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1. Introduction
RAN Plenary # 65 meeting approved a new Rel-13 WID on “Further LTE Physical Layer Enhancements for MTC” [1]:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

This contribution presents our considerations on PUCCH for Rel-13 MTC UE, and some potential solutions are discussed. 

2. PUCCH for Rel-13 MTC with bandwidth reduction
For Rel-13 MTC UE with bandwidth reduction, “the UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink” [1]. This means Rel-13 MTC UE cannot multiplexed with other LTE UEs for PUCCH transmission, where the resources of PUCCH are at the edges of the system bandwidth (if the system bandwidth is larger than 1.4MHz), because UE needs some time to retuning RF from one edge to the other edge of the system bandwidth (as discussed in [2]). Several solutions may solve this problem. 

Dedicated MTC sub-band with current PUCCH design
In Rel-11 SI phase, introducing a dedicated MTC sub-band is proposed in [3], e.g. 6 continuous PRBs as shown in Fig. 1. Within the dedicated MTC sub-band, same design as current LTE PUCCH can be used for narrow band MTC UEs. That is PUCCH for narrow band MTC UE allocates at the edge of 1.08MHz, e.g. one PRB in each edge as Fig. 1 shown. This solution has no specification impact and no RF retuning is needed. If the traffic of narrow band MTC is large, multiple dedicated MTC sub-bands can be configured.  However, when the traffic of narrow band MTC is very small, this method may waste of resource. For example, one narrow band MTC UE will occupy two PRBs for PUCCH transmission. On the other hand, this method will lose frequency diversity gain, which may impact uplink coverage. Considering for Rel-13 MTC UE, the maximum uplink transmission power may be reduced, the loss of PUCCH coverage may need to be compensated, for example, by repetition of PUCCH. 
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Fig. 1 Support of PUCCH for low bandwidth MTC UEs [3]
Multiplex with other LTE UEs in PUCCH region
Another possible solution is multiplexing with other LTE UEs in current PUCCH region. Several methods can handle the multiplexing issue:

· Solution 1: Only use one slot in each subframe and using the other slot to returning to the other side of system bandwidth in the next subframe (shown as Fig. 2)
· Solution 2: Always transmit PUCCH in the same PRB in two slots in each subframe (shown as Fig. 3)
· Solution 3: Only transmit PUCCH in one slot in each subframe (shown as Fig.4)
For solution 1, narrow band MTC UE can obtain the same frequency diversity gain as other LTE UEs. The PUCCH resource in the slot used for RF retuning can be allocated to another narrow band MTC UE. That is two narrow band UEs can be paired together to occupy two PUCCH resources in two subframes shown as Fig. 2. No PUCCH resource wasted is expected in this method. As discussed in [2], since RF retuning does not expect waste of power consumption, this method may be worthy of further study.
For solution 2, narrow band MTC UE will occupy two PUCCH resources in two slots of one subframe. Similar to solution 1, two narrow band MTC UEs can be paired together and share two PUCCH resources in one subframe. However, compared with solution 1, no frequency diversity gain can be obtained but UE does not need RF retuning. Repetition of PUCCH may be needed to compensate the frequency diversity gain loss. 

Similar as solution 2, narrow band MTC UEs only occupy half PUCCH resource in one subframe. More than 3dB performance loss is expected due to lose of half transmission. More repetition of PUCCH is needed to compensate the performance loss due to less transmission time, frequency diversity gain and potential maximum transmission power reduction. Longer transmission time is expected which may result in poor power consumption. The other half of PUCCH resource can be used by another narrow band MTC UE and no waste of resource is expected as solution 1&2.

For the above 3 solutions, it is very flexible to support different number of narrow band MTC devices without causing uplink resource fragmentation or wasted of uplink resource to support very few number of narrow band MTC devices with dedicated MTC sub-band. PUCCH resource collision issue will happen for these solutions when multiplexing with other LTE UEs. The solutions for EPDCCH can be used to solve this problem, such as configuring a different higher layer PUCCH parameter, or ARO in DCI. Not much specification impact is expected since current PUCCH channel can be mostly reused.
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Fig. 2 An example of multiplexing with other LTE UEs in PUCCH region (Solution 1)
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Fig. 3 An example of multiplexing with other LTE UEs in PUCCH region (Solution 2)

[image: image4]
Fig. 4 An example of multiplexing with other LTE UEs in PUCCH region (Solution 3)

New PUCCH channel or PUCCH elimination for narrow band MTC 
A new PUCCH channel can be designed for narrow band MTC. In order to avoid uplink resource fragmentation, the new PUCCH channel shall be scalable to adopt different narrow band MTC traffic. Because current PUCCH is CDMed, it is hard to improve the coverage by PSD boosting or using more resource in frequency domain. Repetition or frequency hopping can be considered to improve the coverage of the new PUCCH channel. 
In addition, in WID [1], it was suggested to consider “Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).” More flexible multiplexing method for DL HARQ can be considered. For example, some subframes can be used for new PUCCH transmission to avoid resource fragmentation. Further, PUCCH may be eliminated if a relaxed downlink HARQ time is acceptable, e.g., UE can hold HARQ until obtain an uplink grant for PUSCH. 
However, new PUCCH channel or PUCCH elimination will have large specification impact. This needs trade-off with the benefit for the new design. 
Proposal #1: Further study on PUCCH design for narrow band MTC UEs. Evaluate the performance and coverage loss of each solution. Consider enabling frequency hopping for PUCCH transmission by narrow band MTC to improve the performance. Carefully evaluate the benefit of introducing a new PUCCH or PUCCH elimination.  
PUCCH in coverage enhancement mode

In WID [1], to provide 15dB coverage extension, the following techniques can be considered:
· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)


Downlink HARQ functionality may need to be kept. Repetition techniques can be used to improve the coverage of PUCCH. Elimination of PUCCH channel, e.g., introducing a new physical channel for HARQ functionality or using PUSCH for downlink HARQ can be considered. As mentioned in previous section, the specification effort of introducing a new physical channel needs trade-off with the benefit. 
On the other hand, WID [1]also mentioned that:  

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· and “the work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

As a result, we propose to discuss PUCCH for narrow band MTC in normal coverage first, and then based on the solution for narrow band MTC, further study on how to provide 15dB coverage extension. 

Proposal #2: Focus on PUCCH for narrow band MTC in normal coverage first and then further study on how to provide 15dB coverage extension of the solution for narrow band MTC UE. 
3. Conclusion
In this paper, solutions of PUCCH for narrow band MTC UE were discussed. Based on the analysis, the following proposal is made:
Proposal #1: Further study on PUCCH design for narrow band MTC UEs. Evaluate the performance and coverage loss of each solution. Consider enabling frequency hopping for PUCCH transmission by narrow band MTC to improve the performance. Carefully evaluate the benefit of introducing a new PUCCH or PUCCH elimination.  

Proposal #2: Focus on PUCCH for narrow band MTC in normal coverage first and then further study on how to provide 15dB coverage extension of the solution for narrow band MTC UE. 
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