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1. Introduction

In the email discussion followed by RAN1 #63bis meeting, power control for PUCCH format 3 and PUCCH format 1b with channel selection was discussed [1-4]. The following proposals were agreed:
· For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell, 
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, otherwise, 
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· For PUCCH format 3
· For PUCCH format 3 single RM coding without SORTD, 
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· For PUCCH format 3 signel RM coding with SORD, or PUCCH format 3 dual RM coding with/without SORTD, 
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· The parameter 
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 for PUCCH format 1b with channel selection and PUCCH format 3 are based on the number of received TBs
However, it can be noticed that the above definition of the parameter 
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is intended for LTE-A FDD and non-bundling case in LTE-A TDD. It is expected some form of ACK/NACK bundling will be applied in LTE-A TDD, which may result in different power requirement for reliable ACK/NACK transmission. Current definition of 
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is not always suitable and should be discussed further. In this contribution, we provide our views on the definition of 
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in LTE-A TDD. 
2. Discussion
2.1. 
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for PUCCH power control in Rel-10
According to the latest 36.213 specifications [5], 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 is defined by
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where 

· 
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 is a PUCCH format dependent value, where 
[image: image16.wmf]CQI

n

 corresponds to the number of information bits for the channel quality information. 
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 = 1 if subframe i is configured for SR for the UE, otherwise 
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=0.  If the UE is configured with one serving cell 
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 is the number of HARQ bits sent in subframe i. In the case where HARQ-ACK bundling is not applied, if the UE is configured with more than one serving cell, and if the UE receives a SPS release PDCCH in one of the subframes 
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 = (number of transport blocks received in subframes 
[image: image24.wmf]m

k

i

-

)+1.If the UE does not receive a SPS release PDCCH in one of the subframes 
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 = (number of transport blocks received in subframes 
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). For FDD, 
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. For TDD, values of 
[image: image30.wmf]M

, 
[image: image31.wmf]K

 and 
[image: image32.wmf]m

k

 are given in Table 10.1-1 in [5].
· For PUCCH format 1,1a and 1b 
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· For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell, 
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, otherwise, 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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· For PUCCH format 3
· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK
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· Otherwise
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The above specification of  
[image: image40.wmf]HARQ

n

 in 
[image: image41.wmf](

)

,,

CQIHARQSR

hnnn

 is not expected to be applied to LTE-A TDD bundling case. In addition, nothing is mentioned for PUCCH format 3 with dual-RM coding, which is specifically for large ACK/NACK payload feedback in LTE-A TDD.
2.2. The definition of parameter 
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For LTE-A TDD, it has been agreed that ACK/NACK bundling can be applied when the number of DL transmit block associated with a single UL subframe is too large to use either PUCCH format 1b with channel selection or PUCCH format 3. Accordingly the required PUCCH transmit power can be reduced along with the reduced ACK/NACK payload size, rather than to be determined based on the number of received TBs.
For PUCCH format 1b with channel selection:

· When UE is configured with more than one serving cell, time domain bundling is applied for ACK/NACK feedback. Because ACK/NACK can be bundled to 2 bits for each serving cell, the parameter 
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can be equal to 2 or 4.

· if the UE receives a SPS release PDCCH in one of the subframes 
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, UE doesn’t receive PDSCH of SCC, or if the UE doesn’t receive a SPS release PDCCH in one of the subframes 
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The parameter 
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can be equal to 2.
· UE  receives PDSCH of SCC and a SPS release PDCCH in one of the subframes 
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The parameter 
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can be equal to 4.
For PUCCH format 3:
· In case of spatial HARQ-ACK bundling is not applied:
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should be based on the number of received transport blocks and the number of received SPS release PDCCH in subframes 
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· In case of spatial HARQ-ACK bundling is applied:
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should be based on the number of received PDSCH and the number of received SPS release PDCCH in subframes 
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2.3. Some considerations of 
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 for format 3 in LTE-A TDD
Considering the application of dual RM coding scheme for format 3 if there are more than 11 bits UCI to be transmitted on PUCCH, the definition of 
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would be different between single RM and dual RM scheme.
· Single RM coding scheme 

 The parameter
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 is based on the number of received TB.
· Dual RM coding scheme

In this case, two ACK/NACK groups should be defined. However, the number of ACK/NACK in each group may not be the same. Considering the transmit power for the group with lager number of ACK/NACK, the parameter
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can be equal to
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 refers to the number of received TB in the ith ACK/NACK group if spatial bundling is not used, or the number of ACK/NACK bits after spatial bundling in the ith ACK/NACK group if the spatial bundling is used. 
For dual RM coding scheme, many segmentation methods were discussed in the previous meetings [6-7]. Generally, these segmentation methods try to divide the total number of ACK/NACK bits into two groups with the same number of ACK/NACK bits in each group. Thus, the current definition 
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may be used. However, there are still cases where the number of ACK/NACK bits in two ACK/NACK groups may not be equal, e.g. if UE is configured with transmission mode 9 on all serving cell, and only one TB with PDSCHs can be transmitted, thus the number of ACK/NACK bit in the first group will be much larger than the other group according to the ordering and segmentation of HARQ-ACK in [8]. Then the adoption of the definition 
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 is more reasonable in the dual RM coding scheme. In addition, the dynamic power adjustment through parameter
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 is more accurate than the semi-static approach via parameter
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will be changed according to the number of ACK/NACK bits, while 
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have to be signaled by higher layers.
3. Summary
In this contribution, we discuss the definition of parameter 
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for PUCCH power control for LTE-A TDD. In particular, we propose the following: 
For PUCCH format 1b with channel selection:

· When UE is configured with more than one serving cell, time domain bundling is applied for ACK/NACK feedback. Because ACK/NACK can be bundled to 2 bits for each serving cell, the parameter 
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can be equal to 2 or 4.

· if the UE receives a SPS release PDCCH in one of the subframes 
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, UE doesn’t receive PDSCH of SCC, or if the UE doesn’t receive a SPS release PDCCH in one of the subframes 
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The parameter 
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can be equal to 2.
· UE  receives PDSCH of SCC and a SPS release PDCCH in one of the subframes 
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The parameter 
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can be equal to 4.
For PUCCH format 3:
· In case of spatial HARQ-ACK bundling is applied:
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should be based on the number of received PDSCH.
In addition:
· Dual RM coding scheme
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,where 
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 refers to the number of received TB in the ith ACK/NACK group if   spatial bundling is not used, or the number of ACK/NACK bits after spatial bundling in the ith ACK/NACK group if the spatial bundling is used.
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