3GPP TSG RAN WG1 #51                                                                   R1-074691
Jeju, Korea, November 5 - 9, 2007

Source: 

Texas Instruments
Title:
PRACH Cyclic Prefixes Adjustment 
Agenda Item:

6.2.7
Document for:

Discussion, decision
1. Introduction
In [1], four Random Access (RA) burst formats are defined. Each format is defined by the durations of both the preamble and its cyclic prefix (CP). Table 1, extracted from [1], provides these parameters. For frame structure type 2 (FS2) no cyclic prefix is foreseen, therefore we will only focus on the frame structure type 1 (FS1).
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Table 1: Random access burst parameters.
For FS1, the various burst formats address the following requirements:
· Format 0: baseline 1ms RA burst with 800µs preamble, for small-medium cells (up to ~14 km).
· Format 1: 2ms RA burst with 800 µs preamble, for large cells (up to ~77 km) without link budget issue
· Format 2: 2ms RA burst with 1600 µs preamble, for medium cells (up to ~28 km) supporting low data rates

· Format 3: 3ms RA burst with 1600 µs preamble, for very large cells (up to ~100 km)

Two different rules were used to design the CP depending on the format:

· Format 0&2: the cyclic prefix is dimensioned to maximize the coverage, given a maximum delay spread d: TCP = (1ms – 800µs)/2 + d, with d ≈ 5.2 µs and 16.67 µs for format 0 and 2 respectively.
· Format 1&3: the cyclic prefix is dimensioned to address the maximum cell range in LTE, 100 km, with a maximum delay spread of d ≈ 16.67 µs
The CP durations are captured in the specification in integer number of the smaller system sampling period defined for LTE: TS = 1/30.72 µs. In this contribution, we propose, without changing the above design rules, some minor adjustments on these TCP values in order to facilitate the CP implementation.
2. Cyclic Prefix insertion: implementation options
In this Section, we outline two possible design choices for CP insertion at the UE: at the system sampling rate or at a lower sampling rate.

2.1. Cyclic Prefix insertion at system sampling rate

Cyclic Prefix insertion is implemented at the system sampling rate when e.g. the PRACH burst is generated by means of a large IDFT as illustrated in Figure 1. For all possible system sampling rates, the CP duration should correspond to an integer number of samples, in order to avoid any interpolation block or any other mechanism to cope with non-integer number of samples. In RAN WG4, six system bandwidths were defined as listed in Table 2. They are all multiple of the smaller system sampling rate, 1.92 Msps = 30.72 / 16 Msps. Given the CP durations are captured in the specification in integer multiple NCP of TS = 1/30.72 µs, it results that the minimum requirement for NCP is that NCP should be divisible by 16. This is already the case for the CP durations of burst formats 0&1, but it is not the case of the CP durations of burst formats 1&3, which should be updated accordingly.
It should be noted that, even though the UE implementation may be different, this rule holds true for the eNB PRACH receiver, where the CP removal at system sampling rate is a relevant design option.
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Table 2: LTE System sampling rates
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Figure 1: CP insertion at system sampling rate
2.2. Cyclic Prefix insertion at lower sampling rate

Another option for building the preamble was mentioned in [2], and consists in using a smaller IDFT and to up-sample to the system bandwidth and frequency-convert to the required centre frequency in time domain (hybrid frequency/time domain generation). Given the preamble sequence length is 839, the first IFFT size that can be used is 1024, resulting in a sampling frequency fIFFT  = 1.28 Msps. Applying the same reasoning as in Section 2.1 yields the requirement that NCP should be divisible by 24 to let CP duration be an integer number of fIFFT samples. Note that higher IFFT sizes are possible, e.g. 1536, which results in 1.92 Msps and therefore is already covered by Section 2.1.
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Figure 2: CP insertion at (small) IDFT sampling rate
3. Cyclic Prefix design

It results, from the previous Sections, that in order to allow designers choosing among various CP implementation options while avoiding the need for any interpolation block or any other mechanism to cope with CP durations defined as non-integer number of samples, NCP should be divisible by both 16 and 24, i.e. NCP should be divisible by 48. 

Table 3 provides the delay spread and cell radius ranges associated to the current PRACH CP values. Table 4 gives the new proposed values. As can be observed, the associated delay spread and cell radius ranges remain very similar so that the CP dimensioning rules described in Section 1 are retained.
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Table 3: Current PRACH CP values
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Table 4: New PRACH CP values
4. Conclusion

In this contribution, we proposed to slightly modify the PRACH CP durations in order to simplify the UE design, as well as the eNB PRACH receiver. We showed that having NCP divisible by 48 allow designers choosing among various CP implementation options while avoiding the need for any interpolation block or any other mechanism to cope with CP durations defined as non-integer number of samples. As a result, it is proposed to replace Table 5.7.1-1 in [1] with the following Table:
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Table 5: Random access burst parameters.
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