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1. Introduction

For the E-UTRA air interface, there is a need to define a time and frequency structure, similarly to the (sub)frame structure in WCDMA. For an OFDM-based downlink, the smallest time/frequency unit possible to allocate to a user for data transmission is sometimes referred to as a ‘chunk’, illustrated in Figure 1. A chunk consists of multiple sub-carriers, occupying a total bandwidth of BWchunk = Nchunk((f, and has a duration in time of Tchunk. The Node B scheduler uses one or several chunks for transmitting data to a specific user during Tchunk, in the same way as one or several codes are used during a sub-frame for data transmission in HSDPA.

This paper discusses some aspects on the selection of BWchunk and Tchunk, i.e., the granularity of the resource assignment in frequency and time domain.
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Figure 1: Chunks in an OFDM-based downlink.

2. Granularity in Frequency Domain

According to [1], the air interface for long-term evolution shall allow for operation in differently sized spectrum allocations, ranging from 1.25 MHz up to 20 MHz. These numbers affect the design of filters, etc in the Node B and the UE. However, the transmitted signal can still occupy a smaller bandwidth, e.g., by only using some of the sub-carrier for transmission to a UE. The chunk bandwidth therefore defines the smallest bandwidth the transmitted signal may have, i.e., the bandwidth granularity.

The frequency-domain granularity (BWchunk) should be small enough to allow for efficient frequency-domain adaptation and to support a reasonable minimum payload and a value of around 200 kHz is a reasonable choice. This value also allows for a very smooth migration of Evolved UTRA into 2G spectrum currently used for e.g. GSM. Evolved UTRA can be co-sited with existing GSM base stations and migration of the GSM spectrum can in essence be done one 200 kHz carrier at a time.

The minimum chunk size defines the smallest payload. With BWchunk(200 kHz and Tchunk(0.5 ms (for a discussion on the granularity in time domain, see section 3), QPSK modulation and channel coding rate of 0.7, the smallest payload is in the order of 320 bits (40 bytes). This is a reasonable minimum payload, matching the current RLC PDU size of 320 bits and matching the size of a TCP ACK. With a significantly larger chunk bandwidth, means for multiplexing multiple users in a chunk needs to be defined.

Note that multiple chunks can be used for transmission of larger packets, i.e., the chunk bandwidth only defines the granularity in frequency domain for the scheduling decisions. Furthermore, it is also important to realize that the e.g. CQI reporting does not have to be defined per chunk. On the contrary, as CQI reporting per chunk may lead to an excessive amount of signaling, it may be desirable to reflect the frequency response in the CQI reports in a more efficient way. One possibility is to do CQI reporting per set of chunks. This is a separate discussion and not related to the selection of chunk bandwidth.

3. Granularity in Time Domain

Similarly to the frequency domain, there is a need to define the granularity in the time domain, i.e., the shortest period of time that can be allocated for transmission to a UE. One of the requirements on the long-term evolution [1] is to enable a RAN RTT <10 ms. This requires the possibility to do coding and transmission in a time interval less than the 2 ms used for HSDPA and enhanced uplink, and consequently a small value for Tchunk is required. Strong candidates for Tchunk are 0.5 ms, 0.625 ms, or 0.667 ms of which one should be selected depending on the selection of sub-carrier spacing and sampling rate.

Note that a small Tchunk does not preclude the possibility for coding over longer time intervals, which can be useful, e.g., for large payloads in small bandwidths. One possibility is to concatenate multiple chunks in the time domain, e.g., under control of the scheduler. Another possibility is to define multiple semi-static TTI values and rely on higher layer signaling. 

4. Conclusion

It is recommended that the smallest resource allocation (‘chunk’), both in downlink and uplink, is defined by

· BWchunk(200 kHz (to allow for graceful migration of 2G spectrum)

· Tchunk one of 0.5 ms, 0.625 ms, 0.667 ms (to fulfill the RAN RTT requirement)
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