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1. Introduction
In the previous meetings, there were documents related to downlink resource allocation [1-20]. Some contributions considered the trade-off between gain from small chunk size and control signalling overhead and proposed to assume the chunk bandwidth for localized resource allocation as 300~900 kHz in case of 10MHz transmission bandwidth [1-5][13-14]. For distributed resource allocation, diversity gains in several possible options were compared in [6][18]. The throughputs of localized and distributed allocation in different channel environment were elaborated in [5][7]. Localized allocation provides higher throughput gain over distributed allocation in low speed channel environment, while distributed allocation provides higher throughput gain over localized allocation in high speed channel environment. This means that multiplexing of localized and distributed allocation in a sub-frame is considerable in order to allocate channel resource efficiently to each UEs in various channel environments. Lots of contributions provided possible multiplexing methods of distributed and localized allocation [8-11][15-20].

In [8], for distributed allocation, we introduced a chunk which consists of dispersed subcarriers (Chunk_DS) as well as a chunk which consists of consecutive subcarriers (Chunk_CS). Chunk_DS provides more frequency diversity gain over Chunk_CS. Especially, Chunk_DS provides good diversity gain when only one chunk is assigned to a UE while diversity gain with Chunk_CS degrades because it contains consecutive subcarriers only.

In this contribution, we provide simulation results to compare the link performances of Chunk_DS and Chunk_CS in case of distributed allocation. Also, we consider the constancy of a chunk size in TDM and FDM.
2. Chunk_DS or Chunk_CS for distributed resource allocation
We depicted Chunk_DS and Chunk_CS in figure 1 as a reminder. In case that multiple chunks are allocated to a UE, Chunk_CS can support distributed allocation as well as Chunk_DS. However, one Chunk_CS cannot provide the diversity gain and so Chunk_DS is more suitable for distributed allocation.
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Figure 1. Two possible chunk definitions for distributed resource allocation

To see the diversity gain from Chunk_DS against Chunk_CS, we simulated the case that one downlink chunk is allocated to a UE with Chunk_DS or Chunk_CS. The number of subcarriers is assumed as 20 or 40, which is equivalent to 300 or 600 kHz bandwidth in case of Chunk_CS. We obtained link level BLER performance results with the configuration in Table 7.1.1-1 in TR25.814 [12]. Table 1 describes detailed simulation parameters.

Table 1. Simulation parameters

	Parameters
	Value

	Transmission bandwidth (MHz)
	10

	Sub-frame duration (ms)
	0.5

	Modulation
	QPSK

	Channel coding
	Turbo code, R = 1/2, 1/3

	Number of channel coded bits
	240 bits (20 subcarriersｘ6 symbols),

480 bits (40 subcarriersｘ6 symbols)

	User traffic allocation
	Chunk_DS (a set of dispersed subcarriers),

Chunk_CS (a set of consecutive subcarriers)

	Channel model
	Vehicular A, 30 km/hr

	Pilot
	First OFDM symbol in the sub-frame

	Channel estimation
	Linear interpolation (Interpolation in the frequency domain interpolation ( Interpolation in the time domain)

	Average pilot  power overhead within the whole sub-frame
	About 8 % (per antenna)

	Number of antennas
	Tx 2, Rx 2 (STTD, MMSE receiver)
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Figure 2. Link level performance results for Chunk_DS and Chunk_CS

As shown in Figure 2, Chunk_DS shows about 2dB gain over Chunk_CS at 1% BLER point in all cases. From these results, we can conclude that a chunk which consists of dispersed subcarrier is needed for distributed allocation.

3. Multiplexing of distributed allocation and localized allocation

Localized allocation provides higher throughput gain over distributed allocation in low speed channel environment. On the other hand, distributed allocation provides higher throughput gain over localized allocation in high speed channel environment, and is more suitable for common control signal transmission. In order to utilize the merit of distributed and localized allocation at the same time from every UEs in a different channel environment, collocation of distributed allocation and localized allocation within a sub-frame should be considered. 
 As we discussed in the previous contribution [8], collocation of distributed allocation and localized allocation can be realized by TDM or FDM. For distributed allocation, a chunk consists of a set of scattered subcarriers, while localized allocation uses contiguous chunks which consist of consecutive subcarriers.

<TDM>

Figure 3 shows TDM of distributed and localized allocation within a sub-frame. There can be two types of frequency-time resource to chunk mapping, one is variable size chunk and the other is fixed size chunk.

Figure 3(a) depicts chunk map in which the sizes of a Chunk_CS and a Chunk_DS varies according to the number of OFDM symbols used for a Chunk_CS (or Chunk_DS) because the number of subcarriers per chunk is constant. In this case, frequency bands for CQI reporting may be matched to one or multiples of chunk bandwidth, which may make scheduler operation easier. However, if the number of OFDM symbols used for a chunk is small, the chunk size may not be enough to carry minimum size packet
On the other hand, Figure 3(b) depicts chunk map in which the size of a Chunk_CS (or Chunk_DS) is constant because the number of subcarriers increases as the number of OFDM symbols used for a Chunk_CS (or Chunk_DS) decreases. Due to the constant size of a chunk, the scheduling complexity can be reduced. But, there are some restrictions in chunk bandwidth and multiplexing.

In both cases, frequency hopping can be easily adapted to the Chunk_DS to get more diversity gain. Figure 3(c) illustrates general procedure for TDM.
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Figure 3. Multiplexing of distributed and localized resource allocation (TDM)
<FDM>

Figure 4 depicts FDM of distributed and localized allocation, in which the allocation is performed by two steps: First, Chunks_DSs are assigned for the distributed allocation, and then, localized allocation is performed using Chunk_CSs. In FDM, the size of a Chunk_DS is fixed, but the size of a Chunk_CS can be composed to be variable or fixed.
Variable size chunk map is shown in figure 4(a). Chunk_DSs are allocated to UEs as the first step. After this, within a defined range of subcarriers, the mapping of subcarriers to a Chunk_CS is determined not to use the subcarriers preoccupied by the allocated Chunk_DSs. Therefore, the size of a Chunk_CS is reduced as the amount of the preoccupied subcarriers within a defined range of subcarriers. This may cause scheduling complexity due to the increased AMC set and if Chunk_DSs are allocated too much, only one subcarrier may be left for a Chunk_CS. To avoid this situation the amount of Chunk_DS allocation should be restricted reasonably.
In figure 4(b), the size of Chunk_CS is fixed. After Chunk_DSs are allocated, the mapping of subcarriers to Chunk_CSs is determined to keep the number of subcarriers used for a Chunk_CS being constant. The consecutive subcarriers are assigned to a Chunk_CS until reaching a fixed number of subcarriers while skipping the subcarriers preoccupied by the Chunk_DSs. Due to the constant size of a Chunk_CS, the scheduling complexity can be reduced. However, frequency bands for CQI reporting may not be matched to one or multiples of chunk bandwidth in localized allocation, which may make scheduler operation complex.
In both cases, frequency hopping can be adapted to the Chunk_DS to get more diversity gain. However subcarriers to chunk mapping will be complicated. Figure 3(c) illustrates general procedure for FDM.
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Figure 4. Multiplexing of distributed and localized resource allocation (FDM)

4. Conclusion

We summarize our views from the above discussion as follows:

· For distributed resource allocation, a chunk consists of a set of scattered subcarriers, while localized resource allocation uses contiguous chunks which consist of consecutive subcarriers.

· Multiplexing of distributed resource allocation and localized resource allocation in a sub-frame is needed to allocate channel resource efficiently to each UEs in various channel environments.

· In this phase, both TDM and FDM of distributed allocation and localized allocation should be investigated considering the flexibility and complexity of scheduling

References
[1] R1-051041, “Downlink chunk bandwidth for frequency selective scheduling,” Samsung

[2] R1-051064, “Resource block bandwidth for OFDMA-based EUTRA downlink in localized mode,” Panasonic

[3] R1-051091, “On the DL frequency resource block dimensioning,” Nokia

[4] R1-051095, “Frequency bandwidth of resource blocks for DL OFDMA,” Siemens

[5] R1-051061, “Throughput Evaluations in EUTRA OFDMA Downlink,” Texas Instruments
[6] R1-051043, “Downlink time-frequency diversity transmission,” Samsung

[7] R1-051042, “System level performance comparison between frequency-scheduled and time-frequency diversity transmission,” Samsung

[8] R1-051049, “Downlink resource allocation for EUTRA,” LG Electronics

[9] R1-051159, “Proposal for DL sub-channelisation for E-UTRA,” Nortel

[10] R1-051192, “EUTRA downlink multiplexing of localized and distributed channels,” Huawei

[11] R1-051220, “Downlink Multiplexing for EUTRA,” Samsung

[12] 3GPP TR25.814, Physical Layer Aspects for Evolved UTRA
[13] R1-051328, “Text Proposal for Downlink Resource Block for EUTRA,” Motorola, NTT DoCoMo, Siemens, Nokia
[14] R1-051350, “Text proposal on downlink resource block size for localized transmission,” Samsung, Texas Instruments
[15] R1-051324, “Downlink OFDM resource allocation structure for E-UTRA,” Alcatel
[16] R1-051348, “Downlink resource allocation and multiplexing,” Samsung
[17] R1-051359, “E-URTA Resource Allocation Design for Downlink,” ZTE
[18] R1-051418, “Distributed resource allocation for OFDMA,” Siemens
[19] R1-051433, “Downlink multiplexing for traffic channels,” Huawei
[20] R1-051517, “Multiplexing Distributed and Localized allocations,” Motorola

































































































































_1198492556.vsd
R=1/2


R=1/3



_1198931278.vsd
Time


<Node B>
- Decision on the combination of Chunk_DS and Chunk_CS
- Construction of map of Chunk_DS and Chunk_CS to subcarriers
- Allocation of Chunk_DS and Chunk_CS to UEs


<UE with Chunk_DS>
- Combination of Chunk_DS and Chunk_CS
- Construction of map of Chunk_DS
- Processing on allocated Chunk_DSs


<UE with Chunk_CS>
- Combination of Chunk_DS and Chunk_CS
- Construction of map of Chunk_CS
- Processing on allocated Chunk_CSs


Dedicate Signaling
- Allocation indicator (D)
- Chunk_DS index


Common Signaling
- Combination Chunk_DS and Chunk_CS


Dedicate Signaling
- Allocation indicator (L)
- Chunk_CS index


(a) variable size chunk map


(b) fixed size chunk map


(c) general procedure


Time


Frequency


Chunk_CS2


Chunk_CS1


Chunk_CS3


Chunk_CS4


Chunk_CS5


Chunk_CS6


Chunk_DS2


Chunk_DS1


Chunk_DS3


Chunk_DS4


Chunk_DS5


Chunk_DS6


Subframe


Symbol


8x6=48 data symbols/chunk


8x4=32


8x2=16


Frequency


Chunk_CS2


Chunk_CS1


Chunk_CS3


Chunk_CS4


Chunk_CS5


Chunk_CS6


Chunk_DS2


Chunk_DS1


Chunk_DS3


Chunk_DS4


Chunk_DS5


Chunk_DS6


Subframe


Symbol


8x6=48 data symbols/chunk


12x4=48


24x2=48



_1198931382.vsd
<Node B>
- Allocation of Chunk_DS to UEs
- Construction of map of Chunk_CS to subcarriers, considering subcarriers preoccupied by Chunk_DS 
- Allocation of Chunk_CS to UEs


(a) variable size chunk map


(b) fixed size chunk map


(c) general procedure 


<UE with Chunk_DS>
- Processing on allocated Chunk_DSs


(8-8+8)x6=48


Dedicate Signaling
- Allocation indicator (D)
- Chunk_DS index


Common Signaling
- Total # of Chunk_DS


Dedicate Signaling
- Allocation indicator (L)
- Chunk_CS index


<UE with Chunk_CS>
- Construction of map of Chunk_CS considering subcarriers preoccupied by Chunk_DS
- Processing on allocated Chunk_CSs


Subframe


Symbol


Time


Frequency


Chunk_CS1


Chunk_CS2


Chunk_CS3


Chunk_CS4


(8-3+3)x6=48 data symbols/chunk


(8-3)x6=30


(8-4+4)x6=48


Subframe


Symbol


Time


Frequency


Chunk_CS1


Chunk_CS2


Chunk_CS3


Chunk_CS4


Chunk_CS2


Chunk_CS1


Chunk_CS3


Chunk_CS4


Chunk_CS5


Chunk_CS6


Chunk_DS2


Chunk_DS1


Chunk_DS3


Chunk_DS4


Chunk_DS5


Chunk_DS6


(8-2)x6=36 data symbols/chunk


Chunk_CS5


Chunk_CS6


Chunk_CS2


Chunk_CS1


Chunk_CS3


Chunk_CS4


Chunk_CS5


Chunk_CS6


Chunk_DS2


Chunk_DS1


Chunk_DS3


Chunk_DS4


Chunk_DS5


Chunk_DS6


Chunk_CS1


Chunk_CS2


Chunk_CS3


(8-6+6)x6=48


(8-4)x6=24


(8-3)x6=30



_1198495637.vsd
R=1/2


R=1/3



_1192293478.vsd
(b) Chunk consists of consecutive subcarriers (Chunk_CS)


Nc-point
IFFT


Chunk_CS 1


zero padding


Chunk_CS 4


Chunk_CS 9


Chunk_CS 15


zero padding


zero padding


Chunk_CS 3


Chunk_CS 2


UE1


UE3


UE2


(a) Chunk consist of dispersed subcarriers
(Chunk_DS)


Nc-point
IFFT


Chunk_DS 4


Chunk_DS 9


Chunk_DS 15


UE1


UE3


UE2


Chunk_DS 1



