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1 Introduction

In RAN1#81 and RAN1#82, the following were agreed for PUCCH transmissions from Rel-13 low cost UEs.
RAN1#81 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.

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
· 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 considers some of the above and some additional FFS issues related to PUCCH transmissions from Rel-13 low cost UEs. Aspects related to frequency hopping (FH) are discussed in [1].
2 UCI on PUSCH or PUCCH  
HARQ-ACK 

Whether a UE in coverage enhanced (CE) operation transmits “only ACK” or “only NACK” or “both ACK and NACK” is considered in [2]. Although similar principles can apply for the HARQ-ACK transmission from the eNB to the UE, there are some operational differences [8]. 
For HARQ-ACK multiplexing in PUSCH, since HARQ-ACK feedback consists of a single HARQ-ACK bit, existing PUSCH resources (4 symbols around the 2 DMRS) are sufficient. The link budget difference for HARQ-ACK transmission between PUCCH and PUSCH is ~4 dB (3 symbols per slot used to transmit HARQ-ACK/RS on PUSCH vs. 7 symbols per slot on PUCCH). This difference can be absorbed in the >2x repetitions required for PUSCH transmission over PUCCH Format 1a transmission (e.g. maximum required CE is 11.5 dB for PUCCH format 1a and 18 dB for PUSCH). Otherwise, if HARQ-ACK multiplexing in the PUSCH is not supported, whenever a UE needs to transmit HARQ-ACK and data in a same subframe, the UE will need to drop PUSCH in order to transmit HARQ-ACK in the PUCCH. Such collisions can occur for SPS PDSCH and SPS PUSCH in general and for dynamic PDSCH and PUSCH transmissions without repetitions (as in legacy operation for non power limited UEs).
To reduce UE power consumption, it is preferable to have a single transmission for data and HARQ-ACK and allow a network to target scheduling so that HARQ-ACK and data are multiplexed (or not multiplexed) in the PUSCH. This is because the number of “HARQ-ACK + data” repetitions in PUSCH can be less than the number of PUCCH repetitions and the number of data-only PUSCH repetitions (as the DMRS can be re-used for both HARQ-ACK and data). 

Proposal 1: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  
SR
The PUCCH transmission pattern for SR can be the same as for HARQ-ACK (single design). For UEs operating with CE and transmitting only ACK or NACK, SR and HARQ-ACK transmissions can be configured the same number of repetitions and it can be possible for a UE to jointly transmit HARQ-ACK and SR without resource selection (i.e. using a PUCCH resource for HARQ-ACK) [2]. 
Proposal 2: SR transmission from Rel-13 low cost UEs uses the same PUCCH transmission pattern as HARQ-ACK transmission. Transmissions of HARQ-ACK and SR can be multiplexed in the same subframes.

CSI 

P-CSI feedback, when supported, can be up to the eNB to configure. Larger periodicities than existing ones can be introduced for Rel-13 low cost UEs. A-CSI feedback in the PUSCH (likely to be an “A-CSI only” PUSCH) may require a different number of repetitions than data transmission as the A-CSI BLER is typically around 1% and the data BLER is typically 10% while the number of A-CSI information bits can be comparable to the number of data information bits. Further discussion is needed on the CE levels required for A-CSI feedback and on the A-CSI feedback payloads.  
CQI feedback for sub-band (narrow-band) selection, in case of a limited/no mobility Rel-13 UE operating with CE, can be beneficial in order for the eNB to select a sub-band where the UE experiences large SINR and, instead of FH, transmit all PDSCH repetitions in the same sub-band (long term PMI can be used). This can decrease the number of PDSCH/MPDCCH repetitions, improve DL spectral efficiency, and reduce UE power consumption.  

Proposal 3: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
3 PUCCH Transmission 
Frequency Hopping

For frequency (narrow-band) hopping, considering that a retuning delay is at most 2 symbols, in order to maintain a balanced allocation on both hopped narrow-bands and in order to not reduce the multiplexing capacity in case OCC is used, the first symbol should be the last one in the narrow-band before hopping and the second symbols should be the first one in the narrow-band after hopping.

Resource Determination

In Rel-12, a PUCCH format 1a resource associated with EPDCCH transmission in EPDCCH-PRB-set 
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 is determined as 
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 for distributed EPDCCH transmission and as 
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 for localized EPDCCH transmission [5]. For normal coverage, PUCCH format 1a transmissions from Rel-13 low cost UEs can share the same PUCCH resources as PUCCH format 1a/1b transmissions from Rel-12 UEs. Nevertheless, especially for cross-subframe scheduling, the ARO field in the DCI format for Rel-13 low cost UEs does not assist in resource collision avoidance between a PUCCH Format 1a transmissions from Rel-13 low cost UEs and legacy UEs and such collision avoidance can rely on the ARO field in the DCI formats for legacy UEs. Additionally, for PUCCH format 1a resource collision avoidance among Rel-13 low cost UEs, different  
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 can be used for different M-PDCCH PRB sets (or the scheduler can avoid resource collisions). A motivation for removing the ARO field from the DCI format for a Rel-13 low cost UE is to better align the size of the DL DCI format with the size of the UL DCI format [7]. 
Replacing the lowest ECCE index with the lowest PDSCH PRB index for Rel-13 low cost UEs in normal coverage does not provide any identifiable benefit as the narrow-band of MPDCCH transmission can be different than the narrow-band of PDSCH transmission and, due to the typically small unicast data TB sizes for Rel-13 low cost UEs particularly in the DL, PDSCH for normal coverage Rel-13 low cost UEs will typically only a few RBs. For low cost UEs in extended coverage, using the PDSCH narrow-band index can be considered as PDSCH will be transmitted over the whole narrow-band. However, MPDCCH will also be transmitted with a large ECCE aggregation level, potentially over the whole narrow-band if a 24 ECCE aggregation level is always used, and the required PUCCH resources are similar in both cases. For example, in case an MPDCCH transmission is always with repetitions, the network can set the 
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 value for respective MPDCCH PRB sets to differ by only by the PRB set index. 

Observation 1: There is no significant identifiable benefit from replacing the lower ECCE index of an MPDCCH transmission with a lowest PRB index or with a narrow-band index of an associated PDSCH transmission. 

4 Conclusions

This contribution considered UCI transmissions on PUCCH on PUSCH from Rel-13 low cost UEs and proposes the following.
Proposal 1: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  

Proposal 2: SR transmission from Rel-13 low cost UEs uses the same PUCCH transmission pattern as HARQ-ACK transmission. Transmissions of HARQ-ACK and SR can be multiplexed in the same subframes.

Proposal 3: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
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