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1 Introduction
In last RAN1 meeting, some agreements on PUCCH functionality have been achieved in [1][2][3]:

To support these PUCCH functionalities for Rel-13 low complexity MTC UEs, PUCCH transmission to fit 1.4MHz MTC subband may be required. In this contribution, we discussed some issues on narrow band PUCCH design. Based on the discussion, some observations and proposals were made.
2 Discussion
Reusing or optimizing legacy PUCCH design within a MTC sub-band

One solution for narrow band PUCCH design may be to reuse legacy PUCCH design within a MTC sub-band as shown in Fig. 1. Within the MTC sub-band, same design as current PUCCH can be reused for Rel-13 low complexity MTC UEs, i.e. MTC PUCCH is allocated at the two edges of the MTC sub-band. This solution has less specification impact and RF retuning for PUCCH frequency hopping within the sub-band is not needed. However, the resource overhead used for PUCCH transmission may be too much, i.e., at least 2 out of 6 PRB pairs (33%) are occupied for PUCCH transmission. From the detection performance perspective, frequency hopping within the 1.4MHz MTC sub-band may not provide much diversity gain either, which may have the impact on PUCCH coverage and then cause PUCCH repetition. In addition, the reserved MTC PUCCH within MTC-subband resource will cause the segmentation of PUSCH resources for other UEs in the system bandwidth, which may restrict their uplink peak data rate due to the limited contiguous resource blocks for PUSCH.  

One optimization of legacy PUCCH design within a MTC sub-band may be to eliminate slot-based frequency hopping within the MTC sub-band as shown in Fig. 2, i.e. 1 out of 6 PRB pairs (16.67%) can be occupied for PUCCH transmission. Thus, the resource overhead used for PUCCH transmission and effect of PUSCH resource segmentation can be alleviated. However, PUCCH coverage may be impacted due to loss of frequency diversity gain. In addition, resource overhead used for PUCCH transmission is still a problem in some cases since Rel-13 MTC UE cannot be multiplexed with other UE in legacy PUCCH region, e.g. at least 1 additional PRB is reserved for MTC PUCCH even the number of connected Rel-13 MTC UE is very small. In particular for the case of reserving a PUCCH region within each MTC sub-band allocated for UL data transmission of Rel-13 MTC UEs, if the DL traffic load is low and the UL traffic load is high, the scarce PUCCHs may cause more uplink physical resource waste.   


[image: image11.emf]
Fig. 1 Reused legacy PUCCH design within a MTC sub-band
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Fig. 2 Optimized legacy PUCCH design within a MTC sub-band
Observation #1: Reusing or optimizing legacy PUCCH design within a MTC sub-band is not preferred due to resource overhead and resource segmentation.
Multiplexing Rel-13 MTC UEs and other UEs in legacy PUCCH region

Another possible solution may be to multiplex Rel-13 low complexity MTC UEs and other UEs in legacy PUCCH region, i.e. two edges of system bandwidth. Following solutions can handle the multiplexing issue:

· Solution 1: Transmit PUCCH in one slot in one subframe and in the slot in the next subframe on the opposite side of system bandwidth by RF retuning. ( As shown in Fig. 3)

· Solution 2: Transmit PUCCH in the same PRB over two slots in one subframe. (As shown in Fig. 4)

For solution 1, Rel-13 MTC UE transmits PUCCH with cross-subframe frequency hopping over system bandwidth. The Rel-13 MTC UE can obtain the same frequency diversity gain as other UEs transmitting legacy PUCCH. In this solution, four Rel-13 MTC UEs can be paired together to occupy four PUCCH resources in two subframes as shown in Fig. 2, and no PUCCH resource wasting is expected. Due to cross-subframe frequency hopping, the duration of PUCCH transmission is extended. However, it may not be an issue for delay tolerant MTC UEs. In addition, RF retuning does not cause additional power consumption as discussed in [2]. Therefore, this method may be worthy of further study since it can achieve the same performance as legacy PUCCH. 
In solution 1, cross-subframe frequency hopping is performed assuming 0.5ms RF retuning time. The exact RF retuning time may depend on RAN4 discussion, e.g. 0.5ms or 1ms. If RF retuning time is at least 1ms, the solution can be extended to still support frequency hopping over system bandwidth. For example, Rel-13 MTC UE transmits PUCCH in one slot in one subframe and in the slot in the next-next subframe on the opposite side of system bandwidth by RF retuning, i.e. 1.5ms is reserved for RF retuning.
For solution 2, Rel-13 MTC UE transmits PUCCH in the same PRB over two slots of one subframe, i.e. no slot-based frequency hopping. In the solution, two Rel-13 MTC UEs can be paired together and share two PUCCH resources in one subframe. Comparing with solution 1, no frequency diversity gain can be obtained. This may impact PUCCH coverage and PUCCH repetition may be required to compensate such coverage loss. The solution is very similar to the optimized legacy PUCCH design within a MTC sub-band discussed above, and the difference is that determining the physical location of PUCCH doesn’t require additional information of a MTC sub-band in solution 2.
For the above 2 solutions, they are very flexible to support different number of narrow band MTC devices, without causing resource fragmentation and resource waste caused by reusing or optimizing legacy PUCCH design within a MTC sub-band. In addition, no additional signalling is required for configuration of the MTC sub-band for PUCCH, and Rel-13 MTC UE can determine the physical location of PUCCH based on the logical PUCCH resource reusing legacy mechanism. PUCCHs of Rel-13 MTC UE and other UE can be multiplexed within one PRB, and it can be applied for both PUCCH format 1 and 2. And same as legacy system, within system bandwidth, there may be maximum one PRB for multiplexing of PUCCH format 1 and 2. Considering above benefits, multiplexing Rel-13 MTC UEs and other LTE UEs in PUCCH region should be considered for the direction of narrow band PUCCH design. And the solution 1 with the same performance as legacy PUCCH is preferred.
Observation #2: Solution 1 with cross-subframe frequency hopping over system bandwidth is preferred since it can achieve the same performance as legacy PUCCH. 

Proposal #1: Multiplexing Rel-13 MTC UEs and other UEs in legacy PUCCH region should be considered for the direction of narrow band PUCCH design.
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Fig. 3 One example of multiplexing Rel-13 MTC UEs and other UEs in legacy PUCCH region 
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Fig. 4 Another example of multiplexing Rel-13 MTC UEs and other UEs in legacy PUCCH region 

3 Conclusion
In this contribution, we discussed some issues on narrow band PUCCH design for Rel-13 MTC. Based on the discussion, we have following observations and proposals:   
Observation #1: Reusing or optimizing legacy PUCCH design within a MTC sub-band is not preferred due to resource overhead and resource segmentation.
Observation #2: Solution 1 with cross-subframe frequency hopping over system bandwidth is preferred since it can achieve the same performance as legacy PUCCH. 

Proposal #1: Multiplexing Rel-13 MTC UEs and other UEs in legacy PUCCH region should be considered for the direction of narrow band PUCCH design.
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