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1. Introduction

In RAN1#81 [1], followings are agreed regarding PUCCH and UCI for MTC UE:
	Agreements:

· For Rel-13 low complexity MTC UEs and UEs operating coverage enhancement for PUCCH
· Both slots in a subframe are used for transmission of a PUCCH.

· At least for system BW>6RBs, slot-based hopping {within a narrowband and within a subframe} is not supported.

· MTC SIB indicates at least two PUCCH narrowband regions for MTC 

· FFS whether or not the indication is per CE level or the same for all CE levels

· The PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH

· The multiplexing between PUCCH resources in the same PRB for Rel-13 low complexity UEs and legacy UEs is not prohibited

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot

· FFS: How to determine PUCCH repetition resources for Msg4 feedback.




This contribution continues to discuss issues on PUCCH and UCI for MTC UEs including PUCCH configuration, PUCCH resource mapping method, and power control. 
2. Configuration of PUCCH narrowband regions
Since a low complexity UE’s UL bandwidth is also restricted to 1.4MHz, PUCCH resource and transmission mechanism may need to be changed. There are a couple of considerations to determine PUCCH resource and transmission method. First of all, impact on PUSCH resource allocation (for contiguous/non-contiguous RB allocation) for legacy UEs needs to be considered. To minimize the impact on PUSCH scheduling for legacy UEs, PUCCH resource for a low complexity UE may be placed close to PUCCH resource for legacy UEs. In this case, for flexibility, it can be considered that narrowband for PUSCH and PUCCH transmission can be separated in Rel-13 MTC. 

Proposal 1: It can be considered to separate narrowband for PUCCH and PUSCH, and PUCCH region can be set to close to legacy PUCCH region. 
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Figure 1: Example of configuration of PUCCH region.
For coverage enhancement mode, it can be considered that PUCCH regions are separately configured per CE level. The received power difference between low CE level and high CE level can be high enough to have near-far problem. In this case, it would be better to have different PUCCH regions for each CE level to achieve reasonable PUCCH detection performance. Otherwise, eNB can control whether PUCCH regions for different CE level can be overlapped or not considering repetition number of each CE level. Even if PUCCH region is commonly configured for all CE level, near-far problem can be avoided by eNB scheduling considering PUCCH resource selection. However, it can reduce network flexibility in terms of resource utilization due to the scheduling restriction. Simply, PUCCH region can be configured in terms of narrowband indicator or PUCCH AN resource offset denoted by 
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, as in legacy PUCCH configuration. 
Proposal 2: PUCCH region can be separately configured per CE level. PUCCH regions setting can have following options:

· Indicate narrowband for each CE level,
· Configure PUCCH AN resource offset for each CE level.
In the last meeting, it was agreed to share PUCCH resource between MTC UE and legacy UE for network resource utilization efficiency. To share PUCCH region between legacy UE with slot hopping and MTC UE without slot hopping, it can be considered to modify PUCCH resource mapping for MTC UE to keep that two PUCCH resources for MTC UEs are fully overlapped with those of two legacy UEs. To do this, re-indexing or offset signaling for MTC PUCCH resource determination can be considered. Example of this mapping is shown in Figure 2 (b), which shows resource mapping in case frequency hopping across subframe occurs as well. In terms of resource index mapping, to minimize the impact on legacy PUCCH resource, it can be further considered to interlace the index so that when two consecutive PUCCH resources for a MTC UE are used, it will collide with two legacy PUCCH resources only.  
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Figure 2: Example of MTC PUCCH resource mapping method.

In details, PUCCH resource setting method can be separately defined for normal coverage case and coverage enhancement case. For normal coverage low-cost MTC UEs, it can be considered to introduce the concept of ARO (AN resource offset) for implicit PUCCH resource mapping or to allocate explicit PUCCH resource to MTC UEs to efficiently handle the cases where MTC narrowband PUCCH collides with legacy PUCCH based on (E)CCE or PUCCH associated with different DL narrowband [2]. 
In case of coverage enhancement mode, one PDSCH would be transmitted using all the resources in a narrowband to reduce the total number of repetitions for PDSCH transmission. In this case, it could be efficient to use the narrowband index containing PDSCH for implicit PUCCH resource setting method. The detailed PUCCH resource setting method for MTC CE UE can have following options: 
[Option 1: Cell-common semi-static offset + PDSCH narrowband index]
This approach would be simple and have marginal signalling overhead. However, since it is necessary to separate PUCCH region/resources for CE UEs and non-CE UEs, it would be inefficient in terms of network resource utilization. Furthermore, depending on PDSCH scheduling, collision on the same PUCCH resource corresponding to multiple PDSCH transmissions which are transmitted in the same narrowband in a different time with different CE level may occur. Therefore, it could have scheduling restriction for PDSCH considering its associated PUCCH CE level. 
[Option 2: PUCCH CE level-specific offset + PDSCH narrowband index]
Depending on PUCCH CE level-specific offset, eNB can control multiplexing between PUCCH with different CE levels. This approach still need to separate PUCCH region/resources for CE UEs and non-CE UEs.
[Option 3: UE-specific semi-static offset + dynamic offset indicated by DCI]
Using dynamic offset, it would be possible to share PUCCH region/resource for CE UE and non-CE UE, therefore, this approach seems to be attractive in terms of network flexibility and resource utilization efficiency. However, Due to the dynamic offset indication in DCI, it can increase control signalling overhead. 
[Option 4: UE-specific semi-static offset + PDSCH narrowband index + PDSCH CE level signalled in DCI]

Even if PDSCH with different CE levels are sequentially transmitted, it can be avoided that PUCCH resources are collided each other by considering repetition level for PUCCH resource mapping. This approach needs to separate PUCCH region/resources for CE UEs and non-CE UEs.
Proposal 3: It is necessary to carefully design PUCCH resource setting method for MTC CE UEs considering possible events relevant to PDSCH and PUCCH (including narrowband, CE level, HARQ timing), signaling overhead, and network resource utilization efficiency. 
3. Simultaneous transmission of PUCCH and PUSCH
Basically, our view is to support separate configuration of narrowband for PUCCH and PUSCH for MTC UEs, it seems trivial not to support simultaneous transmission of PUCCH and PUSCH. Even if it is allowed to share narrowband for PUCCH and PUSCH, for coverage enhancement UE, it seems not preferable to transmit PUCCH and PUSCH in a subframe simultaneously since UE would be in power limited case in general. For instance, if UE transmit PUCCH repetition with transmit power close to Pcmax, it seems not enough power to allocate PUSCH transmission during PUCCH repetition. Even for normal coverage case, it is not expected to allow non-contiguous resource allocation for low complexity UE. In that point of view, PUCCH/PUSCH simultaneous transmission is not supported for Rel-13 MTC UE. 
Proposal 4: Simultaneous transmission of PUCCH and PUSCH is not supported in Rel-13 MTC for both normal coverage UE and coverage enhancement UE. 
4. Power control for coverage enhancement

The legacy power control formula will be performed subframe by subframe, while physical channels for MTC CE UE can consist of multiple subframes. In this case, it seems not trivial to apply the legacy power control mechanism to MTC CE UE directly. 
Simply, it can be considered to perform power control in every subframe to reuse the legacy formula. However, since it allows power variation across subframes within a repetition bundle, it would not be efficient to support for cross-subframe channel estimation. As a result, it can require excessive number of repetition to achieve acceptable detection performance. According to LS from RAN4 [3], phase discontinuity may occur if the transmission power change over subframes. Thus, to support cross-subframe channel estimation, some considerations to maintain the same power over multiple subframes would be necessary.
It can be considered to perform power control once per repetition bundle. If the repetition number is too large, its power control would be inefficient since interference level can be varying within a repetition bundle. Furthermore, maximum UE transmit power, denoted by Pcmax, can be varying subframe by subframe due to changes on (A-)MPR value. For example, if frequency hopping is applied to PUSCH repetition, (A-)MPR value can be changed when frequency location of PUSCH is changed. To alleviate this situation, it can be considered to carry out power control every M subframe considering frequency hopping pattern. For example, if UE try to perform power control when it starts frequency hopping, UE can calculate suitable value of MPR and/or Pcmax. Moreover, if the unit of hopping pattern is multiple subframe, UE transmit power can be preserved in multiple subframes, then cross-subframe channel estimation can be used to reduce repetition number. 
Proposal 5: For coverage enahcment mode, power control can be performend in a unit of multiple subframe considering frequency hopping pattern and variation on Pcmax or (A-)MPR. 
5. Summary and conclusions

In this paper, we discussed transmission focusing on PUCCH and UCI for Rel-13 MTC UEs. The followings summarize our proposals.
Proposal 1: It can be considered to separate narrowband for PUCCH and PUSCH, and PUCCH region can be set to close to legacy PUCCH region. 
Proposal 2: PUCCH region can be separately configured per CE level. PUCCH regions setting can have following options:

· Indicate narrowband for each CE level,

· Configure PUCCH AN resource offset for each CE level.
Proposal 3: It is necessary to carefully design PUCCH resource setting method for MTC CE UEs considering possible events relevant to PDSCH and PUCCH (including narrowband, CE level, HARQ timing), signaling overhead, and network resource utilization efficiency. 
Proposal 4: Simultaneous transmission of PUCCH and PUSCH is not supported in Rel-13 MTC for both normal coverage UE and coverage enhancement UE. 
Proposal 5: For coverage enahcment mode, power control can be performend in a unit of multiple subframe considering frequency hopping pattern and variation on Pcmax or (A-)MPR. 
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