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1. Introduction

In RAN1#82bis [1], followings are agreed regarding PUCCH for MTC UE:
	Agreement:

· LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH

Agreement:

· PUCCH resource determination for PUCCH under repetitions 

· The same PUCCH resources are used within each subframe of a PUCCH repetition within a narrowband

· In case of hopping, FFS how to determine the subsequent narrowband and the resource index for the subsequent narrowband

Agreements:
· For LC UEs and UEs operating CE, PUCCH formats 1/1a/2/2a are supported, and the PUCCH resource is derived the same way as in LTE Rel-12, except the following:

· The detailed implicit resource derivation for PUCCH format 1a is FFS

· FFS ARO for large CE
· FFS PUCCH format 1a under large CE

· FFS the association of the PUCCH formats with the CE mode

Agreement:
· For a UE transmitting PUSCH or PUCCH with repetitions, the PUSCH or PUCCH transmission power remains constant over X > 1 subframes.

· For small repetitions, the UE transmission power is determined at the first subframe among the X subframes. 

· For other repetition cases, 

· For PUSCH, the power is always Pcmax,c(i)

· Ask RAN4 whether or not Pcmax,c(i) can be a constant over X subframes. If not, a constant power based on Pcmax,c(i) is requested from RAN4 

· For PUCCH, FFS the power level

· FSS: the value(s) of X.

Agreement:
· At least for CE mode B, LC/CE UE does not support SRS transmission

· The following fields in cell-specific SRS configuration are broadcast to LC/CE UE:

· srs-BandwidthConfig
· srs-SubframeConfig
· ackNackSRS-SimultaneousTransmission 


This contribution continues to discuss issues on PUCCH for MTC UEs including PUCCH configuration, PUCCH resource mapping method, and power control. 
2. PUCCH configuration for Rel-13 low cost MTC UEs
It was agreed that starting offsets of the PUCCH resource(s) can be configured separately per PUCCH repetition level. In this case, PUCCH narrowband or PRB index can be derived by using the configured starting offset of PUCCH resource. 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. 
However, since starting offset of the legacy PUCCH resource will be always signaled, at least one (e.g. no repetition) starting offset needs to be signaled. If not, starting offset of legacy PUCCH resource can be set inefficiently in term of UL overhead to avoid PUCCH resource collision between legacy UE and large CE mode UE.
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. At least one starting offset needs to be signaled.
It is important to decide suitable PUCCH repetition level/number. 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. Basically, it would be necessary to configure the repetition number for each CE level of PUCCH transmission by using SIB. Then, the next step to select PUCCH CE level can be summarized as follows:

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

· Option 2: M-PDCCH indicates repetition level of the associated PUCCH transmission.

· Option 3: 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 would be inefficient for PUCCH repetition level determination. 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 3). To recover the case where channel is varying time to time, power control can be used depending on TPC at least for CE mode A. In case of CE mode B, the power level of PUCCH repetition can be set to always Pcmax,c(i) if possible as in PUSCH repetition. Though dynamic TPC is not desirable in CE mode B, some semi-static power setting on PUCCH depending on multiplexing can be also considered. 
Proposal 2: PUCCH repetition level can be determined by high layer signaling. 
Proposal 3: For CE mode B, dynamic TPC is not used for PUCCH power control. It is however possible to configure PUCCH power semi-statically via RRC signaling. If not configured, use PCmax, c(i). 
3. PUCCH resource mapping

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. Furthermore, according to the agreements related to frequency hopping for MTC PUCCH, the same PUCCH resources are used within each subframe of a PUCCH repetition within a narrowband, and PUCCH frequency location stays the same for at least X subframes. These design purposes can be simply satisfied by re-indexing PUCCH resource properly. For example as shown in Figure 1, PUCCH resource index can hop in every X subframes, and it stays the same for X subframes. .This X value will be cell-specific irrespective of the current PUCCH CE level. In addition, 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. In this case, depending on selected PUCCH resource index, PUCCH hopping process can be simplified.
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Figure 1: Example of MTC PUCCH resource mapping method.

Proposal 4: PUCCH resource index is hopped in every X subframes, and PUCCH resource index stays the same within X subframes. X is cell-specific value irrespective of PUCCH CE level. 
In details, PUCCH resource setting method can be separately defined for CE mode A and CE mode B. First of all, it is agreed that implicit PUCCH resource determination is used and the PUCCH resource is derived the same way as in LTE Rel-12 with some exceptions. In case of CE mode A, it seems straightforward to reuse the legacy behavior considering ECCE index, ARO, and semi-static offset for implicit PUCCH resource allocation. If two M-PDCCH in different narrowbands have the same ECCE index, PUCCH resource collision between them can be avoided by using semi-static offset and/or ARO. If there exists significant collision issues, it can be considered to additionally use narrowband index for PUCCH resource allocation. 
In case of explicit PUCCH resource allocation, it will be inefficient when the number of MTC UEs in the network is large. Multiple UEs can be allocated with the same PUCCH resource index, and then some UE cannot be scheduled to avoid PUCCH resource collision. If implicit mapping is used, unless narrowband index or PRB index of M-PDCCH scheduling or PDSCH is used, it becomes a bit difficult to avoid PUCCH resource collision as the starting ECCE may collide in many cases. Particularly, if there are different PDSCH with different number of repetitions scheduled, avoiding PUCCH resource may be more challenging. Therefore, ARO can be considered for PUCCH resource allocation for large CE to fully utilize resources for M-PDCCH scheduling. If ARO can be seen as too burden for M-PDCCH repetition, it can further considered to reduce the bit size of ARO field. 
Proposal 5: For both CE mode A and B, the PUCCH resource is derived the same way as in LTE Rel-12 EPDCCH. If necessary, narrowband index can be further considered for PUCCH allocation, and ARO bit size can be reduced. 
4. Shortened PUCCH format 
To protect legacy SRS transmission, it was agreed to signal legacy cell-specific SRS configuration to LC/CE UE including srs-BandwidthConfig, srs-SubframeConfig, and ackNackSRS-SimultaneousTransmission. Depending on MTC PUCCH configuration, it will be possible that PUCCH region is overlapped with cell-specific SRS bandwidth. In this case, PUCCH transmission overlapped with cell-specific SRS bandwidth can use always shortened PUCCH format irrespective of ackNackSRS-SimultaneousTransmission to avoid potential legacy SRS transmission. However, considering the case where MTC PUCCH transmission is multiplexed with legacy PUCCH transmission, it is necessary to consider ackNackSRS-SimultaneousTransmission to decide whether MTC PUCCH use shortened format or not. In these points of view, shortened PUCCH format for MTC UE can be used when (1) PUCCH region is overlapped with cell-specific SRS bandwidth, or (2) PUCCH region is not overlapped with cell-specific SRS bandwidth and ackNackSRS-SimultaneousTransmission is set to true. If MTC UE knows exact location of legacy PUCCH region, the condition to apply shortened PUCCH format can be further optimized, but it needs additional signalling overhead for MTC UEs. 
Proposal 6: Considering cell-specific SRS configuration, shortened PUCCH format for MTC UE can be used when

· MTC PUCCH region is overlapped with cell-specific SRS bandwidth, or

· MTC PUCCH region is not overlapped with cell-specific SRS bandwidth and ackNackSRS-SimultaneousTransmission is set to true. 

5. HARQ-ACK bundling
In TDD system, multiple DL subframes can be associated with a single UL subfame, and then to transmit multiple HARQ-ACK corresponding to multiple DL subframes with limited UL resource, HARQ-ACK bits can be bundled by using AND operation. Even if DL or UL transmission assumes repetition, this kind of process is still needed since bundling multiple HARQ-ACK bits is effective to reduce total number of repetitions. As unified solution, it is natural to assume HARQ-ACK bundling can be applied for TDD irrespective of PUCCH/PUSCH CE level. 
Proposal 7: HARQ-ACK bundling can be applied for TDD irrespective of PUCCH/PUSCH CE level.

6. Summary and conclusions

In this paper, we discussed transmission focusing on PUCCH 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. At least one starting offset needs to be signaled.

Proposal 2: PUCCH repetition level can be determined by high layer signaling. 

Proposal 3: For CE mode B, dynamic TPC is not used for PUCCH power control. It is however possible to configure PUCCH power semi-statically via RRC signaling. If not configured, use PCmax, c(i). 

Proposal 4: PUCCH resource index is hopped in every X subframes, and PUCCH resource index stays the same within X subframes. X is cell-specific value irrespective of PUCCH CE level. 

Proposal 5: For both CE mode A and B, the PUCCH resource is derived the same way as in LTE Rel-12 EPDCCH. If necessary, narrowband index can be further considered for PUCCH allocation, and ARO bit size can be reduced. 

Proposal 6: Considering cell-specific SRS configuration, shortened PUCCH format for MTC UE can be used when

· MTC PUCCH region is overlapped with cell-specific SRS bandwidth, or

· MTC PUCCH region is not overlapped with cell-specific SRS bandwidth and ackNackSRS-SimultaneousTransmission is set to true. 

Proposal 7: HARQ-ACK bundling can be applied for TDD irrespective of PUCCH/PUSCH CE level.
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