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1. Introduction

In RAN1#82 [1], followings are agreed regarding PUCCH and UCI for MTC UE:
	Agreements:

· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level

· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)

· FFS whether or not to have default value(s) for some repetition level(s)

· FFS how to determine a PUCCH repetition level for a UE

Agreements:

· At least for Rel-13 low complexity MTC UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. 

· FFS the details

· For UEs operating coverage enhancement for PUCCH
· Slot-level hopping across narrowbands is not supported.




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
In the last meeting, it was agreed that starting offsets of the PUCCH resource(s) can be configured separately per PUCCH repetition level. If we consider that the starting offsets should be always signaled, then its signaling overhead can be burden. Instead, it can be considered to introduce default setting for the starting offsets for each repetition level to save signaling overhead. Conservatively, the default setting for the starting offsets can be designed to avoid potential near-far problem. For instance, starting offset for each CE level can be defined to be mapped on different PRB. In this case, if eNB want to overlap PUCCH regions for different CE levels, starting offsets for each CE level can be signalled. 
Proposal 1: Starting offsets of the PUCCH resource(s) for each CE level can have default setting to save signaling overhead. By default, PUCCH resource per each coverage level is mapped to different PRB. 
It is important to decide suitable PUCCH repetition level. If the repetition level is set to too high, UL resource cannot be utilized efficiently. Otherwise, due to the lack of HARQ-ACK information, eNB could not perform efficient scheduling. Simply, PUCCH repetition level can be determined by following options:

· Option 1: PUCCH repetition level is depending on repetition level/aggregation level of the associated M-PDCCH transmission.

· Option 2: PUCCH repetition level is depending on repetition level of the associated PDSCH transmission.
· Option 3: M-PDCCH indicates repetition level of the associated PUCCH transmission.

· Option 4: PUCCH repetition level is high-layer signaled. 

Since it is not always guaranteed that DL and UL channel condition and/or interference environment is the same, both Option 1 and 2 would be inefficient for PUCCH repetition level determination. For example, the network may reduce the number of M-PDCCH/PDSCH repetition number via power boosting at one point. Option 3 can be used to change the PUCCH repetition level dynamically with the expense of DCI signaling overhead. Depending on the variation on the wireless channel condition, Option 3 can be effective. Though, given that feedbacks would be rather limited, the benefit of dynamic change of PUCCH transmission is not clear. In case of Option 4, it will be suitable when the wireless channel condition is changing slowly. In MTC environment, it is expected in general that channel variations would not be considerable. In this point of view, we prefer that PUCCH repetition level is high-layer signaled (Option 4). To recover the case where channel is varying time to time, power control can be used depending on TPC for normal and small coverage cases. For other coverage cases, TPC can be used to update PUCCH repetition level. In terms of repetition level configuration, handling of different PUCCH format needs to be addressed. One simple approach is to configure repetition level based on PUCCH format 1a, then other PUCCH format may adjust its repetition level according to a predefined function, or different power may be used in each PUCCH format. 
Proposal 2: PUCCH repetition level can be determined by high layer signaling. For large repetition level, TPC can be further used to update PUCCH repetition level.  
3. PUCCH resource mapping

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 is agreed that implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. In this case, the concept of ARO (AN resource offset) can be reused to efficiently handle the cases where MTC PUCCH collides with legacy PUCCH based on (E)CCE or PUCCH associated with different DL narrowband [2]. Depending on whether M-PDCCH region (e.g. PRB) is defined within narrowband or across overall system bandwidth, the current range of ARO (e.g. 0, -1, -2, 2) would not be enough. In this case, it can be considered to extend the range of ARO values. Alternatively, other parameter (e.g. the lowest PRB where PDSCH has been transmitted or M-PDCCH has been configured) can be additionally considered for implicit PUCCH resource mapping as well as the lowest (E)CCE index. 
Depending on PUCCH configuration, PUCCH regions for different PUCCH repetition level can be separated. In means that PUCCH resource mapping should consider the PUCCH repetition level. In this point of view, it will not be effective that PUCCH resource is determined based on only explicit signaling especially for the case where PUCCH repetition level can be varying. In addition, for large coverage cases, 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. 
Proposal 3: Consider extending ARO for more flexibility. To minimize collision from scheduling from multiple narrowbands of M-PDCCH, consider PUCCH resource selection based on narrowband index of M-PDCCH and ECCE index.  
4. 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. 
5. 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 enhancement mode, power control can be performed in a unit of multiple subframe considering frequency hopping pattern and variation on Pcmax or (A-)MPR. 
6. 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: Starting offsets of the PUCCH resource(s) for each CE level can have default setting to save signaling overhead. By default, PUCCH resource per each coverage level is mapped to different PRB. 
Proposal 2: PUCCH repetition level can be determined by high layer signaling. For large repetition level, TPC can be further used to update PUCCH repetition level.  
Proposal 3: Consider extending ARO for more flexibility. To minimize collision from scheduling from multiple narrowbands of M-PDCCH, consider PUCCH resource selection based on narrowband index of M-PDCCH and ECCE index.  

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 enhancement mode, power control can be performed in a unit of multiple subframe considering frequency hopping pattern and variation on Pcmax or (A-)MPR. 
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