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1 Introduction

Two transmission types, localized and distributed transmissions, are assumed to be supported in the OFDMA-based downlink of EUTRA in the current RAN1 TR related to the Study Item Evolved UTRA and UTRAN [1], where contiguous sub-carriers are used for localized transmission while scattered sub-carriers are used for distributed transmission. The localized transmission makes frequency selective scheduling possible, which would be one of the key technologies to meet the performance requirements of EUTRA [2].
For this localized transmission, there is a need to define the chunk bandwidth (sometimes referred to as ‘sub-band bandwidth’) which consists of multiple contiguous sub-carriers and is defined as the smallest frequency unit for the resource allocation of the localized transmission. A number of contributions have been submitted on how much chunk bandwidth is desirable ([3] – [8]), where the downlink throughput gain from frequency selective scheduling, the smallest payload size, downlink control signaling overhead, uplink CQI feedback overhead, and scalable bandwidth support were discussed. 
In this contribution, we put together discussions from [3] – [8] and come to a compromise on the downlink chunk bandwidth. Therefore a text proposal is added to this document.
2 Discussions on chunk bandwidth ([3] - [8])
Table 1 summarizes the discussions and recommendations on the downlink chunk bandwidth from eight companies ([3] – [8]). Wide range of the chunk bandwidth from 200 kHz to 900 kHz were recommended based on the discussions on the downlink throughput gain from frequency selective scheduling, the smallest payload size, downlink control signaling overhead, uplink CQI feedback overhead, and scalable bandwidth support.
Table 1. Recommendations on the optimal chunk bandwidth from companies
	Sources
	Recommendations on the chunk bandwidth
	Discussions

	Ericsson [3]
	200 kHz
	The smallest payload size and a graceful migration of 2G spectrum were discussed.

	Motorola [4]
	450 kHz
	It was recommended to choose a size close to 450 kHz to take advantage of frequency selective scheduling while at the same time optimizing the feedback requirement.

	NTT DoCoMo, NEC, SHARP [5]
	900 kHz
	Considering the control signaling overheads, the optimum chunk bandwidth related to CQI feedback is approximately 900 kHz. The further narrow transmission bandwidth assignment is necessary for low data-rate transmission.

	Samsung [6]
	600 kHz
	The smallest payload size, CQI feedback overhead, and simulation results on frequency selective scheduling gain were discussed. To support small size packet, TDM within a sub-frame was recommended. 

	Siemens [7]
	225 kHz
	Scalable BW, coherence BW of the channel, and number of bits/symbols within the smallest resource unit were discussed.

	Texan Instruments [8]
	600 kHz ~ 900 kHz
	Throughput gain from frequency scheduling according to different UE speeds, the cell sizes, and the number of frequency chunks were evaluated. A good tradeoff between the number of chunks and the throughput gains from frequency scheduling is to have 5 chunks for 5 MHz bandwidth and 10-15 chunks for 10 MHz bandwidth.


2.1 Throughput gain from the frequency selective scheduling and overheads

Downlink multi-user diversity gains by using frequency domain channel-dependent scheduling should be one of the most important aspects to be considered on the chunk bandwidth. It is clear that as the number of frequency chunks increases (the chunk bandwidth decreases) the multi-user diversity gain also increases at the expense of increase in the control signaling overheads, e.g., CQI feedback. 
A lot of simulation results were provided on the multi-user diversity gain from the frequency selective scheduling by four companies ([4], [5], [6], and [8]). The throughput gains largely depend on the chunk bandwidth, UE speed, frequency selectivity of the channel, the system load (the number of users per sector), and the number of receive antennas at the UE. According to simulation results from many companies, the optimal chink bandwidth is approximately 450 to 600 kHz from the viewpoint of multi-user diversity gain in frequency domain ([4], [5], [6], and [8]). However, considering the overhead loss by the control signaling bits for scheduling, AMC and hybrid ARQ together, the optimum chunk bandwidth is approximately 900 kHz ([5]).
2.2 The smallest payload size

The smallest payload size could be another aspect that should be considered on the chink bandwidth and it was discussed in a few contributions ([3], [6], and [7]). The smallest payload size could be defined in consideration of the RLC PDU size, the size of a TCP ACK, or a VoIP packet, etc., and it would be approximately 210 to 320 bits ([3] and [7]). According to discussions in [3], [6], and [7], the smallest payload size can be taken into account in two different ways to determine the chunk bandwidth as follows:

Approach 1:
In this approach, it is assumed that the resource allocation unit in time domain is a sub-frame, i.e., 0.5 ms, the chunk bandwidth should be therefore in line with the smallest payload size, resulting in the chunk bandwidth of 200 kHz ([3]) or 225 kHz ([7]). This approach may increase CQI feedback requirement due to relatively small chunk bandwidth, e.g., 200 kHz, and put undue burden on the uplink capacity. Consequently, means for reducing CQI feedback overheads needs to be investigated. In [3], a possible way of CQI reporting per set of chunks was introduced.
Approach 2: 
In this approach, the chunk bandwidth is determined not based on the smallest payload size but based on the throughput maximization and minimum feedback requirement, which lead to a relatively large value of the chunk bandwidth, e.g, 600 kHz. Then, small packets such as VoIP packets are multiplexed in a chunk bandwidth, i.e., the chunk bandwidth only defines the granularity in frequency domain for the CQI feedback and scheduling decisions. TDMA in a chunk bandwidth would be a simple way ([6]) to multiplex the small packets without any performance degradation. Note that further investigation on the CQI feedback reduction is a separate issue. The granularity in time domain of 2 or 3 OFDM symbols for TDM in a chunk bandwidth seems to be a good selection since 2 or 3 OFDM symbols with 600 kHz bandwidth corresponds to 160 or 240 bits in a resource block (600 kHz ( 2 or 3 OFDM symbols) with QPSK, 320 or 480 bits in a resource block with 16 QAM. 
Based on the above discussions, ‘Approach 2’ seems more attractive one. 
3 Conclusion

In this contribution, we discussed the optimal chunk bandwidth for the OFDMA-based EUTRA downlink. Discussions and simulation results presented by eight companies ([3] – [8]) on this topic were overviewed and discussed.
According to simulation results from companies, the optimal chink bandwidth is approximately 450 to 600 kHz from the viewpoint of multi-user diversity gain in frequency domain ([4], [5], [6], and [8]). However, considering the overhead loss by the control signaling bits for scheduling, AMC and hybrid ARQ together, the optimum chunk bandwidth is approximately 900 kHz ([5]).
Two approaches were discussed in terms of the relationship between the smallest payload size and the chunk bandwidth. The recommended approach is that the chunk bandwidth is determined based on the throughput maximization and minimum feedback requirement and small payloads such as VoIP packets are multiplexed in a chunk bandwidth if the chunk bandwidth has a relatively large value compared to the smallest payload size, since this approach requires relatively less CQI feedback requirement without performance degradation.
We propose to adopt the text proposal described in the next section for inclusion of the above mentioned principles into the downlink multiplexing section of TR 25.814.
4 Text Proposal (Section 7.1.1.2.1 in TR 25.814) 
-------------------------------------------------------------- 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. To satisfy this requirement, N should be 2 or 3, and M should be set to achieve about 600kHz resource block bandwidth.
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.
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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