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1. Introduction

In the last RAN1 Seoul meeting, the frequency offset (FO) of RACH preamble was issued by [1,2]. When FO is very large, the RACH detection performance would be poor. The extreme case of FO occurs when the UE has LOS to Node-B and is moving very fast. In this case, the FO will be so large to exceed the preamble frequency resolution. In this contribution, we consider the RACH design to mitigate the frequency offset effects. 
2. Frequency Offset Effects
Frequency offsets affects on the detector performance, particularly the frequency domain detector. For the time domain detector, the frequency offset showed a limited detection performance degradation at higer false alarm rate [1]. However, for the frequency domain detector, we noticed that the ZCZ sequence becomes indistinguishable when frequency offset approaches to 625Hz for 1ms RACH and 0.8ms preamble length. Although the oscillator accuracy can be strictly tuned to the target carrier frequency, the Doppler frequency effect can incur significant performance degradation to frequency domain detector. On the other hand, the detection complexity of frequency domain detector is significantly lower than the time domain detector, which can overload Node-B for RACH detection. Therefore, to reduce the RACH detection complexity, frequency-domain detector is preferable but its vulnerability to the frequency offset should be cured. 
3. RACH Design Considering Frequency Offset

For RACH design, it was discussed about using 0.5ms RACH length if frequency offset is serious. In fact, the performance degradation is nicely aligned with the supportable UE speed, i.e. up to 500km/h if we use 0.5ms RACH. However, with this sequence, the sequence reuse becomes too small for large cell-size and performance with 1.0ms RACH and repeated preamble is much better. Therefore, we have to consider the 1.0ms RACH. In the following, we compare performances of 0.5ms RACH and 1.0ms RACHs.
3.1. 0.5ms RACH

If 0.5ms RACH is used, then the preamble length becomes 0.4ms and CP length = Guard Time = 50us. With the 0.4ms RACH preamble length, the half of subcarrier space is 1250Hz which corresponds to the about 500km/h UE speed assuming 0.05ppm Node-B OSC drift and 0.1ppm UE OSC drift. Since the maximum degradation occurs at the frequency offset of half subcarrier spacing, we can assume that the RACH detectors will show  sufficient performance for entire supported UE speeds. 

[image: image1.emf]


Figure 1. RACH structure without repetition

However, if the OSC accuracy becomes worse (cheaper OSC), then the FO effect will be significant while the active compensation scheme is not available for multiple RACH access cases.

Figure 2 shows the detection performance and false alarm of 0.5ms RACH with 0.4ms preamble. We can see that the detection performance is degraded for high speed UEs with some indices of middle range. Although this detection performance is not degraded significantly, we should note that the false alarm rate is so high that Node-B can waste its processing time and resource.  Figure 2b shows the result for 300Hz drift frequency offset, where we can see that the performance difference is not large compared with Figure 2a.
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Figure 2a. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=0Hz, Ep/No = 18dB and TU-channel, 0.5ms RACH (0.4ms preamble)
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Figure 2b. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=300Hz, Ep/No = 18dB and TU-channel, 0.5ms RACH (0.4ms preamble)

3.2. 1.0ms RACH

Following Figure 3 shows the detection performance and false alarm rate for 1.0ms RACH with 0.8ms preamble. The detection performance is significantly degraded and the false alarm rate increases also enormously. Because of the false alarm rate, repeated preamble maybe useful for high speed UEs. We note that there exist some CAZAC indices with which false alarm rate is not degraded significantly.
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Figure 3a. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=0Hz, Ep/No = 18dB and TU-channel, 1.0ms RACH (0.8ms preamble)
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Figure 3b. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=300Hz, Ep/No = 18dB and TU-channel, 1.0ms RACH (0.8ms preamble)
3.2.1. Preamble Repetition
As the current working assumption, detection performance of 1.0ms RACH can be seriously degraded according to the detector scheme. However, as shown in Figure x and x, the detection performance is fairly good with 0.4ms preamble length, we can consider to use 0.4ms preamble length in 1.0ms RACH. Instead of long one sequence, a repetition pattern can be implemented to support the frequency offset mitigation. 

Figure 4 shows the basic RACH structure with repeated preamble within RACH allocation. The RACH length 
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 can be 1.0ms(or 2.0ms for large cell). Considering sequence reuse factor it should be at least 1.0ms or larger. With this structure, the frequency domain detector can be more robust for the FO or correct the FO with the repeated structure.
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Figure 4. Basic RACH structure with repeated preamble

Note that we can endow the additional robustness for frequency domain detector if the preamble is repeated more times (Figure 5 shows the three times repetition). 
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Figure 5. RACH structure with three times preamble repetition

If we have to achieve larger reuse factor or deploy large cells, the RACH length 
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can be set to larger than 1 TTI (e.g., 2 TTI = 2.0ms, in this case, 
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Figure 6 depicts the performance of 1.0ms RACH with 0.4ms preamble and 2 times repetition. Here we can see the difference with Figure 1 and 2. First of all, the false alarm rate is maintained within acceptable range while the detection probability is not significantly changed. However, we can see the difference in the detection performance between Figure 6 and Figure 3. In Figure 6, we see that the detection performance shows uniform pattern, that is, the detection performance decreases according to UE speed, where in Figure 2 and 3 there exist some CAZAC indices the detection performance does not change according to UE speed. Overall, we note that the detection performance and false alarm is acceptable with 2 times repetition in 1ms RACH.
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Figure 6a. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=0Hz, Ep/No = 18dB and TU-channel, 1.0ms RACH (0.4ms preamble, repetition=2)
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Figure 6b. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=300Hz, Ep/No = 18dB and TU-channel, 1.0ms RACH (0.4ms preamble, repetition=2)
Assuming 2.0ms RACH length and 3 times preamble repetition, the RACH performance is included in Figure 7. The difference compared to Figure 7 (1.0ms length and 2 times repetition) is that the false alarm rate does not change any more because of large subcarrier separation.
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Figure 7a. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=0Hz, Ep/No = 18dB and TU-channel, 2.0ms RACH (0.4ms preamble, repetition=3)
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Figure 7b. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=300Hz, Ep/No = 18dB and TU-channel, 2.0ms RACH (0.4ms preamble, repetition=3)

3.2.2. Possibility of Using One Long Sequence
The major problem with Chu-sequence is that the combination of different ZCZ sequences becomes just a complex exponential wave, which is not distinguishable with frequency offset sometimes. If preamble repetition is used as mentioned above, we have a mechanism to mitigate the frequency offset. In the following, we consider a way to mitigate the frequency offset without repetition and a way to avoid the frequency offset problem without reducing sequence reuse factor.
· Sequence allocation for high speed UEs

From Figure 2 and 3, we can see that some CAZAC indices are robust to the frequency offset and the others are not. Based on this we can consider that each cell shall have some indices, with which a high speed UE can safely transmit its RACH preamble. However, we should note that if this approach is adopted, the cell-planning will be required at the real system deployment. Instead, the sequence reuse factor can be degraded to support high speed UEs. For example we can consider that high speed UEs does not use any ZCZ because the main problem of frequency offset comes from the ZCZ of the same root sequence. By eliminating the ZCZ requirement for high speed UE, we don’t need to use preamble repetition for 1ms RACH. However, not to decrease the sequence reuse factor significantly, we may imagine that some CAZAC indices use ZCZ sequences and some does not. And if UE estimates its speed, it can choose proper CAZAC index for RACH preamble. 
· With ZCZ usage for high speed UEs: reserve some CAZAC indices(which show little performance degradation due to frequency offset) for high speed UEs. Low speed UEs can choose anything.

· Without ZCZ usage for high speed UEs: every CAZAC indices can be used for high speed UEs. To maximize the sequence reuse factor, we can imagine some CAZAC indices use ZCZ sequence and the others do not. High speed UEs choose the CAZAC index which does not adopt ZCZ sequence and low speed UEs can choose anything.

· Different RACH allocation for high speed UEs

The mobility support of 25.913 says that “Optimized performance up to 15km/h”, “high performance up to 120km/h”, “connection maintenance up to 350km/h or 500km/h”. Therefore, we should provide a way to support the high speed UEs, but optimization is not needed for high speed UEs. One solution is that high speed UEs use a special RACH slot of length 0.5ms or 1.0ms with long RACH period, while low speed UEs use 1.0ms RACH with short RACH period. This situation is suggested in Figure 8. 
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Figure 8. RACH Type 1 is for low speed UEs and RACH Type 2 is for high speed UEs

In Figure 8, we showed two RACH types. Type 1 is for low speed UEs and Type 2 is for high speed UEs. The multiplexing of RACH Type 1 and Type 2 can be made in time domain or frequency domain if multiple RACHs are to be defined per frame. Note that low speed UEs can also use Type 2 RACH and this kind of approach is also defined in [2], for segmented access among UEs with different RACH access conditions. In addition, the RACH Type 2 may have the same length with RACH type 1, but it should have preamble repetition to support frequency offset compensation. 
Table 1. RACH structure for Figure 8 (Different RACH allocations)

	Type
	Parameters
	Structure

	RACH Type 1
RACH Type 2
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	Figure 1 (RPF=1)
Figure 4 (RPF=2)
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	Figure 4 (RPF=2)
Figure 5 (RPF=3)
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	Figure 1 (RPF=1)
Figure 5 (RPF=3)


* RACH design for Large cell cases
According to the high speed UEs latency requirement, we can adjust the RACH type 2 period, while RACH type 1 and RACH type 2 should satisfy the access latency of low speed UEs.

4. Summary
According to the SINR degradation and detection performance, we can summarize the frequency offset problem as following: 

· Detection performance without repetition: If time-domain detector is used, the detection performance can be maintained. If frequency domain detector is used, the detection performance cannot be maintained for high speed UEs. 
· False alarm performance without repeptition: Both time-domain detector and frequency domain detector cannot guarantee the false alarm rate under some threshold for high speed UEs. 

· Maximum degradation occurs at 1/(2Tp)=625Hz for 0.8ms preamble and 1250Hz for 0.4ms preamble.
· To support frequency offset mitigation of RACH preamble at Node-B, RACH preamble repetition is a good candidate. Preamble repetition facilitates the detection procedure for both time-domain detector and frequency-domain detector.
· For the basic RACH design, if we use repetition for RACH preamble, the sequence reuse factor will be reduced by factor 4, which can be serious problem for large cell deployment. We have to consider how to maintain the sequence reuse factor.

5. Conclusion

In this contribution, the effect of frequency offset is analysed and simulated for various RACH design scenarios. As described in the analysis and simulation, if we use preamble repetition, the frequency offset problem can be mitigated, but the sequence reuse factor is sacrificed. However, to ease the detection procedure, RACH preamble repetition can be a good choice.
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