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1. Introduction 
In RAN1#80bis, the following was agreed on PUCCH:

· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured, 

· ACK/NACK and SR over PUCCH is supported.
· Periodic CSI feedback over PUCCH is supported
· FFS on details
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 
· HARQ-ACK and SR over PUCCH is supported
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
· For Rel-13 low complexity MTC UEs,

· For PUCCH structure, 

· FFS: Slot-based frequency hopping within a narrow band

· FFS: How to derive PUCCH resource

· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell

· FFS on the details

· For UEs operating in enhanced coverage, 
· Repetition of PUCCH across multiple subframes is supported

· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern
· FFS on configurability of frequency hopping

It is also observed that:

· Further study is needed whether to share PUCCH resources with legacy UEs with the same PRB
This contribution discusses some aspects of PUCCH for LC-MTC UE.
2. Discussion
2.1 PUCCH

In the current system, PUCCH resource is located at the two edges of the system bandwidth with frequency hopping within a subframe as shown in Figure 1.  For LC-MTC UE, such inter-slot frequency hopping for PUCCH would require subband switching within a subframe, which may not be feasible depending upon the time for frequency retuning.  
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Figure 1: PUCCH frequency hopping within subframe

For LC-MTC, one possibility is to define two PUCCH regions that are sufficiently separated in frequency similar to current system but without any inter-slot frequency hopping as shown in Figure 2.  Frequency diversity can be achieved between PUCCH transmissions.  The PUCCH resources can be indexed and implicitly indicated by the index of the lowest ECCE of the EPDCCH used to schedule the PDSCH. 
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Figure 2: PUCCH for LC-MTC

Proposal 1: For LC-MTC UE, at least two PUCCH regions separated in frequency are defined.
The number of repetitions needed is not expected to be very large, e.g. 8 repetitions using Format 1A for 15 dB extension [2].  However, it is still beneficial that the number of repetitions can be adjusted based on coverage level either semi-statically or dynamically.

Proposal 2: At least semi-static configuration of the number of PUCCH repetitions should be supported.
If PUCCH repetition is configured, frequency diversity can be achieved within a single PUCCH transmission, since PUCCH in some subframes will be in one PUCCH region and PUCCH in other subframes will be in the other PUCCH region. 

If it is desired to multiplex the LC-MTC PUCCH with legacy PUCCH, one possibility could be for the LC-MTC PUCCH transmissions to use only one slot in each subframe, with frequency hopping between subframes to achieve diversity, as shown in Figure 3. This would both enable multiplexing with legacy PUCCH and provide at least 0.5ms retuning time for the LC-MTC UEs. 
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Figure 3: LC-MTC PUCCH multiplexed with legacy PUCCH

In [3] it is proposed that PUCCH format 2 to carry data bits.  Since PUCCH format 2 is capable of carrying only 20 bits which have limited application.  In order to carry more than 20 bits, multiple PUCCH (up to 6 PUCCH) needs to be transmitted.  Transmitting multiple PUCCH would break the single-carrier property and may result in high CM, which needs to be evaluated.  Even if multiple PUCCHs can be transmitted, it is still limited to 120 bits (20 bits × 6 PRBs).   Hence for larger TBS, PUSCH would need to be used.  The eNB and UE would have to perform two different types of decoding/encoding processes for the same function, which would increase complexity in testing and implementation.  Furthermore unlike PUSCH, PUCCH does not have CRC which would make it difficult for eNB to determine the validity of the content.  It should be appreciated that unlike unicast data, the CSI encoding has sufficient hamming distance between different values to reduce probability of wrong detection.
Proposal 3: PUCCH based transmission for UL-SCH is not used for LC-MTC UEs.

In [4], it is proposed to introduce new CQI entries for LC-MTC UE and UE in coverage enhanced mode.  CQI is useful for eNB to determine the appropriate MCS in scheduling data and it is generally assumed that the CQI determination is sufficiently accurate.  However, in coverage enhanced mode, the CQI may not be accurate due to the poor channel condition.   The usefulness of such report is therefore dubious.  However, it is still beneficial for the eNB to know even at a coarse level the radio condition of the LC-MTC UE in order for it to determine the coverage level for that UE.  The UE can determine its coverage level that it should be in based on the number of repetitions it required to receive a downlink transmission (e.g. PDSCH).  Such reporting can be triggered by eNB or it can be event triggered, e.g. when there is a potential coverage level change.  Whether CQI is the best way to indicate UE’s coverage level or other indication is FFS.
Proposal 4: LC-MTC UE in coverage enhanced mode should be able to indicate its appropriate coverage level.
For normal coverage, a set of subband (which can be a subset of subbands in the system bandwidth) can be defined and signalled to the LC-MTC UE to perform CSI measurements.  Measurement opportunities can be defined for LC-MTC UE to perform the CSI measurements on the subbands defined in this set.  The UE may measure one or multiple of these subbands in each measurement opportunity.  The periodicity of the measurement opportunity can be configurable. To reduce the control signalling, a sequence can be used to determine which subband is to be measured in the specific subframe. 
Proposal 5: For normal coverage, define a set of subbands for LC-MTC UE to perform CSI measurement.

Proposal 6: For normal coverage, define CSI measurement opportunities for UE to perform CSI measurements.
2.2 PHICH

In the WID [1], one objective is to define HARQ for PUSCH and hence some form of acknowledgement is required.  Furthermore such acknowledgements would be useful for early termination of long PUSCH repetitions.  During the SI phase for MTC [2], it was concluded that PHICH enhancement is not required since ACK/NACK can be provided in an adaptive manner.  During the Rel-12 WI phase, it was argued that adaptive HARQ using EPDCCH would consume significantly more resources [5] & [6] and hence repetition of PHICH is beneficial.  However, the PHICH resource is dependent upon the PUSCH used by the UE and the repetitive samples of PHICH may collide with other PHICHs (especially for normal UE).  Avoiding such collisions would lead to significant complexity at the eNB scheduler.

If ACK/NACK for non-adaptive retransmission of PUSCH is deemed useful, it would be easier to provide ACK/NACK via the EPDCCH, where the resource is not dependent upon the PUSCH resource.  The DCI carrying this ACK/NACK can be compacted to reduce the overhead.

Proposal 7: PHICH is not used to support CE-MTC UE operating in coverage enhanced mode.

Proposal 8: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in EPDCCH.
3. Conclusion

In this contribution we have discussed some considerations for PUCCH & PHICH.  We propose:

Proposal 1: For LC-MTC UE, at least two PUCCH regions separated in frequency are defined.
Proposal 2: At least semi-static configuration of the number of PUCCH repetitions should be supported.
Proposal 3: PUCCH based transmission for UL-SCH is not used for LC-MTC UEs.

Proposal 4: LC-MTC UE in coverage enhanced mode should be able to indicate its appropriate coverage level.

Proposal 5: For normal coverage, define a set of subbands for LC-MTC UE to perform CSI measurement.

Proposal 6: For normal coverage, define CSI measurement opportunities for UE to perform CSI measurements.
Proposal 7: PHICH is not used to support CE-MTC UE operating in coverage enhanced mode.

Proposal 8: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in EPDCCH.
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LC-MTC PUCCH transmission across 2 sub-frames with inter-subframe frequency-hopping and a transmission gap for retuning
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