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1. Introduction

In RAN1#51, PRACH frequency hopping was discussed and the possible PRACH slot location in frequency domain was agreed as next to PUCCH region [1] . However, PRACH frequency hopping period and hopping pattern were not agreed up on.

In this paper, we discuss PRACH frequency hopping period, pattern of the PRACH slot and modification of the PRACH slot configuration.
2. Discussion
2.1. Frequency hopping period
The followings are two alternatives of PRACH hopping period narrowed down in RAN1#51[1] . 
· 10ms frequency hoping period: frequency hopping pattern is repeated every 10ms. 

· 40ms frequency hopping period: frequency hopping pattern is repeated every 40ms. 

With taking into account the discussion in Jeju and a related liaison statement from RAN4 [3] and a liaison statement response to RAN2 [4] , we need to consider two criteria as follows;
a. Whether additional frame boundary detection scheme is necessary for PRACH frequency hopping pattern synchronization
It was suggested in [3] to avoid P-BCH reading for the purposes of measurement report evaluation and cell reselection criteria evaluation. Meanwhile, if P-BCH reception is required to obtain SFN information just before PRACH preamble transmission for handover the latency of handover procedure spends much time and may not meet the handover latency requirement. Therefore, another frame boundary detection scheme like as S-SCH modulation [5] or DL RS scrambling [7] for SFN synchronization is required. However, additional frame boundary detection scheme would increase complexity.

b. Whether or not to obtain frequency hopping gain efficiently
Frequency hopping of every PRACH preamble transmission improves PRACH preamble acquisition compares to no frequency hopping case thanks to frequency diversity gain. Therefore, frequency hopping of every PRACH preamble transmission should work properly.
a. Frame boundary detection

In case of 10ms hopping period, since 10ms frame boundary can be detected by P-SCH and S-SCH, the knowledge of SFN of the target cell before PRACH preamble transmission is not required. That is, P-BCH reading or another additional frame boundary detection scheme is not necessary. As a consequence, the handover latency and additional complexity for frame boundary detection are minimized.

In case of 40ms hopping period, an extra frame boundary detection to find 40ms frame boundary is required in order to synchronize frequency hopping pattern. Therefore, handover latency and complexity during handover procedure are increased.

On the other hand, as the current agreement on PRACH slot configuration in [2] , 20ms interval of PRACH slot configuration is included. As described in [4] ,an additional frame boundary detection scheme to find 20ms frame boundary is necessary in order to synchronize PRACH slot allocation in case of 20ms PRACH slot configuration even if 10ms frequency hopping period is applied. Therefore, with 20ms PRACH slot configuration, 10ms and 40ms frequency hopping period is not much difference from complexity point of view. 

Meanwhile, as our understanding, 20ms PRACH slot configuration is mainly used for narrow band operation like 1.4MHz to reduce PRACH slot overhead. However, this configuration requires not only an additional frame boundary detection scheme but also increases handover latency due to longer interval of PRACH slot allocation. Therefore, we think 20ms PRACH slot configuration should be excluded form the PRACH slot configuration. 
If 20ms PRACH slot configuration is excluded from the specification, 10ms frequency hopping period should be much attractive approach because of avoiding to specify additional frame boundary detection scheme and minimizing handover latency even for 1.4MHz system bandwidth. 
b. Frequency hopping gain

In case of 10ms hopping period, some PRACH slot configuration (i.e. 1 PRACH slot configuration every 10ms and 20ms) can not obtain frequency diversity gain due to same or shorter hopping period than PRACH slot interval.

Figure 1 shows examples of PRACH preamble transmission interval and PRACH slot used for every PRACH transmission of a UE.  In RAN2, Semi-synchronous transmission timing (i.e. time window) of message 2, which is random access response after PRACH preamble transmission, with regard to PRACH slot was agreed. Therefore, every PRACH preamble transmission from a UE can be transmitted to different frequency band by using appropriate message 2 time window size as shown in Figure 1, although this is implementation matter and depending on processing delay of preamble reception at eNB and preamble re-transmission after message 2 time window at UE. 
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Figure 1 examples of PRACH preamble transmission interval and PRACH slot using different message 2 time window size configuration.

Meanwhile, in case of 40ms hopping period, since frequency hopping pattern is repeated every 40ms, frequency diversity gain can be obtained for all PRACH slot configuration.

However, we do not see the necessity of PRACH slot frequency hopping for 20ms interval (i.e. slot configuration #0,#1, #2 and #15) and 10ms interval configuration (i.e. slot configuration #3,#4 and #5) since these configuration usually use for narrower system bandwidth as 1.4MHz or 3MHz. In such narrower system bandwidth, obtained frequency hopping gain is very limited. Figure 2 shows the typical PRACH slot configuration corresponding to each system bandwidth. These results are calculated based on the number of PRACH attempts based on the results discussed in [8] . According to [8] , 3 – 5 PRACH slots every 10ms seems to support 50-150 access/sec (normal case) in case of 10MHz system bandwidth with 0.5% collision probability. Therefore, 20ms and 10ms configuration is used for very narrow system bandwidth. For 5MHz and larger than 5MHz system bandwidth, 2 or more than 2 PRACH slot configuration within a frame is usually used. 
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Figure 2 typical PRACH slot configuration corresponding to each system bandwidth.
Proposal
From the above discussion, if we agree to remove 20ms interval PRACH slot configuration from the specification, we think the 10ms frequency hopping period is most attractive approach since any additional frame boundary detection scheme is required and frequency hopping gain can be obtained by using appropriate message 2 time window size. 
Therefore we propose 
· To eliminate 20ms PRACH slot configuration (i.e. PRACH configuration 0, 1, 2 and 15). 

· PRACH frequency hopping period: 10ms, if 20ms PRACH slot configuration is eliminated

· PRACH frequency hopping is always ON except PRACH configuration with 10ms interval.
2.2. Frequency hopping pattern
In the previous section, we propose 10ms frequency hopping period and the possible PRACH slot in frequency domain was agreed as two PRACH frequency regions next (inside the UE TX bandwidth) to PUCCH and PRACH hops between this two frequency regions in Jeju meeting. 
As PRACH frequency hopping pattern for 10ms hopping period, PRACH alternately hops between two possible frequency locations was proposed in [9]. We support this proposal because frequency hopping gain can be obtained efficiently by using appropriate message 2 window setting.

Proposal: PRACH alternately hops between two possible frequency locations
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Figure 3 Proposed PRACH slot frequency hopping pattern (10ms hopping period).
3. Conclusion

We discussed PRACH slot frequency hopping period and pattern from frame boundary detection and frequency diversity gain perspectives.

From the discussion we propose as follows,
· To eliminate 20ms PRACH slot configuration (i.e. PRACH configuration 0, 1 and 2). 
· PRACH frequency hopping period: 10ms, if 20ms PRACH slot configuration is eliminated
· PRACH frequency hopping is always ON except PRACH configuration with 10ms interval.
· Frequency hopping pattern: PRACH alternately hops between two possible frequency locations.
Table 5.7.1-2: Random access preamble timing for preamble format 0-3.

	PRACH configuration
	System frame number
	Subframe number

	0
	Even
	1

	1
	Even
	4

	2
	Even
	7

	30
	Any
	1

	41
	Any
	4

	52
	Any
	7

	63
	Any
	1, 6

	74
	Any
	2 ,7

	85
	Any
	3, 8

	96
	Any
	1, 4, 7

	107
	Any
	2, 5, 8

	118
	Any
	3, 6, 9

	129
	Any
	0, 2, 4, 6, 8

	1310
	Any
	1, 3, 5, 7, 9

	1411
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	Even
	9
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