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1. Introduction
In RAN1#51 meeting in Jeju, it was decided to narrow down the possible PRACH frequency hopping periods to 10 and 40 ms. Given it was previously decided that only one FH pattern common to all cells [1] would be used, RAN1 still needs to choose which of 10 and 40 ms shall be supported. Moreover, as described in [2], this issue impacts the handover (HO) procedure specified in RAN2. In particular, in their LS [5], RAN2 asked RAN1 if reading the SFN is required for PRACH access in the target cell at HO. RAN1’s answer in [3] can be summarized as follows:
· If the PRACH hopping period is 10ms and the PRACH slot period is <= 10ms, then there is no need to know the SFN before HO (10ms frame synchronization is provided by the cell search procedure). 

· If the PRACH hopping period is 10 ms and the PRACH slot period is 20ms (no hopping), then it is required to know the 1 LSB of the SFN before accessing the PRACH of the target cell.
· If the PRACH hopping period is 40 ms, then it is required to know the 2 LSBs of the SFN before accessing the PRACH of the target cell.

So even if RAN1 agrees on the 10ms PRACH hopping period, the UE still needs to know the 1 LSB of the SFN before accessing the PRACH for the 20ms slot period.
We show in this contribution that PRACH FH is beneficial to increase the success probability of PRACH re-transmission at low speed, for both 10 and 20ms PRACH slot periods. We provide a list of possible solutions to the issue and suggest a preferred one.
2. PRACH Frequency Hopping benefits
The main purpose of PRACH FH is to increase the probability of success of re-transmissions, and therefore the overall RACH throughput and latency performances. We evaluated the impact of Frequency Hopping across slots at system level through simulations. The system-level simulator does not model multiple cells but models multiple concurrent UE’s within a single cell, and implements for each PRACH slot the complete multi-UE link-level model. NodeB and UE frequency errors are modelled, as well as UEs’ timing uncertainties. The UEs send random access attempts according to a Poisson arrival rate. Re-transmissions occur when the preamble was not detected, in which case power ramping is performed. The simulation parameters are listed in Table 1.
	Carrier frequency
	2 GHz

	# of Detectors
	64

	UE Speed
	3 km/h

	Ep/No operating point for first try
	18 dB

	Cell size
	Random up to 6km

	UE delay
	Random within the cell radius

	Channel Model
	6-path TU

	NodeB frequency error
	Random within +/- 0.05 ppm

	UE’s frequency error
	Random within +/- 0.05 ppm

	PRACH slot period
	10 ms and 20 ms

	PRACH slot frequency location
	Static or FH (ideal)

	Max number of re-tries before failure
	3 

	Power ramping step
	1 dB

	Offered load
	G = 0.5 – 1.25 (av. # accesses per PRACH slot)


Table 1: System simulation parameters
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Figure 1: Throughput (Left) and Average Latency (Right) performance with and without FH – 10 ms slot period
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Figure 2: Throughput (Left) and Average Latency (Right) performance with and without FH – 20 ms slot period
Figure 1 and Figure 2 plot the throughput loss and average latency performance of the PRACH with and without FH. The throughput loss is defined as the ratio of PRACH attempts that do not go through, that is, that reach the maximum allowed number of re-transmissions.The average latency is the average number of re-tries, converted in milliseconds. As can be observed, FH significantly improves the system performance of low-speed UEs for both 10ms and 20ms slot periods.
3. Discussion

The possible solutions to the PRACH/HO issue are:
1) RAN1 comes back on earlier decisions and withdraws both 20ms PRACH slot period and 40ms PRACH hopping period. That would allow for a common HO procedure in RAN2 that does not require UE to read SFN at all, but would rule out: 

a) 20ms PRACH slot period which would result in unnecessary RACH overhead especially in small system bandwidth 

b) PRACH hopping for both 10 and 20 ms slot periods, which we showed above to be very beneficial for low-speed UEs (3km/h), which LTE should be optimized for.
→ This solution is very restrictive performance wise and requires cancelling earlier RAN1 decisions.

2) RAN2 agrees on different HO procedure depending on PRACH slot period:
a) For PRACH slot periods <= 10ms, UE is not required to read the SFN during a HO procedure
b) For 20ms PRACH slot period, the UE must read the 2 LSBs of the SFN on PBCH after the HO command, which adds at most 40ms (PBCH TTI) interruption time
c) No PRACH hopping is supported for 10ms slot period (same comment as 1-b) above)
→ This solution belongs to RAN2, but would require supporting two different HO procedures.

3) RAN2 agrees on a common HO procedure regardless the RACH slot period, consisting in requesting UEs to read the 2 LSBs of the SFN on PBCH after the HO command (40ms additional interruption time, as above)
→ This solution also belongs to RAN2, but would degrade the HO interruption time compared to the current assumption in [4].

4) RAN1 agrees to the proposal in [2], also described in Annex, that allows UEs to detect the 2 LSBs of the SFN from the cell search procedure. This solution allows supporting all PRACH slot periods and all PRACH hopping periods, while not requesting UEs to read the PBCH after the HO command. 
4. Conclusion

In this contribution, we presented system-level simulation results further justifying the performance gain of PRACH frequency hopping for access slot periods of 10 and 20 ms. We listed the possible solutions solving the current issue in the HO procedure due to both PRACH FH period greater or equal to 10 ms and the access slot period of 20 ms. We conclude that the less restrictive solution performance wise, which is also in line with the current status of RAN1 and RAN2 decisions, is to let a UE deriving the frequency and time location of the next PRACH slot in the target cell from the cell search procedure:

· The frequency hopping pattern of the PRACH cycles over the same period as the P-BCH TTI, four frames (40ms)

· The UE gets frame synchronization modulo four frames from the cell search procedure, by detecting a known modulation pattern on the secondary synchronization signal, S-SCH
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Annex:
Frame synchronization from cell search procedure
Some proposals already allow the UE synchronizing, from the S-SCH, on P-BCH TTI boundaries (40 ms). For example, in [7] it is proposed to either add a QPSK modulation by +1, +j, -1, or -j on top of both SSC-1 and SSC-2 in frame# n where n mod 4 = 0, 1, 2, and 3 respectively, or add a BPSK modulation +1 or -1 on top of each SSC, each sign combination representing a P-BCH boundary identification. Simulation results show that the latter slightly outperforms the former. Figure 3 illustrates this principle.
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Figure 3: S-SCH modulation in support of frame synchronization
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