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1. Introduction

In this paper, we discuss the following remaining issues on random access;

· PRACH for 1.4 MHz system bandwidth

· Frequency position and frequency hopping pattern for PRACH
2. PRACH for 1.4 MHz system bandwidth
In ‎[3]  a problem facing the multiplexing of the PRACH and the PUCCH (especially ACK/NACK transmission) in case of 1.4MHz system bandwidth were raised. Since the occupied resource blocks (RBs) of the PRACH slot (i.e. 6RBs) is same as the number of RBs of 1.4MHz system bandwidth, the orthogonality in frequency between the PRACH and PUCCH is no longer retained. 
As possible solutions, five methods were elaborated in ‎[3] 
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‎[4]  as follows;
(A) Increasing the number of RBs for 1.4MHz system bandwidth from 6 RBs to 8RBs

(B) Modification of PRACH bandwidth from 6RBs to 4RBs
(C) Delaying the ACK/NACK to the next UL sub-frame

(D) eNB transmitted only channels which do not require ACK/NACK transmission
(E) Allowing PUCCH resources to coexist with the PRACH

Method (A), (B) and (C) require modifications of the agreed PRACH parameters or additional 1.4MHz specific features in the specification. On the other hand, method (D) and (E) do not require any explicit addition or modification to the specification.  
Method (A)
Possibility of increasing the number of RBs for 1.4MHz is out of RAN1 scope and it seems impossible, therefore, this should be out of candidates.
Method (B)
PRACH configuration with smaller RBs (i.e. 4RBs) were proposed in ‎[3]  in addition to the current agreed PRACH configuration (i.e. 6RBs). This solution method almost duplicates the memory size for storing preamble sequences and test items to optimize 1.4MHz system bandwidth operation only.  As another solution, one proposed that the PRACH bandwidth is completely changed from 6 RBs to 4 RBs for all possible system bandwidth on RAN1 reflector. It is much simpler solution than equipping two different PRACH configurations. However, this solution has some disadvantages. 
· 33.7% of the number of available sequences is reduced with assuming sequence length NZC=557 for 4RBs
· Time resolution reduction of the arrival timing estimation: from 0.95us to 1.44us
· Detection performance degradation due to frequency selectivity of channel (not confirmed yet)
We are especially concerned about the reduction of the arrival timing estimation accuracy. It would affect ACK/NACK detection performance though depending on channel model. Therefore, we should consider other solution before choosing this solution and careful consideration and evaluation should be performed before final decision. 
Method (C)
We think this may be simpler solution than the method (B) specifying two PRACH configurations. However, when the PRACH slot length is 2ms the ACK/NACK delay also becomes 2ms. Moreover, the situation using ACK/NACK repetition is also taken into account. Therefore, this solution seems also complicated solution. 
Method (D) and (E)
We believe a combination of these methods is the best solution because these do not require any explicit addition or modification to the specification so that UE does not need aware whether the PRACH slot is allocated in the sub-frame. In addition, the issue raised in ‎[3] can be solved by these solutions with negligible or acceptable throughput performance degradation. More detailed steps are as follows,
· eNB allocates only channels which do not require ACK/NACK transmission corresponding downlink sub-frame or simply does not allocate PDSCH. 
· If this is not possible, then the PUCCH is allowed to collide with a potential PRACH transmission.
Since P-BCH is transmitted in the sub-frame#0 every 10ms, the PRACH slot is allocated to the uplink sub-frame#4 which corresponds to downlink sub-frame#0 as Figure 1. Other channels which do not require ACK/NACK transmission such as D-BCH, PCH and/or MBMS, would be allocated into the remaining radio resources of the downlink sub-frame#0. Therefore, throughput degradation can be minimized. In addition, the solution is required only for 1.4MHz system bandwidth. As 1.4MHz is relatively small bandwidth, one PRACH slot every 10ms should  be enough. According to ‎[5] , 5 – 10 PRACH slots every 10ms can support 150-300 access/sec in case of 10MHz system bandwidth with 0.5% collision probability. Therefore, 1 PRACH slot every 10ms or 20ms sufficiently supports an estimated heavy PRACH traffic in 1.4MHz system bandwidth. If using dedicated signature allocation, the situation can be further relaxed. Meanwhile, if the PRACH attempt is increased some throughput degradation on downlink may be expected due to the limitation of PDSCH allocation. Note that random back-off mechanism on PRACH could be alleviated the throughput degradation by reduced usage of collision.
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Figure 1 Sub-frame relation between P-BCH on downlink and PRACH on uplink.
From the discussion, any explicit specification for this issue is not necessary. Hence, we propose to apply method (D) and (E).
· eNB transmitted only channels which do not require ACK/NACK transmission

· Allowing PUCCH resources to coexist with the PRACH
3. Frequency position and frequency hopping pattern for PRACH
Although it was agreed that one common frequency hopping pattern per system bandwidth is specified in Athens meeting ‎[1] , detailed PRACH slot frequency hopping have not been discussed so far. This section discusses frequency hopping pattern (hopping period and frequency position) of the PRACH slot.

3.1. Frequency hopping cycle and possible frequency position
In order to synchronize frequency hopping of the PRACH slot, UE has to know the phase of hopping pattern at the frame. We can envisage SFN (system frame number) utilization for frequency hopping pattern synchronization. According to the current agreement in RAN2, SFN is transmitted on P-BCH. Therefore, SFN can be utilized for PRACH frequency hopping pattern synchronization. 
As another available period at UE before PRACH transmission, there is 40ms boundary of P-BCH TTI. Namely UE can distinguish the frame offset from the TTI boundary obtained by blind detection of P-BCH. If the PRACH frequency hopping cycle is aligned with 40ms P-BCH period, any explicit signaling such as SFN for frequency hopping pattern synchronization is not necessary.
With limiting the frequency hopping cycle, possible frequency position of the PRACH slot is also limited. According to the PRACH slot configuration agreed in Shanghai meeting ‎[2] , the periodicity of the PRACH slot is 10ms and 20ms. Therefore, four and two frequency positions are possible, respectively. In order to maximize frequency diversity gain to reduce latency of random access procedure, it is desirable to increase possible frequency positions especially for larger system bandwidth. 
Meanwhile, the PRACH slot is allocated with the highest priority, therefore, other channels such as persistent scheduled PUSCH, frequency hopped PUSCH has to be allocated avoiding frequency band where the PRACH slot to be allocated. That is, if the number of possible PRACH slot positions is increased, it would become more complicated to design persistently scheduled PUSCH and/or frequency hopped PUSCH in order to avoid collision with a possible PRACH transmission.
Therefore, we propose 
· 40ms as PRACH frequency hopping cycle 
· Possible frequency position is close to the both edges of system band to maximize frequency diversity gain.

3.2. Relation between PRACH & PUCCH
In the previous section, we propose possible frequency position is close to the both edges of the system band. This section then discusses the relation between PRACH and PUCCH.
As PUCCH is transmitted on resource block(s) located both edge of system band two possible options of the relation between the PRACH slot and the PUCCH are envisioned
Option1: PRACH slot is always bounded with PUCCH (Figure 2)
· PRACH frequency position is changed depending on the number of PUCCH bandwidth (semi-statically) as shown in Figure 2(a) and Figure 2(b). The PRACH frequency position can be calculated from information of system bandwidth and the PUCCH bandwidth. 

· Pros: Frequency diversity gain can be maximized since outer frequency band is used as much as possible.

· Cons: PUCCH bandwidth has to be transmitted with other PRACH parameters on D-BCH.
Option2: PRACH slot frequency position is always fixed (Figure 3)
· PRACH slot position is defined avoiding overlapping with PUCCH. 
· Pros: No signaling is required for UE to know the RPACH slot frequency position.

· Cons: 
· Frequency gap is made between PRACH slot and PUCCH as shown in Figure 3(a).
· Frequency diversity gain is reduced especially for smaller system bandwidth.
Our preference is option 1 because frequency diversity gain of PRACH can be maximized and resource block fragmentation between PRACH and PUCCH can be avoided, although PUCCH bandwidth indication is required every 20ms or 40ms.
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(a) total PUCCH bandwidth: 2RB                                 (b) total PUCCH bandwidth: 4RB

Figure 2 Examples of the relation between PRACH slot & PUCCH (Option 1).
[image: image3.emf]PUCCH PRACH


(a) total PUCCH bandwidth: 2RB                                 (b) total PUCCH bandwidth: 4RB

Figure 3 Examples of the relation between PRACH slot and PUCCH (Option 2, 4RB is assumed as the maximum PUCCH bandwidth).
3.3. Proposed PRACH slot frequency hopping pattern
· PRACH frequency hopping is always ON.
· PRACH frequency hopping cycle (period): 40ms. 

· Frequency position: RACH slot is always bounded with PUCCH
· Frequency hopping pattern: RRACH slot is located at lower and higher edge of system band alternately every 10ms.
· PUCCH bandwidth is indicated with other PRACH parameters on D-BCH.
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Figure 4 Examples of proposed PRACH slot frequency hopping pattern.
4. Conclusion

We discussed the following remaining issues on random access as (a) PRACH for 1.4 MHz system bandwidth, and (b) Frequency position for PRACH and frequency hopping pattern.
From the discussion we propose as follows,
PRACH for 1.4 MHz system bandwidth

· eNB transmitted only channels which do not require ACK/NACK transmission

· Allowing PUCCH resources to coexist with the PRACH
Frequency position for PRACH and frequency hopping pattern
· PRACH frequency hopping is always ON.
· PRACH frequency hopping cycle (period): 40ms. 

· Frequency position: RACH slot is always bounded with PUCCH
· Frequency hopping pattern: RRACH slot is located at lower and higher edge of system band alternately every 10ms.

· PUCCH bandwidth is indicated with other PRACH parameters on D-BCH.
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