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1 Introduction
The different types of feedback information on the physical uplink control channel, PUCCH, include subbands CQI Information, MIMO Rank, MIMO Antenna/Layer selection, MIMO precoding and ACK/NACK for downlink data transmission. When the bits required for these different control information are added up, the total number of bits becomes significant. It is therefore, important to minimize the overhead as much as possible and try to use efficient techniques for transmission of control information. In this paper, we discuss a few approaches and formats to uplink data-non-associated control signaling transmission.
2 Uplink Control Signaling
We describe a scheme that jointly code different types of feedback from the UE as shown in Figure 1. The Format field indicates the length of each field and also if a given field is present or not. 
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Figure 1: UE Feedback information coded jointly

When different types of information is coded together, it is also possible to transmit the control information more efficiently as shown in Figure 2 where rank and selected layers information is combined into a single field. A total of 4-bits feedback (4+6+4+1=15 combinations) is provided for MIMO rank and layer selection indication for the case of 4 transmit antennas MIMO transmission.
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Figure 2: Rank and Selected Layers (RSL) Indication

An example of the PUCCH formats is shown in Table-I. A total of 5 payload sizes namely 60, 43, 36, 27 and 16 bits is defined. We assumed that UE provides feedback assuming 1, 5 or 10 subbands over the total bandwidth defined. The control channel number 1 allows carrying subband CQI and subband based MIMO precoding information for the case of 10 subbands. Note that we assume that MIMO rank information is common across the subbands. The control channel number 2 allows carrying subband CQI but no MIMO information for the case of 10 subbands.  The control channel number 3 allows carrying MIMO information for the case of 10 subbands but no CQI information.  A UE may transmit control channel 2 and 3 alternatively to provide the Node-B information on both subband CQI and subband-based precoding. A 1-bit Format indication tells the Node-B which information is carried at a given time. This alternative transmission of control channel 2 and 3 allows UE to transmit at a lower power compared to the case where UE uses control channel number 1 for transmission of both subband CQI and subband precoding information. The Node-B does not need to blindly decode between control channel 2 and 3 because of the presence of 1-bit format indication.
The control channel number 4 is used when UE feedbacks subband CQI but common MIMO percoding information for the case of 10 subbands but no CQI information.  The control channel number 7 with the same payload size is used when UE feedbacks subband CQI and also subband-based MIMO precoding MIMO information for the case of 5 subbands.  A 1-bit format indicator differentiate between channel number 4 and 7.
The control channel number 5, 6, 8 and 9 have the same 27 bits payload size and are differentiated by a 2-bit format indicator field. The control channel number 5, for example, is used when UE feedbacks average CQI and common precoding which is effectively a single subband/whole RBs case. 

The remaining 2 control channels namely control channel number 10 and 11 are used for average CQI feedback and no MIMO precoding feedback. The difference between control channel number 10 and 11 is that 10 does not carry an ACK/NACK field. The channel number 11 carries a 2-bit ACK/NACK filed and a reduced granularity 3-bit CQI field. Both the control channel carries a total of 16 bits.
It is also possible to add other fields in the PUCCH such as uplink resource requests etc. creating additional PUCCH formats. Also, when ACK/NACK is not expected, the 2-bits ACK/NACK field can be used for other purposes such as sending resource requests etc. Similarly, when 2-Tx antenna MIMO is used MIMO rank and layer selection field only requires 2-bits and therefore the remaining 2-bits can be used for other types of uplink feedback or making more bits available to some of the fields such as CQI field.
Table I: Uplink control channel formats

	 
	Control channel number
	Format
	Subbands CQI
	MIMO Rank and selected Layers
	MIMO Precoding
	ACK/NACK
	Reserved
	CRC
	Total bits

	Subband CQI and Subband precoding [10 subbands]
	1
	0
	25
	4
	20
	2
	1
	8
	60

	Suband CQI and no MIMO information [10 subbands]
	2
	1
	25
	0
	0
	2
	0
	8
	36

	MIMO and ACK/NACK (No-CQI information) [10 subbands]
	3
	1
	0
	4
	20
	2
	1
	8
	36

	Suband CQI and Common precoding [10 subbands]
	4
	1
	25
	4
	3
	2
	0
	8
	43

	Average CQI and common precoding [1 subband]
	5
	2
	5
	4
	3
	2
	3
	8
	27

	Average CQI and no (fixed) precoding [1 subband]
	6
	2
	5
	4
	0
	2
	6
	8
	27

	Suband CQI and Subband precoding [5subbands]
	7
	1
	15
	4
	10
	2
	3
	8
	43

	Suband CQI and no MIMO information  [5 subbands]
	8
	2
	15
	0
	0
	2
	0
	8
	27

	MIMO and ACK/NACK (No-CQI information) [5 subbands]
	9
	2
	0
	4
	10
	2
	1
	8
	27

	Average CQI, no (fixed) precoding , no ACK/NACK
	10
	1
	5
	2
	0
	0
	0
	8
	16

	Average CQI (3-bits reduced granularity), no precoding, 2-bits ACK/NACK
	11
	1
	3
	2
	0
	2
	0
	8
	16


2.1 Channel coding and modulation for PUCCH

The PUCCH is coded with a convolutional code as shown in Figure 3. It should be noted that coding shown in Figure 3 does not apply to ACK/NACK when transmitted separately. The coded information is punctured as necessary and modulated using QPSK modulation. The modulation symbols are mapped to physical resources.
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Figure 3: PUCCH modulation and coding
2.2 PUCCH blind decoding

Node-B can configure what PUCCH channel numbers a UE can use. In case Node-B allows a UE to use all the possible PUCCH formats, a total of 5 blind decodings for the 5 payload sizes are necessary at the Node-B. A total of 11 different PUCCH actual formats are supported, however, some of the formats are differentiated using the 1 or 2-bit Format field and hence do not require additional blind decodings.
It should be noted that when ACK/NACK is jointly coded with other information, upon CRC failure, Node-B should interpret any ACK/NACK transmitted at that time as a NACK signal.
2.3 Control channel structure
In the RAN1#47bis meeting in Sorrento, it has been decided that each frequency resource for uplink control channels is a multiple of 12 subcarriers (consisting of an upper and/or a lower part within the slots of one subframe). Different cyclic shift of a base Chu sequence is used for CDM of different UEs in a same RU, as illustrated in [1] and [2]. Then, at the maximum, 12 modulation symbols can be carried in a control channel from a UE, assuming that one LB among 7 LBs in each slot is used for RS. Thus, in cases that more than 12 modulation symbols are transmitted for uplink control signalling for a UE, another UL multiplexing structure may be required, which may not be based on CDM by the cyclic shift orthogonality. 
3 Summary
We have described some possible PUCCH formats that allow jointly coding the uplink control information such as CQI, ACK/NACK, MIMO rank, MIMO layer selection and MIMO precoding etc. We propose that RAN1 considers joint coding of PUCCH control information.
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