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1. Discussion
This paper discusses different alternatives to solve the “RACH on 1.4 MHz” issue, i.e. the fact that, with the current RACH design, the PRACH covers 6 resource blocks (RBs), thus also the PUCCH resources in case of a 6 RB uplink system bandwidth (the minimum uplink system bandwidth).
1.1. Alternative #1, Define a more narrowband PRACH

One alternative to solve the “1.4 MHz” issue is to define a more narrowband PRACH, more specifically a PRACH only covering four resource blocks. This is basically method 1 in [1]. It is also the solution expressed as the preference in [2].

If such a 4RB RACH is defined, it should as much as possible be based on the same principles as the current 6RB PRACH. More specifically, we propose the following structure of 4RB PRACH, should such a PRACH be defined
· “Sub-carrier” spacing: 1.25 kHz, i.e. a basic preamble length of 24576×Ts = 800 (s (identical to current 6 RB PRACH)
· Preamble repetition identical to current 6 RB PRACH

· Cyclic prefix lengths: 3152×Ts, 6224×Ts, and 21012×Ts (identical to current PRACH)
· Sequence length NZC = 557. This gives a RACH “bandwidth” of around 700 kHz, i.e a spectral utilization of 96.7% (97.1% for current 6 RB RACH)

· Set of cyclic shifts (Nc): 8, 10, 12, 14, 17, 21, 25, 30, 39, 50, 61, 79, 111, 185, 278, 0 (derived using the same method as for current 6 RB RACH).
1.2. Alternative #2, Rely on scheduling constraints

The second alternative to “solve” the “1.4 MHz issue” is to do nothing with regards to the specification. Instead one would rely on the scheduler to, as much as possible, avoid scheduling data that implies Ack/Nack transmission in RACH subframes. If such transmissions anyway would happen, one would rely on the fact that, in many RACH subframes, there may anyway not be any PRACH transmissions and, if PRACH transmissions does take place, that the processing gain of PRACH and PUCCH would be sufficient to properly detect both the PRACH and the PUCCH despite the collision. 
This is basically a combination of method 3 and method 6 in [1].

This is the simplest “solution” to the “1.4 MHz issue” and seems like an appropriate solution assuming a relatively low RACH load. It is doubtful however if this solution would be sufficient in case of high RACH load.

1.3. Alternative #3, Define possibilities for delayed Acknowledgements

A third alternative is to introduce the possibility for delaying Ack/Nack transmission in the case when Ack/Nack transmission would otherwise coincide with RCH subframes. This is basically method 5 in [1]. 

It may be so that this method could fully reuse mechanisms that would anyway be needed for half-duplex FDD and, in such a case, this could be an interesting alternative. However, at this stage we do not think it is clear that this would be the case. 

2. Proposal 

Based on the discussion above, and assuming that Alternative #2 would not be sufficient, it is proposed that a more narrowband (4RB) PRACH is defined according  to Alternative #1 above. 
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