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1. Introduction

The PRACH occupies 6 RBs which is also the number of RBs available for 1.4MHz system bandwidth.  As a result, when the PRACH occurs, no orthogonal uplink transmission is possible.  This is an issue for the ACK/NACK since this information is needed to support DL transmission.  This contribution discusses several methods for handling this issue.
2. Possible Solutions for 1.4MHz
The problem of PRACH transmission for 1.4MHz bandwidth is well summarized in [1].  The main issue is that the eNB may not be able to transmit data on PDSCH of the associated downlink sub-frame since the ACK/NACK cannot be transmitted on the uplink.  Several solutions are possible –

· Method 1: PRACH is transmitted on 4 or 5 RBs only [1].  This requires a change to the RACH parameters particularly the Zadoff-Chu sequence length (NZC) as well as the cyclic shift length (NCS).  Figure 1 illustrates the revised PRACH which is transmitted over 4 or 5 resource blocks.
[image: image1.emf]RB4

RB5

RB3

RB2

RB1

RB0 PUCCH 

PUCCH PUCCH

PUCCH

(a) (b)

PUCCH  PUCCH 

RACH RACH


Figure 1.  RACH for 1.4 MHz – 4 or 5 RBs.

If the PRACH is reduced to 5 RBs as shown in Figure 1(a), then intra-subframe hopping for the PUCCH is not possible.  This results in a diversity loss on the order of 2-2.5 dB.  Also, this PUCCH structure will be different. If the PRACH is reduced to 4 RBs as shown in Figure 1(b), then there is no change required for the PUCCH structure.  However, in this case the sequence length will be reduced to around NZC = 571.  The number of available Zadoff-Chu root sequences is reduced by 32% which will impact sequence reuse and cell planning.   Furthermore, with PRACH bandwidth of 720 kHz, timing estimation accuracy may also be severely impacted.  This is especially important since one-step synchronization process is used in E-UTRA.
· Method 2: Increase the number of RBs for 1.4 MHz [1]. This requires the number of RBs to be increased to 7 or 8 RBs which will require extensive analysis by RAN4.  This option is not preferred due to possible OOB emission issues.
· Method 3: eNB transmits only common channels [1].  This requires transmission of common channels such as BCH or PCH that do not require acknowledgement.  In addition, this option may be attractive for multimedia broadcast services (i.e. MBSFN) where ACK/NACK is not required. Restricting the downlink transmission to only common control channels will result in a waste of resource and impose further constraint on when these channels (or when the PRACH) may be transmitted.  However, as noted in [2], it is desirable to stagger the time location of the PRACHs from the same eNodeB (i.e. from the same cells of the eNodeB) so that eNodeB processing requirements and complexity are significantly reduced.
· Method 4: eNB assumes NACKs on PDSCH transmissions.  This requires that the eNB assumes NACKs on all PDSCH transmissions in the sub-frame and retransmissions will be required.  In this case, system throughput will be reduced if the packets were successfully received by the UEs the first time.  However, eNB can schedule more aggressively in this situation so that there is only a marginal impact on overall system throughput.  For persistently scheduled users, the eNB may instead adjust the power.  For delay sensitive traffic, there may be some delay impact which can also be overcome through intelligent scheduling.
· Method 5: Delaying the ACK/NACK to the next UL sub-frame.  This requires delaying the ACK/NACK to the next UL sub-frame which may be implemented in several ways as shown in Figure 2.  Although this solution does not require a change in the PRACH parameters, the round trip delay is changed since the ACK/NACK will be available one frame later.  However, with asynchronous HARQ in the DL, timing is not expected to be an issue.  On the other hand, it should be noted that this method will require some restriction in the DL:UL split in a TDD deployment since, for example, a 9 DL:1 UL split cannot be supported from a timing perspective..

Figure 2 shows three different multiplexing options for the ACK/NACKs in the next uplink sub-frame.  One option is to use a multi-frame ACK/NACK structure similar to what may be adopted for TDD to address the previous and current sub-frames as shown in Figure 2(a).  Note that when SU-MIMO is not supported, the same ACK/NACK structure with QPSK may already be used to indicate ACK/NACK from two DL subframes.  The second option is to define an additional PUCCH that is associated with the previous DL sub-frame as shown in Figure 2(b).  If additional PUCCH is defined, however, scheduling restriction will be needed to ensure that a UE is not scheduled to receive data in both DL sub-frames since it cannot transmit ACK/NACK on both PUCCHs simultaneously. A third option may be to transmit ACK/NACK only in one slot so that ACK/NACK for both DL sub-frames can fit in one control region.  This option may require that only users with relatively good channel conditions are scheduled in those corresponding downlink sub-frames, as link performance loss is significant (~5 dB).  
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Figure 2.  Different options for supporting ACK/NACK for two DL sub-frames.
· Method 6: Allow PUCCH resources to coexist with the PRACH.  PUCCH resource is also part of the PRACH.  That is, allow ACK/NACKs on the single PUCCH resource even though sometimes there may be collisions with preamble transmissions.  Schedule PDSCH to minimize ACK/NACK occurrences when PUCCH resource coincides with the PRACH subframe.
3. Conclusions

In this contribution, several approaches for handling ACK/NACK in case of PRACH transmission in 1.4 MHz system bandwidth were presented.  Our preference is to adopt Method 5 – delaying the ACK/NACK to the next uplink sub-frame.  This option does not lead to PUCCH/PRACH performance loss or increased eNodeB complexity.  However, some restriction in the DL:UL split in a TDD deployment is needed.
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