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1. Introduction
This contribution draws attention to a problem related to the current physical random access channel (PRACH) structure for a 1.4-MHz system bandwidth. In the current working assumption, the PRACH bandwidth is six resource blocks (RBs) [1]. This means that for a 1.4-MHz system bandwidth, the PRACH occupies the full bandwidth and other physical channels cannot be sent simultaneously from the same sub-frame in order to maintain the uplink orthogonality. However, since the uplink ACK/NACK signals must be sent when downlink data signals to the UE exist, fundamentally the ACK/NACK signals for the downlink data signal should be carried in any uplink sub-frames. Therefore, in this contribution, after defining the problem related to the current PRACH structure for a 1.4-MHz transmission bandwidth, we present two methods that efficiently multiplex the PRACH and ACK/NACK signals in the 1.4-MHz transmission bandwidth.

2. Problem Facing Current PRACH Structure for 1.4-MHz Bandwidth
Assuming the current PRACH structure with a six-RB bandwidth, the ACK/NACK signal cannot be transmitted from a sub-frame where the PRACH is multiplexed in the 1.4-MHz transmission bandwidth as shown in Fig. 1. Accordingly, the Node B cannot send data signals in the downlink sub-frame that requires uplink ACK/NACK signals in the sub-frame with the PRACH. Thus, this restricts the downlink channel assignment for the corresponding downlink sub-frame such that only control channels such as the physical broadcast channel (PBCH), dynamic broadcast channel (DBCH), and paging channel (PCH) are assigned, because these channels do not require uplink ACK/NACK signals. Otherwise, when a downlink data transmission from the corresponding sub-frame is allowed, the round trip time is changed from that of the normal mode. It should be noted that this problem becomes more significant when the long preamble format over 2-3 sub-frames is employed.

Therefore, we present two methods to address this problem in order to avoid the restriction on the downlink data channel assignment for the 1.4-MHz transmission bandwidth.  
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Figure 1 – Separate sub-frame allocation for PRACH and ACK/NACK

3. Methods Addressing Current PRACH Structure for 1.4 MHz Bandwidth
This section proposes two methods in which the PRACH and ACK/NACK signals for the downlink data channel are simultaneously multiplexed in the same sub-frame. Hence, these methods achieve data channel assignment for all sub-frames in the downlink without any restriction such as the round trip delay (RTD). 
· Method 1: Use of a narrower PRACH bandwidth
The first method narrows the bandwidth of the PRACH to 4 or 5 RBs to enable multiplexing of the ACK/NACK signals in the same sub-frame as the PRACH as shown in Fig. 2. This method requires a change in the current working assumption (WA) with respect to the NZC (i.e., ZC sequence length) of the PRACH, while still maintaining the same total transmission bandwidth as that of the WA.
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Figure 2 – Use of narrower PRACH bandwidth
Pros and Cons of Method 1 are given below.

· Pros: The total transmission bandwidth is the same as that in the current WA. Thus, the RF signal shape is not changed at all. 
· Cons: The NZC length of PRACH must be modified. Table 1 gives an example of the modified NZC length of the PRACH sequences. By the modification, the number of the ZC base sequences is reduced.
Table 1 – Example of modified PRACH parameters
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· Method 2: Increase in the number of RBs for 1.4-MHz system bandwidth
Method 2 increases the number of RBs for the 1.4-MHz system bandwidth to 7 or 8 RBs to allow the ACK/NACK signals be multiplexed in the same sub-frame with the PRACH as shown in Fig. 3. This approach avoids the restriction to the downlink data allocation while maintaining the current PRACH structure.
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Figure 3 – Increase in number of RBs for 1.4-MHz system bandwidth
· Pros: The current PRACH numerology does not need to be changed.
· Cons: The number of RBs for the 1.4-MHz system bandwidth must be changed. This seems to be a significant issue for RAN4. Furthermore, we should consider the commonality to the downlink numerology at the same time. It may influence the design of the synchronization channel (SCH) or PBCH in the downlink.
4. Conclusions

In this contribution, we presented the problem facing the multiplexing of the PRACH with ACK/NACK signals in a 1.4-MHz system bandwidth, and presented two methods to address the problem. 
Between these two methods, our preference is Method 1, i.e., use of a narrower PRACH bandwidth since the changes to the current WA are only the NZC length (i.e., ZC sequence length) in [1]. However, the possibility of using Method 2 should be investigated. 
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