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1 Introduction

Enhancements for Carrier Aggregation (CA) to support up to 32 cells were endorsed in [1]. In general, due to the significant high number of aggregated cells, the amount of CSI feedback will be linearly increased. In RAN1#81 meeting, the following agreements/working assumptions were made,

Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 

In a companion contribution [2], various candidates for a new PUCCH format to support such large payload size are discussed and we propose to adopt Rel-12 PUSCH structure for this new PUCCH format. In a companion contribution [3], we provide our view on channel coding and RE mapping for the new PUCCH format based on PUSCH structure. Then, in this contribution, we further provide our views on power control for the new PUCCH format. The proper power control scheme actually has a close relation with coding and RE mapping scheme. 

2 Formula for PC
In legacy LTE system, PC procedure for PUCCH and PC procedure for PUSCH are defined in 36.213. In the following section, we review the existing PC procedures and further discuss the speciality of new PUCCH format. 

2.1 PC formula for PUCCH

If serving cell 
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is the primary cell, the setting of the UE transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i for serving cell [image: image3.wmf]c

 is defined by
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 is provided by higher layers. Each 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a.
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 is a PUCCH format dependent value, where 
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 corresponds to the number of information bits of CQI/PMI, 
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is one bit information of SR, 
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 is the number of HARQ-ACK bits sent in subframe i. 
Power control for the new PUCCH format could be based on the above PC formula. 
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 is PUCCH format dependent, so a new value and value range needs to be defined. 
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 is also PUCCH format dependent, so a new formula for 
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 should be defined too. Since UCI on the new PUCCH format may be of different UCI type which has different reliability requirement, multiple 
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 will need to be defined for the new PUCCH format accordingly. Another reason to have multiple 
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 is that the new PUCCH format may occupy different number of PRBs. 

2.2 PC formula for PUSCH

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell 
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, then the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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where,
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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is a parameter composed of the sum of a cell specific nominal component 
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 provided from higher layers for j=0 and 1 and a UE specific component 
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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, for each serving cell 
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, are computed as below. 
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for control data sent via PUSCH without UL-SCH data and 
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where 
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 is the number of code blocks, 
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 is the size for code block 
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, 
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 is the number of CQI/PMI bits including CRC bits  and 
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 is the number of resource elements determined as 
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 for control data sent via PUSCH without UL-SCH data and 
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 for other cases.
As discussed in [2], it is preferable that the new PUCCH format reuses the Rel-12 PUSCH structure. Accordingly, as further shown below, the Rel-12 PC formula defined for  UCI-only PUSCH can be directly re-used 
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 power offset can be separately configured for the PUSCH-based PUCCH than for the PUSCH, due to the generally different interference conditions. 
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is the number of PRB pairs for the PUSCH-based PUCCH format. 
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can further adjust the power based on spectral efficiency. Depending on UCI type on the new PUCCH format, 
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 accordingly. By 
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, the existing formula already accounts for various UCI types and different number of PRBs. FFS whether 
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 for a PUSCH-based PUCCH format are the same as for the conventional PUSCH as there is no reference to data transmission and HARQ-ACK multiplexing is likely to be different than in Rel-12. 

Proposal 1: PC for the new PUCCH format should consider the UCI types and number of PRB pairs.
3 Impacts of coding/RE mapping scheme
As discussed in [3], UE may transmit HARQ-ACK and P-CSI on all PRB pairs of both configured PUCCH for P-CSI and the dynamically indicated PUCCH for HARQ-ACK by ARI, or UE may transmit on only one PUCCH. The above number of PRB pairs for UCI transmission is used in PUCCH based PC or PUSCH based PC in section 2. 

As discussed in [3], basically joint coding and separate coding can be considered to encode multiple UCI types in a subframe. The power control needs to be done accordingly. 

If all UCI bits in a subframe are jointly coded and mapped to coded symbols of the new PUCCH format, PC is based on total number of UCI bits. Further, as for HARQ-ACK and P-CSI joint coding in PUCCH Format 3 in Rel-12, all UCI bits can be assumed as being of the UCI type with highest reliability requirement among all reported UCI types. 
If separate coding is used for each UCI type in the new PUCCH format, a transmit power could be calculated taking into account each different UCI type. For example, if the different UCI types are transformed into an equivalent bit number of a single UCI type, then PC can done based on the single UCI type. Alternatively, PC could be done based on one UCI type, e.g. HARQ-ACK, which is similar to PC scheme for A-CSI only transmission without UL data. It guarantees the performance of each UCI type when allocating coded symbols of PUCCH to a UCI type according to the respective target BLER. 

Observation 1: 

· If joint coding, PC is done based on total number of all UCI bits and the UCI type with highest reliability requirement; 

· If separate coding, PC is done by taking into account each different UCI type, or based on single UCI type, e.g. HARQ-ACK.    
4 Conclusions
In this contribution, we discuss power control for the new PUCCH format based on legacy PUCCH PC or legacy PUSCH PC, and discuss the impact of joint coding/RE mapping and separate coding/RE mapping on PC functionality. We make the following observation and proposal. 

Observation 1: 

· If joint coding, PC is done based on total number of all UCI bits and the UCI type with highest reliability requirement; 

· If separate coding, PC is done by taking into account each different UCI type, or based on single UCI type, e.g. HARQ-ACK.    
Proposal 1: PC for the new PUCCH format should consider the UCI types and the number of PRB pairs.
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