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1
Introduction
E-UTRA downlink has to support both localized (block-wise) subcarrier transmission and distributed (scattered) subcarrier transmission [1]. To accommodate different traffic services, user abilities, and take advantage of the channel properties, it is beneficial to multiplex localized and distributed transmissions. The multiplexing can be done in a TDM manner, where some interlace is devoted to localized and some to distributed allocation, or in a manner where within one slot the multiplexing of both localized and distributed allocations is done. In order to support either downlink transmission scheme, a flexible control channel structure is needed. In this document, we present such flexible control structure, and also we show some multiplexing techniques that can reduce uplink overhead.
2
Downlink Data Multiplexing and Control
Multiplexing

Localized (block-wise) transmission assumes allocation of a number of consecutive subcarriers. This is appropriate for low speed users to get multiuser diversity from channel dependent scheduling. On the other hand, distributed (scattered) transmission assumes allocation of non-consecutive subcarriers or non-consecutive small chunks of subcarriers. This type of transmission is desirable for high speed users, since channel dependent scheduling and link adaptation do not work well, and the objective is to maximize frequency diversity. To facilitate the needs of both low and high speed users, it is desirable to multiplex localized and distributed transmission schemes. The arising question is how to achieve most of frequency diversity with the distributed allocation, provide coordination between localized and distributed allocation such that there is no collision, and keep control overhead small. We consider the following options:
1. The whole frequency band is divided into a fixed number of localized subbands and distributed allocation is done as needed. Here, in addition to notifying each scheduled user about his allocation, the portion of the resources allocated to distributed users has to be signalled to the users in the cell scheduled in the localized manner, to assure proper puncturing in the localized resources. This approach can provide good frequency diversity for the distributed allocation. However, the number of localized subbands remains the same regardless of the amount of distributed resources taken, and therefore the uplink overhead needed for the quality reports of subbands can not be reduced. 
In Figure 1 we present the example of this scheme. When there are no distributed allocations, three localized subbands are present. With distributed allocation, the number of localized subbands remains the same, only the number of carriers of each localized subband gets smaller.  
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Figure 1:
Multiplexing of localized and distributed allocation
2. The whole frequency band is divided into a number of localized subbands, such that the number of carriers occupied by each localized subband, excluding the punctured distributed resources, remains the same. This way, if the amount of distributed allocations becomes high, the number of localized subbands will get smaller, and therefore the amount of uplink overhead taken for subband quality reporting will be lowered. Note that in case of heavy puncturing of the localized subbands due to distributed allocations, the width of the frequency band spanned by one localized subband can become large. Therefore, the frequency selectivity of the localized subbands may be diminished.
The example of this scheme is given in Figure 2. In the absence of any distributed allocation, the number of localized subbands is three. As the distributed allocation increases, the number of localized subbands becomes two, while the number of subcarriers in localized subbands is preserved.
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Figure 2:
Multiplexing of localized and distributed allocation
3. The whole frequency band is divided into a constant number of subbands, and spacing of the punctured distributed allocations (taken by the distributed subband) is specified for each subband. This enables that, if needed, subbands can be non-uniformly punctured. Also, some localized subbands can become distributed (spacing =1), which lowers the number of subbands for which uplink quality feedback is needed. Specific resource allocation is signalled on the control channel of each scheduled user and should include the same information as in the previous case (2).
The example of this scheme is given in Figure 3. In the absence of any distributed allocation, the number of localized subbands is three. As the distributed allocation increases, the number of localized subbands becomes two. The distributed allocations are not uniformly distributed over the subbands. The middle subband is all distributed, while the first and last subbands are localized with distributed puncturing. The frequency span of the localized subbands remains constant, but the number of subcarriers in localized subbands is smaller due to puncturing of the distributed allocations.
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Figure 3:
Multiplexing of localized and distributed allocation

As it is shown in schemes 2 and 3, when distributed allocations are significant, it is possible to lower the number of localized subbands, and therefore have channel quality overhead reduction in the uplink. For example, if there are nominally four localized subbands, and the number of designated bits for subbands’ channel quality is eight, than in case the number of localized subbands is lowered to two, one would need only five bits to represent their channel quality (MCS index, for example).If we opt for bandwidth overhead reduction, rather than the power reduction, the extra three bits can be used to improve the granularity of the channel quality feedback. This may be very crucial in MIMO case, where the nominal feedback could be quite coarse due to the significant overhead requirements.
Control
The control structure considered here is generic enough, so it covers all transmission schemes – purely distributed, purely localized, or multiplexed localized and distributed.

In general, the information about the boundaries of the localized subbands and spacing between distributed subcarriers needs to be conveyed to all users in the cell. This can be done by broadcasting the information on the common control channel.

Specific resource allocation is signalled on the control channel of each scheduled user and should include:

· Subband ID

· Starting point and spacing, for distributed users, or

· Starting point and number of tones, for localized users.

One subband ID is designated for distributed allocations and the rest are localized, so depending on the subband ID allocated, each scheduled user would know if it is localized or distributed, and therefore know how to interpret the control channel.
3
Summary
In this document, we presented multiplexing schemes which enable reduction of the uplink overhead taken by the subband quality indication. The saved resources can be used to improve the granularity of the subband channel quality reporting, which can be especially beneficial in MIMO case.
We also showed the control mechanism that is generic and applicable to all transmission schemes – purely distributed, purely localized, or multiplexed localized and distributed.

We propose that the following text is captured in [1]:
-------------------- Start of text proposal --------------------

7.1.1.2.1
Downlink data multiplexing

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

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.

Localized (block-wise) transmission is appropriate for low speed users to get multiuser diversity gain from channel dependent scheduling. On the other hand, distributed (scattered) transmission is desirable for high speed users, since the channel dependent scheduling and link adaptation do not work well, and the objective is to maximize frequency diversity. To facilitate the needs of both low and high speed users, it is desirable to multiplex localized and distributed transmission schemes.
The multiplexing can be done in a TDM manner, where some interlace is devoted to localized and some to distributed allocation, or in a manner where within one slot the multiplexing of both localized and distributed allocations is done.
Certain multiplexing transmission schemes can reduce uplink overhead taken by the subband quality indication. The saved resources can be used to improve the granularity of the subband channel quality reporting, which can be especially beneficial in MIMO case. The following is an example of such scheme:

· The whole frequency band is divided into a number of localized subbands, such that the number of carriers occupied by each localized subband, excluding the punctured distributed resources, remains the same. This way, if the amount of distributed allocation becomes high, the number of localized subbands will get smaller, and therefore the amount of uplink overhead taken for subband quality reporting will be lowered. Note that in case of heavy puncturing of the localized subbands due to distributed allocations, the width of the frequency band spanned by one localized subband can become large. Therefore, the frequency selectivity of the localized subbands may be diminished.

The example of this scheme is given in Figure 1. In the absence of any distributed allocation, the number of localized subbands is three. As the distributed allocation increases, the number of localized subbands becomes two, while the number of subcarriers in localized subbands is preserved.
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Figure 1:
Multiplexing of localized and distributed allocation

The control information is generic and applicable to all transmission schemes – purely distributed, purely localized, or multiplexed localized and distributed:
· Information about the boundaries of the localized subbands and the position of the distributed subcarriers needs to be conveyed to all users in the cell. This can be done by broadcasting the information on the common control channel
· Subband partitioning is done in a semi-static manner
· Specific resource allocation is signalled on the control channel of each scheduled user and should include:
· Subband ID
· Starting point and spacing, for distributed users, or
· Starting point and number of contiguous tones, for localized users
· One subband ID is designated for distributed allocations and the rest are localized, so depending on the subband ID allocated, each scheduled user would know if it is localized or distributed, and therefore know how to interpret the control channel.

-------------------- End of text proposal --------------------
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