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1. Introduction

The downlink resource allocation or data multiplexing and respective block sizes have been recently addressed during the discussion on E-UTRA. In this contribution we want to show some aspects which have to be considered for the definition of the allocation structure and the resource sizes. We want to address some aspects that have not been considered so much in previous contributions namely: common control channel reception in bad geometries, multi-antenna reception, signalling and interference coordination. 

In contrast to [3]or [3] we propose to use two sizes of resource blocks, one for the smaller bandwidth <= 2.5 MHz (10 aubcarriers) and a larger size (12 subcarriers) for the higher bandwidth. The number of blocks or frequency patterns available for scheduling should be reasonable to allow frequency scheduling or interference coordination. This leads to smaller resource block sizes for smaller bandwidth. However for sake of simple implementation effort we suggest to use no more than two different basic resource block sizes. Further, thinking at the raw transport block sizes that channel coding has to match, it should simplify and reduce the number of channel coding schemes if the smaller size is obtained by puncturing the larger one.

We first describe the task of a channel multiplexing structure, possible reasonable solutions, consequences of a micro-sleep mode. Then we describe two solutions with different chunk size and come to the conclusions.

In [5] we have proposed interference coordination for the downlink which addresses the above requirements. 

and conclusions.

2. Tasks of channel multiplexing

A channel multiplexing concept has to work with multiple antennas, so 

· Frequency scheduling

· Interference coordination

· Beamforming and

· MIMO 

has to be possible. Further reception of broadcast or common control information by any UE, independent of location and speed and experienced SINR at the cell edge, has to be possible. In order to make seamless services, cell edge reception and improved cell edge bit rate possible, the channel estimation for the common control channel has to be possible also for SINR = -6 ...-7 dB. 

2.1. Interference coordination by scheduler, channel estimation, control information

Due to the requirement to work with unsynchronized base stations, the techniques of interference coordination and frequency scheduling demand for frequency resources that are constant over time such as combs or frequency blocks also called “chunks”. For interference coordination it is necessary in order to concentrate interference that resources in neighbouring cells can be selected identical.

If the bandwidth is wide enough, sufficient combs and chunks could be defined equal in all cells of a region (e.g. 60% combs and 40% chunks). Then always a different 1/3 or 1/7 of all resources, combs and chunks could be restricted in each cell. 

Due to the small bandwidth modes, e.g. in 1,25 MHz only 72-75 subcarriers are available, and due to the desirable feature of pilot self contained units another possibility seems more suitable and is proposed. As shown in Figure 1 the frequency axis is partitioned in Frequency blocks or “chunks”.

Then in each sector or cell certain combinations of frequency diverse positioned frequency blocks, as shown e.g. in Figure 1, are selected in order to impose restrictions of power and usage on all frequency blocks in these combinations which are shown in red color. These combinations are then different between cells or sectors to enable UEs to benefit from interference coordination i.e. improved SIR by use of these blocks at the border to the restricted cell. 
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Figure 1: Frequency diverse selected frequency blocks with imposed restrictions for interference coordination.

The allocation of the frequency diverse combination (or a subset) to the UE with the benefit of interference coordination is always possible due to the diverse assigned cell restrictions. 

If we look further at the partitioning of the frequency axis each combination should at least be somewhat frequency diverse and consist of two separated frequency blocks. Further in order to distribute the restrictions over different cells, the minimum is a repetition factor of 3 when distributing between neighboring cells. Therefore three different at least somewhat frequency diverse combinations should be available to make interference coordination feasible. Then frequency diversity for higher speed UEs is at least be given. Thus the minimum is that the frequency axis is partitioned in 6 frequency blocks to make interference coordination feasible. So in Figure 1 only the lower six blocks would fill the whole bandwidth.

The shown frequency blocks or chunks now also contain the pilot symbols. 

[image: image2.wmf]frequency

1

11

-1

-13

23

1

0

2

6

time

Pilotsymbols 

in 

Cell

 1

FB 2

FB 1

Antenna

group

 A

pilots

Antenna

group

 B

pilots

Control

channel

FB 3


Figure 2: Frequency blocks or chunks with pilot symbols and control data

For example as shown in Figure 2 the pilot symbols also named “first reference symbols” as described in the TR 25.814 [6] are placed in the OFDM symbol 1 in a TDM fashion.

The interference situation for pilots and data with multiple antenna are shown in Figure 3. 
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Figure 3: Multi-antenna reception and interference in cell overlapping region

Further there should be common control signalling next to the pilot to allow a so called micro-sleep mode. This is depicted in Figure 2 as dots in green and red in OFDM symbol 2. If one assumes different pilot sequences for different antenna groups of e.g. different sectors or different cells could have different scrambling sequences to randomize the pilot to pilot interference. 

If one wants to decode the common control channel for UEs also with SINR = -6 ... –7dB first the channel estimation still has to work in this reception condition. Power boosting of the pilots is not an option due to unsynchronized cells. Since there is no control over the time instance it could happen that the boosting from the neighbor cell occurs approximately at the same time which neutralizes the intended effect.

So if e.g. one antenna or antenna group consumes only half of the power 
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 available to the frequency block, the spreading factor of the pilot sequence must be at least SF=12 so that 
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 and the signal level for the de-spreaded pilot is still 6 times or 7.8dB above the interference level and a channel estimation for a geometry with 
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 is still possible. Secondly the common control channel itself need to be sufficiently protected e.g. also by a spreading factor of 6 which blows up the amount of resources that are needed for this channel.

So if one looks at the example of Figure 2 one sees that a frequency block or chunk size of 12 subcarriers i.e. 
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is used. This allows e.g. spreading sequences with SF=12 which allows 12 orthogonal spreading sequences for e.g. the 3x4 antennas of a 3 sectorized cell. 

If we look further to the control information depicted as red and green dots spread over the whole symbol of OFDM symbol 2 we have to consider the influence on interference coordination. The control information in TDM fashion is spread over the whole frequency spectrum. We have to make the observation that in time unsynchronized networks a situation as depicted in Figure 4 is very likely.
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Figure 4: Asynchronous  inter-cell interference of pilot and control channel shown as an overlay.

The OFDM pilot and control channel symbols from the two interfering cells are shown in their time relationship as an overlay picture. Then it becomes clear that e.g. if FB2 is restricted in power in cell 2 interference on this FB2 in cell 1 still comes from cell 2. This is because of the cell 2 pilot and control information that interfere in OFDM symbol 5 and 6 from cell 1. 

So from 5 possible OFDM symbols carrying data only 3 would experience an improved SIR achieved by interference coordination in such a configuration.

So we have to state the definition of control information in TDM fashion produces similar as the pilots uncontrollable interference that is in contrast to the interference coordination possibilities of a new OFDM air interface.
Therefore if a micro-sleep mode is unconditionally wanted for all UEs, it is proposed to have the control part split in a TDM part next to the first TDM pilot (or reference signal) and an FDM part that occupies subcarriers in OFDM symbols over the whole TTI. In the first part only the ID of the UEs being scheduled are contained and in the second part further resource information for these UEs is contained. This allows that only addressed UEs need to keep awake and the control information that is smeared over the frequency is kept to a minimum. The remaining dedicated pilot, dedicated signalling and dedicated data in one frequency block can then be restricted in power for interference coordination purposes.

3. Proposal

We start with the smallest bandwidth mode. If a simple calculation of control signalling in the lowest bandwidth mode of 1.25 MHz is done assuming maximally 16 active UEs with an ID that can be addressed by 4 bit, the address information would amount to 3x4=12bit. The minimum resource information denoting the allocated frequency blocks would then be 6 bit per UE or 3x6=18 bit in total, which is represented by 9 QPSK symbols. Remembering that the information has to be protected by a spreading factor of 6 in total 9x6=54 QPSK symbols are necessary. These can be placed in FDM fashion over 6 OFDM symbols and 9 subcarrier frequencies.

Remembering from other contributions to E-UTRA that the available number of subcarriers are maybe only 72 there would remain 72-9=63 subcarriers that could be distributed as a minimum to 6 frequency blocks to enable interference coordination.

Thus a frequency block size or chunk size of 10 is the resulting value. So it is save to assume that 12=2x6 subcarriers are sufficient for the FDM control channel information and 60 subcarriers are distributed in 6 frequency blocks of size 10. The proposed structure is shown in Figure 5. 
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Figure 5: Channel structure with FDM control channel for lowest bandwidth of 1.25 MHz assuming 72 useable subcarriers, chunksize is here 10 subcarriers.

This TDM-FDM structure shall now be the basis to develop the necessary sizes for all bandwidth modes.

The 10 subcarriers of one frequency block can contain an antenna group pilot with SF=10 and power 
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 and one QPSK symbol spread also with SF=10. This needs to be sufficient for reception in bad geometries. So there are then 6 QPSK symbols contained in OFDM symbol 1 available for signalling, which provides the desired 12 bit for ID addressing. The pilots for the green FDM blocks have SF=6 which should also be sufficient.

For the 2.5 MHz bandwidth mode this structure with a frequency block size of 10 can be kept and the three diverse combinations then consist of 4 distributed frequency blocks. The FDM control amounts to at least 2x12=24 subcarriers and the TDM control part can contain 12+2=14 QPSK symbols which should be sufficient for the approximately doubled number of UEs.

The 5 MHz bandwidth mode is now better suited for frequency block sizes that allow self containment with pilot sequences of SF=12. So the frequency block size of 12 subcarriers is now possible and proposed. The FDM control is doubled again and amounts to 48 =4x12 subcarriers. This leaves 300-48= 252 subcarriers that can be grouped in 21 frequency blocks of size 12.

These 21 blocks can now be grouped in 7 frequency diverse combinations of three blocks. So that this setting is very well suited for interference coordination. In the 25 frequency blocks in OFDM symbol 1, 25 QPSK symbols for TDM signalling with SF=12 can be packed. This allows 50 bit addressing and waking up of 7 to 8 UEs, of an active set of 64 that carry a 6 bit ID.

For the 10 MHz, 15 MHz and 20 MHz bandwidth cases this setting with a frequency block size of 12 can be scaled up allowing to address simultaneously 14-15 UEs at 10 MHz and 25-28 UEs at 20 MHz.

Thus in summary the frequency block or chunk sizes of 10 and 12 subcarriers are proposed depending on the bandwidth as developed from the requirements. So this is also proposed as solution for the TR. If the chunk size of 12 shall also be used for lower bandwidth modes the effective bandwidth of these modes would need to be increased, but it seems questionable if this is feasible and useful.

Maybe for the higher bandwidth of 10 MHz and above a grouping to a frequency block size of 2x12=24 can be considered. But it needs to be considered that small packet sizes should be also be available in wide bandwidth mode for signalling and VoIP. The question of addressing larger blocks and addressing techniques is a different question that can be addressed separately.

In general the strict definition of frequency block sizes seems somewhat premature, as long as the definition of control channel amount and performance in cell overlapping region is not clarified.

4. Conclusion

A resource block structure to work with Frequency scheduling, Interference Coordination and multiple-antenna techniques has been considered. In order to work with a TDM pilot also for bad channel conditions and common control channel in a micro-sleep mode and not degrade Interference Coordination too much a TDM plus FDM control channel has been proposed.

A numerology allowing interference coordination and without compromising the requirements of channel estimation has been developed from the requirements and been presented. It has a frequency block or chunk size of 10 subcarriers for the lower bandwidth and a frequency block size of 12 subcarriers for the bandwidth of 5 MHz and above. These sizes are therefore proposed for the TR. 
For the bandwidth of 5 MHz and above the structures are simply scaled up and a doubling of the frequency block size to 24 subcarriers at 10 MHz and above could also be considered.
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7. ------------------------------------------- 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 (10, 12) 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. Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
------------------------------------------- Finish Text Proposal -------------------------------------------
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