which the common parameter refers from TR25.814 [1], the entire bandwidth could be divided into 15 sub-bands as shown in all the following examples, and each sub-band contains 20 sub-carriers. The sub-carrier spacing is 15 KHz and the bandwidth of one sub-band is 300 KHz. Usually the bandwidth of sub-band is chosen to be as small as the coherence bandwidth in order to maximize the frequency diversity. In the time domain, a TTI contains 6 or 7 symbols, which also refers from TR25.814 [1].

For users, there are two multiplexing methods available, scheduling and frequency diversity. So the multiplexing scheme for the system could be classified into three types. 

1. All TF resource is used for scheduling;

2. All TF resource is used for frequency diversity;

3. Both scheduling and frequency diversity are implemented.

The TF resource above refers to the entire bandwidth in frequency domain and a TTI in time domain.
In the following, the three types of multiplexing schemes are described.

Firstly, only time/frequency-domain channel-dependent scheduling is applied within one TTI. One or more sub-bands are assigned to high-rate users, while fractions of some sub-bands are assigned to low-rate users, which is shown in Figure 1.

Secondly, only frequency diversity with frequency/time hopping is applied within one TTI. Frequency diversity benefits the condition such as high mobility of user and low SINR (signal-to-interference plus noise power ratio). In the meanwhile, generated by arranging the channel-dependent time resource according to agreed TF pattern (TFP), the hopping scheme brings time diversity gain. Figure 2 shows an example of all TF resources are allocated in this way.

 Thirdly, some TF resources are used for frequency diversity, while the remaining ones are used for scheduling. As shown in Figure 3a, 1/2 of all the sub-bands are used for frequency diversity while other sub-bands are used for scheduling as described in the earlier part.
 Another case is that the users employing frequency diversity are not able to cover the entire sub-bands assigned to them, in the same time, reducing the number of sub-bands for frequency diversity will decrease the diversity gain. The solution is to allocate a part of  TFPs in the assigned sub-bands to them, and to allocate all the remaining TF resources to users applying scheduling, as shown in Figure 3b, in which frequency diversity users and scheduling users share the same sub-bands. 
The same TF pattern is implemented in all the cases as an example.

Fig. 2  All sub-bands used for frequency diversity with frequency/time hopping (each UE occupies one or more TFPs in every sub-band)
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Fig.1 Channel-dependent scheduling. (UE3 and UE4 multiplex sub-band 9; other UEs occupy one or several sub-bands.)
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Fig.3a       1/2 sub-bands for frequency diversity, 1/2 sub-bands for scheduling (UE1, and UE2 occupy the sub-bands with even label for frequency diversity, UE3 and UE4 occupy the sub-bands with odd label for scheduling)
Fig.3b   Part of  TFPs for frequency diversity, the remaining resources for scheduling (UE1 and UE2 occupy 4 TFPs for frequency diversity, UE3 and UE4 occupy all the remaining TF resources for scheduling)
3 Signaling for proposed multiplexing scheme

    Generally speaking, 2 kinds of parameters are implemented to describe the multiplexing scheme, one is in the frequency domain, i.e., the label of sub-bands in frequency domain, and the other is in the time domain, i.e., the label of TFP. Suppose the TF resources assignment covers all the patterns, i.e., each symbol in any sub-band can be independently represented and assigned to any user, then the required number of signaling bits is too large to be transmitted. Fortunately, the exhaustive representation is not necessary.

    By setting limitations to the multiplexing schemes, without decreasing the performance much, the signaling is simplified in the following ways:

1. For users with frequency scheduling, the selection of TFP labels is the same to each occupied sub-band； And for users with frequency diversity, the selection of sub-bands is the same to each occupied TFP.

2. Equally distributed sub-bands are used for users with frequency diversity, and in the frequency domain, those sub-bands are assigned as a whole to the users employing frequency diversity.
3. TFPs are allocated to one user with continuous labels. 

4 Conclusion
We propose a hybrid multiplexing scheme for EUTRA downlink, in which both distributed and localized channels are considered, meanwhile, frequency diversity and time diversity are also taken into account. The suggested limitations are used to reduce the signaling.
5 Text proposal
Here follows the text proposal for inclusion of the above mentioned principles into the downlink multiplexing section of TR 25.814.

--------8<----------------------8<---------------Start of text proposal--------8<----------------------8<--------------
7.1.1.2.1
Downlink data multiplexing
In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity. Useful sub-carriers are divided into some sub-bands and a TTI is assigned to a set of TF pattern. Node B allocates TF resources to UEs by inform two kinds of information, one is the TF pattern identifier, and the other is the sub-band identifier.
--------8<----------------------8<------------------End of text proposal------8<----------------------8<--------------
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