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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item of “Further LTE Physical Layer Enhancements for MTC” [1], aims to introduce a new Rel-13 UE category/type for MTC with low complexity and relative LTE coverage improvement, based on the Rel-12 low complexity UE category/type. As described in the WID, for both low complexity and coverage improvement,
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
This contribution gives some update on [2], and continues to discuss the design of PUCCH, considering the new WID and the agreements / working assumptions of the Rel-12 work item.
Discussion
Impact of bandwidth reduction
As described in the WID, for the new Rel-13 low complexity UE category/type MTC UEs, 
· 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
If the UE has a reduced RF bandwidth as well as a reduced BB bandwidth, it is obvious that, if the system bandwidth is larger than 1.4MHz, the new type narrow band (NB) MTC UEs cannot operate in the normal way due to the inherently wideband nature of PUCCH. Some options on the possible PUCCH designs for NB MTC with narrow RF BW are given in [3]. We give our views on the possible PUCCH designs for narrow RF bandwidth MTC in the following. There are some similarities and difference compared to a MTC UE which has a wide RF and narrow BB, but still supports 1.4 MHz RF bandwidth.

Using legacy wideband PUCCH for narrow RF MTC UEs
This is illustrated in Figure 1. It means to reserve one slot for MTC UEs hopping from one edge to another, by transmitting a PUCCH first in only one slot in the first subframe, at one edge of the system bandwidth, and transmitting PUCCH secondly in one slot of the next subframe, at the other edge of the narrowband PUCCH resources. Of course, the retuning time can be more than one slot if needed. 


This solution is similar to legacy PUCCH operation, and can retain its frequency diversity. However, some disadvantages also need be considered:
· Additional PUCCH resources need to be configured for narrow RF MTC UE. The so-called legacy PUCCH resources in this solution cannot be multiplexed with legacy UEs, or it may cause a resource collision issue because of the time sequence change. If separate PUCCH resources are configured, the impact of retuning may need more evaluation.
· The issue of simultaneous transmission of PUCCH and PUSCH. If NB MTC UE supports transmitting PUCCH and PUSCH synchronously, the PUSCH for these UEs must also be scheduled at the edge of the system bandwidth contiguous with the  PUCCH region as shown in Figure 1. This may impose some scheduling restriction on eNB. On the other hand, if NB MTC UE doesn’t support transmitting PUCCH and PUSCH synchronously, this solution may cause more power consumption of NB MTC UEs, because they cannot transmit PUSCH in PUCCH subframes, and thus need stay in active state for longer to send the total of PUSCH and PUCCH.



[bookmark: _Ref409104165]Figure 1 Using adapted legacy PUCCH mechanism.

If we consider narrow BB MTC UEs with a wide RF, then the delay between the separate parts of PUCCH can be zero, assuming that PUSCH, if simultaneously present, hops in the same way as PUCCH. This could allow a PUCCH operation which is very similar to the present.












Designing new NB PUCCH for NB MTC UEs
Two potential structures for the new design NB PUCCH as following can be considered,
· Option 1: Reserve some PRBs for NB PUCCH at the edges of each MTC subband, as shown in Figure 2.



[bookmark: _Ref409184016]Figure 2 NB PUCCH structure 1
The number and the location of the MTC subbands, which each includes NB PUCCH resources, can be configured by the eNB independently according to the requirement, and may have limited specification changes since the PUCCH would still be at the edge of the band from the UE viewpoint. This structure may cause segmentation of the uplink resources, especially when the MTC subband is located not at the edge of the uplink system bandwidth. PUCCH will lose much of its frequency diversity gain based on this structure.
· Option 2: Reserve some contiguous PRBs, up to a whole 6 PRB narrowband, for one or more NB PUCCH, as shown in Figure 3
In this structure, the number of the location of the NB PUCCH can also be configured by eNB independently according to the requirement, and for less segmentation of uplink resources, the NB PUCCH can be located at the edge of the uplink system bandwidth. There is no necessity to have NB PUCCH resources at each edge of the uplink system bandwidth as shown in the figure.
There are three realizations for this NB PUCCH structure,
· Relization1: transmitting PUCCH in two slots of each subframe, and hopping in two PRBs (figure A in Figure 3)
· Relization2: transmitting PUCCH in the same PRB in two slots of each subframe (figure B in Figure 3)
· Relization3: transmitting PUCCH only in one slot of each subframe (figure C in Figure 3)
The three realizations have all far less frequency diversity than legacy PUCCH, therefore more PUCCH repetitions may be needed. And the realization 3 may require the most PUCCH repetitions. Realizations 1 and 2 may have almost the same performance, but realization 1 may have less specification impact for keeping the hopping mechanism, the mapping of PUCCH can be done as in a 1.4MHz system.
Both option 1 and option 2 can be used regardless of the implementation option used for supporting 1.4 MHz RF bandwidth.


[bookmark: _Ref409184462]Figure 3 NB PUCCH structure 2
Proposal 1: For the new low complexity MTC UEs, separate PUCCH resources should be configured.  
· How to use the separate PUCCH resources is FFS.
· 
Necessity of PUCCH and UCI
The PUCCH or the new NB PUCCH for NB MTC UEs is used to carry uplink control information: SR, ACK/NACK for PDSCH, and CSI. Some working assumptions are given in RAN1#75 meeting,
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats)
This can be used as a starting point for coverage improvement R13 UEs.
This section analyzes the necessity of PUCCH for low complexity MTC UEs. Some analysis may the similar with the case in coverage improvement scenario.



SR
For bandwidth reduction, SR can be transmitted via PUCCH SR resource or by a random access procedure. However, the collision probability of random access would increase if each SR is replaced by a random access. 
ACK/NACK 
For bandwidth reduction and coverage improvement, if the functionality of physical layer HARQ and the corresponding ACK/NACK are eliminated, the RLC ARQ or application mechanism may be used to help to guarantee the correct transmission of PDSCH. However, a stricter initial BLER (e.g., 1% instead of 10%) for PDSCH should be required in order to avoid excessive retransmissions from the higher layers. The stricter initial BLER would consume more PDSCH resources, and the increased DL resource overhead may be larger than the UL resource for ACK/NACK transmission via PUCCH. Moreover, ACK/NACK may help to save PDSCH resources as it can stop retransmission when UE has correctly received the block. 
Therefore, considering ACK/NACK feedback on PUCCH is more efficiently than the feedback on PUSCH, ACK/NACK functionality of PUCCH should be preserved.
CSI 
CSI feedback is useful for MCS determination in the narrowband, and selecting narrowbands if such measurements are supported.

Proposal 2: The working assumptions for coverage extension are also applied to the low complexity case.
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats)

Conclusions
This contribution gives some discussion on the uplink control channel design, considering both of the new WID and the agreements / working assumptions of the Rel-12 work item. The following proposal and observations are presented:
Proposal 1: For the new low complexity MTC UEs, separate PUCCH resources should be configured.  
· How to use the separate PUCCH resources is FFS.

Proposal 2: The working assumptions for coverage extension are also applied to the low complexity case.
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats)
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