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Introduction

Two types of user may be scheduled in the LTE downlink; localised users, who are allocated blocks of contiguous tones based on reported CQI and distributed users, who are allocated non-contiguous tones across their bandwidth in order to take advantage of frequency diversity. Examples of distributed channels might include shared/common control channels or shared data channels for fast moving users.
In designing a signalling structure for indicating allocated resources to terminals, it is preferable not to require terminals to have to decode signalling for other users, since this might imply power inefficiency in the signalling and less robustness. Furthermore, a signalling structure relevant to both types of channel would be preferable.

This document outlines a proposal for a combined signalling structure for both localised and distributed channels. To enable the structure, tones allocated to distributed users have to be allocated according to a certain pattern, as described in the paper. A companion paper [2] contains some simulation results indicating the impact of the tone pattern applied to the distributed users.

Design goals:

The goals of the proposed signalling scheme are as follows:

· Ensure operation with multiple bandwidth UEs is possible

· Minimise signalling overhead

· Locate scheduling information within the same frequency bands as the resource allocations (since allocations are likely to be made at frequencies  for which the channel conditions are good)
· Localise scheduling allocation information for localised users

· At least to some extent, distribute scheduling information for distributed users

Description of the proposed signalling structure:

The scheduling information is divided into two types:

1. Allocation of a UE to a particular portion of the spectrum; e.g. a 5MHz UE to a portion of the bandwidth of a 20MHz basestation

2. Allocation of time/frequency resources to a UE within the operating band as specified by (1).

It is assumed that (1) does not contribute to multiuser diversity, but is important for radio resource management. If it further assumed that signalling to move users between sub-bands may be carried, for example via RRC signalling and that the DCCH carrying such signalling will be mapped to the scheduled shared transport channel.

The information in (2) allows for fast management of resources and exploitation of multi user diversity. It is assumed that this information is assigned on resources in the first symbol or two of each sub-frame that are dedicated for carrying this scheduling information.

It is further assumed that the resource is partitioned into 375kHz frequency chunks, where each chunk is allocated for the remaining duration of a sub-frame and that this is the minimum unit that can be allocated using the fast scheduling signalling.

Localised resource allocation:

Since localised resources are generally scheduled to frequency chunks for which a user has good SIR, it makes sense to locate the signalling indicating allocation of such resources in the same frequency bands as the resources themselves. Thus it is proposed that the tones corresponding to the allocated resource in symbol 1 are used for conveying allocation information:

· Modulation type

· Duration of allocation

· Number of consecutive chunks
· UE ID (CRC mask)

Note that the location of the allocated resource is implicitly known from the location of the signalling. Furthermore, it is assumed that transport format and HARQ information is conveyed as part of the allocated resource using something equivalent to a TFCI.

The “number of consecutive chunks” field may be useful for reducing signalling overhead if the scheduler is likely to allocate consecutive (in frequency) chunks to a user. In the case of multiple contiguous chunks being scheduled to a user, the control symbol would contain the control information in the frequency band of the first chunk, including the number of consecutive chunks that are allocated to the user. The tones in the first symbol relating to the remaining consecutive allocated chunks would then be assumed by the terminal to be part of the data payload.
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Figure 1 Example of the proposed localised resource allocation. Each localised chunk consists of e.g. 25 contiguous tones in all 7 symbols. The first symbol contains allocation information indicating to which user the chunk has been allocated

Distributed resource allocation

In a previous paper, it was proposed that distributed resources should be located within specific time/frequency chunks, in order that there is no need for localised users to know which distributed resources have been allocated [1].

For the lowest bandwidth UE (1.25MHz), there are only 3 time/frequency chunks. Thus for allocating distributed resources, there exists the possibility of using 1, 2 or 3 chunks for distributed tones.

It is proposed that within each 1.25MHz segment of a basestations transmit bandwidth, distributed resources be allocated to either zero of the chunks, the middle chunk only, the first and last chunks or all 3 chunks.

Distributed users might cover 1.25MHz or a greater bandwidth. It is desirable for the allocation signalling for distributed users to be itself distributed in some way in order to improve reliability.

Also proposed is that a constraint is placed on distributed resources that they are allocated using the same allocation unit size as used for localised resources; e.g. 25 tones.

In the following description, for the sake of clarity tones allocated to a user within a chunk are depicted as contiguous. Note however that regularly or randomly spaced distributions of tones within a “distributed” chunk can also be employed and are likely to yield improved performance.

It is proposed that signalling to indicate that distributed resources are scheduled for the user is located at the same frequencies as the distributed information itself.
Consider firstly a 1.25MHz terminal. Such a terminal could be allocated distributed resources in either the first and third chunks or all 3 chunks (allocation in the second chunk only is not relevant in this case since that would be the same as a localised allocation).

If chunks 1 and 3 are employed, up to 2 users can be accommodated (The first user would use 12 tones in chunk 1 and 13 in chunk 2; the other user 13 in chunk 1 and 12 in chunk 2 assuming 25 tones/chunk). The signalling for the first user is indicated in the first OFDM symbol using the first 12 tones in the first frequency band and the first 13 tones in the second band for user 1. Similarly for user 2, the last 13 tones in band 1 and the last 12 in band 2 are used. The signalled information is as follows:

· Modulation format

· Scheduling duration information

· Number of 1.25MHz subbands in distributed allocation; in this case 1

· Number of consecutive allocations
· UE ID as CRC mask

The “number of consecutive allocations” field may be used in a similar manner to the “number of consecutive chunks” field for the localised signalling; i.e. in the case that the scheduler allocates a terminal multiple chunks of distributed resources. The signalling in the first resource would indicate the allocation and the amount of consecutive units, whilst the control tones relating to the remaining resource units could be assumed to be part of the data payload.
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Figure 2 Distributed resource allocation on chunks 1 & 3 shared between 2 users

If all 3 chunks are allocated to distributed users, the band is split into 3 parts (8 tones in 2 chunks and 9 in a third for each user). In a similar manner to the distributed chunks case, the frequency band in the first OFDMA symbol is divided into 3 sections in each band, in which a third of the signalling information is sent for a user. By combining the signalling information across 3 chunks, each scheduling message is decoded.
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Figure 3 Distributed resource allocation on chunks 1, 2 & 3 shared between 3 users

Consider now the case of a larger bandwidth terminal. It is proposed that a terminal be allocated 1, 2, 4, 8 or 16 1.25MHz subbands within which he receives distributed resources. Suppose there are two 2.5MHz users who are allocated 25 distributed tones, which are to be distributed across 2*1.25MHz subbands. 

Three cases are considered; firstly that chunks 1 and 3 are used for distributed resources in each of the 1.25MHz bands. Signalling of usage of distributed resources is made in the same manner as described for the 1.25MHz user; i.e. the distributed frequency bands are split into 2 parts and in the first OFDMA symbol signalling is partially in band 1 and partially in band 3 as in Figure 4. In this case, the upper part of the allocation is split between the two 2.5MHz users that are using 2 1.25MHz bands. In the first 1.25MHz band, signalling is placed for user 1. However the “number of 1.25MHz subbands” field is set to +2 in this case. This indicates to the terminal that it should use half of the allocated half chunk in this and the next 1.25MHz band. The second user is indicated in the second 1.25MHz band with a number of subbands indicated as -2 in dictating that the user should use the second half of the half chunk for this and the previous 1.25MHz band. In the figure, the other half of the allocated distributed chunks are allocated to two further 1.25MHz users; one in each band.
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Figure 4 Distributed resource allocation on chunks 1 & 3 shared between 4 users. The blue and red users are 2.5MHz users and have their distributed allocation located in 2*1.25MHz subbands. The green and purple users are allocated distributed resource within only 1 1.25MHz subband

In the case of chunks 1,2,3 being used in each 1.25MHz band, the same principle is employed for indicating users that utilise 2 1.25MHz bands, as shown.
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Figure 5 Distributed resource allocation on chunks 1, 2 & 3 shared between 6 users. The blue and red users are 2.5MHz users and have their distributed allocation located in 2*1.25MHz subbands. The green , purple, white & brown users are allocated distributed resource within only 1 1/25MHz subband

In the case of only chunk 2 being used, 2 users can be allocated half of the chunk in each of 1.25MHz blocks in a similar manner.
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Figure 6 Distributed resource allocation on chunks 2 shared between 2 users., who are both allocated resources in 2*1.25MHz subbands

The same principle is applied if a distributed resource is to be split amongst 4 users in 4*1.25MHz sub bands. In this case, the chunk, half chunk or third chunk is split between 4 users, with each user being indicated in one of the 1.25MHz subbands. User 1 is indicated in band 1, with a number of chunks indication of 3; i.e. the following 3 chunks are used. User 2 is indicated in the second band with a duration (-1,2); i.e. the preceding 1.25MHz band and the following 2 bands are also considered in allocating distributed resources,
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Figure 7 Distributed resource allocation on chunk 2 shared between 4 users, who are all allocated resources in 4*1.25MHz subbands

A flowchart of the described process from the terminal point of view is as follows:
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Figure 8 UE signalling decoding procedure

Advantages of the proposed scheme

· Allocation signalling is made at the same frequencies as the allocations; for localised users this should lead to the signalling being at frequencies for which radio conditions are good

· Allocation signalling decodable by all UE bandwidths

· Allocation signalling self-contained within a subframe

· Flexibility to allocate distributed resources across 1.25MHz or larger bandwidths

· No need for localised users to know distributed resource allocations or vice versa

· Efficient signalling; no need to explicitly transmit the location of resource allocation

Disadvantages of the proposed scheme

· UE needs to decode a potentially large amount of control signalling – e.g. for 5MHz there are 4 1.25MHz subbands each of which contains 3 chunks

· 12 Potential localised resource allocations

· 8 potential allocations to chunks (1,3)

· 12 potential allocations to chunks (1,2,3)

· 4 potential allocations to chunk 2

· Total 36 control channel decodings (worst case); this is 9 times more than for HSDPA in ¼ of the time.

· However this might be mitigated by reducing the procedure shown in Figure 8; e.g. Localised user decodes only localised allocation; distributed user decodes only distributed possibilities. This would be accompanied by advance signalling of the allocation type (distributed vs. localized). However for distributed users, advance signalling of allocation might be acceptable since allocation will anyway not be based on CQI feedback.

Conclusion

A signalling proposal for accommodating localised and distributed resource allocation and minimising signalling overhead for OFDMA based LTE downlink is proposed. A companion paper [2] presents some simulation results relating to the proposal
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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. To achieve such scattering, a set of resource blocks, spread evenly over a specified bandwidth are nominated for such transmissions. Scattered transmissions can then be made by means of transmitting a proportion of the information intended for each scattered users in each of the nominated resource blocks, as indicated in figure x.x:
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Figure x.x Localised and scattered resource allocation. In this example, every second resource block is allocated for scattered users. Each of the scattered users (blue, yellow) in this figure is multiplexed into the “scattered” blocks. The tones used within each scattered block may be randomly distributed, rather than contiguous as is implied in the figure.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
For users that are not scheduled scattered transmissions, the control signalling is located in the first or first/second OFDM symbols of the subframe in the same frequency band as at least one of the allocated resource blocks.

For users that are scheduled scattered transmissions, the control signalling is located in the first or first/second of the OFDM symbols of the subframe at a subset of the same frequencies as the data transmissions within a 1.25MHz portion of the users transmission bandwidth.
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