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1 Introduction

In RAN1#80bis, the following agreements were made with respect to UCI transmissions from Rel-13 UEs in normal and in coverage enhanced (CE) operation. 
Agreements:
· 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
· Further study is needed whether to share PUCCH resources with legacy UEs with the same PRB
This contribution considers remaining UCI transmission aspects for Rel-13 low cost UEs. 

2 UCI Transmission 
HARQ-ACK 

Whether a UE in coverage enhanced operation transmits “only ACK” or “only NACK” or “both ACK and NACK” is considered in [1].

For HARQ-ACK multiplexing in a PUSCH, since HARQ-ACK feedback from a Rel-13 low cost UE consists of a single HARQ-ACK bit, existing PUSCH resources 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 transmission for a given CE level (except possibly for the smallest data TBS). 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. 
From a UE power consumption standpoint, it is preferable to have a single transmission for data and HARQ-ACK and allow a network to actually target scheduling so that HARQ-ACK and data are multiplexed (or are 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. It is noted that it is generally possible for a UE to multiplex HARQ-ACK in a PUSCH transmitted with repetitions in case of SPS PDSCH and/or SPS PUSCH while, for coverage enhanced operation, this may not be possible for dynamically scheduled PDSCH and PUSCH. 
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 may even be possible for a UE to jointly transmit HARQ-ACK and SR without resource selection (i.e. using a PUCCH resource for HARQ-ACK) [1]. SR repetitions from UEs requiring different CE levels should not be multiplexed in a same PRB since, if synchronization is not perfect (zero timing difference), BLER can be severely degraded [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 subframe.

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% (the network may operate a data BLER even larger than 10% for coverage limited UEs) while the number of A-CSI information bits can be comparable to the number of data information bits. Further discussion is needed on the coverage enhancement levels required for A-CSI feedback and on the A-CSI feedback payloads.  
CQI feedback for sub-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 frequency hopping (FH), transmit all PDSCH repetitions in the same sub-band (long term PMI can be used). This can decrease the number of PDSCH/EPDCCH repetitions and therefore 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 
Using the Rel-12 PUCCH transmission pattern for a Rel-13 low cost UE would result in the PUCCH being transmitted in one of the lower/higher indexed RBs, within 6 consecutive RBs, in the first/second slot of a subframe. Due to the narrow transmission bandwidth, frequency diversity gains will be minimal and PUCCH BLER will degrade due to worse channel estimation. This in turn will lead to a larger number of repetitions and UE power consumption. Therefore, slot-based hopping should not be supported. Conversely, FH of PUCCH repetitions in RBs with large frequency separation offers at least 3 dB gains for target BLERs of 1% [3], reduces the required number of repetitions (at least by 2x), improves spectral efficiency and reduces UE power consumption. 
In addition to the gains from FH, improving channel estimation is crucial for obtaining expected SINR gains from repetitions. This is because for coherent demodulation, the effective SINR depends both on the DMRS SINR and the data SINR and improving only the latter by repetitions will result to a floor in SINR gains as the number of repetitions increase. Therefore, PUCCH transmission should enable inter-subframe DMRS filtering to improve channel estimation. 

The PUCCH transmission pattern in Figure 1 combines the benefits from both FH and inter-subframe DMRS filtering. The RBs of the PUCCH transmission in each slot can be separated by more than 4 RBs and can be either configured to or determined by the low cost UE according to a predetermined mapping. A switching subframe for frequency retuning, if needed, can be added. If a switching delay is in the order of one symbol, the last symbol prior to hopping can be used (similar to puncturing HARQ-ACK transmission in PUCCH due to SRS transmission).

[image: image1]
Figure 1: PUCCH Transmission with Repetitions from a Rel-13 Low Cost UE.

Proposal 4: A Rel-13 low cost UE that is configured to transmit PUCCH with repetitions, transmits first repetitions in a first RB and transmits the remaining repetitions in a second RB where the first RB and the second RB can be separated by more than 4 RBs.  

RBs for PUCCH transmission can be configured to a Rel-13 low cost UE by RRC signaling. PUCCH resources for different CE levels (different numbers of repetitions) should not be shared in a same RB in order to avoid near-far effects [2]. Given that HARQ-ACK transmission using PUCCH format 1a can be typically multiplexed by 18 UEs (or even 36 UEs) in a same RB and that EPDCCH/PDSCH transmissions for CE operation are expected to occupy 6 RBs, there can be a 1-to-1 association between groups of 6 RBs where the first M-PDCCH or PDSCH repetition is transmitted and the PUCCH resource in the respective RB for a given number of repetitions. Therefore, further compression of PUCCH resources is unnecessary and inclusion of the HARQ-ACK resource offset field in a compact DL DCI format can be avoided.
Proposal 5: A Rel-13 low cost UE is configured by RRC the RB(s) for PUCCH transmission and determines the PUCCH resource in the RB from the index of the set of 6 RBs where it receives the first repetition of the respective EPDCCH or PDSCH transmission.
In RAN1#80bis, multiplexing HARQ-ACK transmissions from legacy UEs and from Rel-13 low cost UEs was also discussed. For Rel-13 low cost UEs without coverage enhanced operation CDM is possible while for Rel-13 low cost UEs with coverage enhanced operation only TDM is possible. Considering the slot-based RB hopping of PUCCH transmissions from legacy UEs and the RB hopping per multiple subframes for Rel-13 low cost UEs in coverage enhanced operation, TDM of respective PUCCHs is only possible if the latter UEs transmit PUCCH only in one slot and suspend transmission in the other slot of a subframe. Whether such operation should be enabled, in addition to configuring separate RBs for PUCCH transmission, is FFS as it would lead to different implementations. 
Observation: Only TDM is possible for HARQ-ACK transmissions in PUCCH from legacy UEs and Rel-13 low cost UEs in coverage enhanced operation and intermittent, slot-based, PUCCH transmissions are required for the latter UEs.     
4 Conclusions

This contribution considered UCI transmission 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 subframe.

Proposal 3: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
Proposal 4: A Rel-13 low cost UE that is configured to transmit PUCCH with repetitions, transmits first repetitions in a first RB and transmits the remaining repetitions in a second RB where the first RB and the second RB can be separated by more than 4 RBs.  

Proposal 5: A Rel-13 low cost UE is configured by RRC the RB(s) for PUCCH transmission and determines the PUCCH resource in the RB from the index of the set of 6 RBs where it receives the first repetition of the respective EPDCCH or PDSCH transmission.
In addition, the following observation is made.

Observation: Only TDM is possible for HARQ-ACK transmissions in PUCCH from legacy UEs and Rel-13 low cost UEs in coverage enhanced operation and intermittent, slot-based, PUCCH transmissions are required for the latter UEs.     
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