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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
2.1 CQI transmission schemes
A single structure, ZC cyclic shift based multiplexing, for mapping PUCCH symbols to the UL physical resources is assumed. In the RAN1#48bis meeting, it was decided that ACK/NACK signals from different UEs are multiplexed by assigning different cyclic shift and/or different time domain orthogonal cover. PUCCHs carrying CQI only and CQI+ACK/NACK are multiplexed with other PUCCHs by assigning a different ZC cyclic shift in an RB, as seen in [1]. Thus, a single modulation symbol is carried in each LB. Cyclic shift hopping is applied between the LBs in order to achieve the inter-cell interference diversity. CQI channel can employ a different number of RSs from ACK/NACK. In case that transmission of a large block size CQI occurs, it would be transmitted over multiple consecutive subframes.
In the case a PUSCH is transmitted, the uplink control signalling, including CQI report and ACK, will be multiplexed together with data in the resources assigned to data transmission. TDM can be used to multiplex the CQI report, ACK, and data. In-band signalling of CQI report can also be considered.  

2.2 CQI report format
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.  The proposed CQI report formats are shown in Table-I. A total of 5 payload sizes namely 58, 41, 36, 27 and 16 bits are defined. We assumed that UE provides feedback assuming 1, 5 or 10 subbands over the total bandwidth defined. 
The control channel number 0 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 3 allows carrying subband CQI but no MIMO information for the case of 10 subbands.  The control channel number 4 allows carrying MIMO information for the case of 10 subbands but no CQI information.  A UE may transmit control channel 3 and 4 alternatively to provide the Node-B information on both subband CQI and subband-based precoding. A 1-bit message format indication tells the Node-B which message is carried at a given time. This alternative transmission of control channel 3 and 4 allows UE to transmit at a lower power compared to the case where UE uses control channel number 0 for transmission of both subband CQI and subband precoding information. The Node-B does not need to blindly decode between control channel 3 and 4 because of the presence of 1-bit message format indication.
The control channel number 1 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 2 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 message format indicator differentiates between channel number 1 and 2.
The control channel number 5, 6, 7 have the same 27 bits payload size and are differentiated by a 2-bit message 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 8 and 9 are used for average CQI feedback and no MIMO precoding feedback. The difference between control channel number 8 and 9 is that 8 carries a Rank field for fixed precoding but 9 carries an ACK field. 
It is also possible to add other fields in the CQI reports such as uplink resource requests etc. creating additional CQI report 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 only requires 1 bit and therefore the remaining 1-bit 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
	TF_ID
	Number of bits per message field

	
	
	
	Msg_ID
	CQI
	Rank
	  Precoding
	ACK
	Reserved
	CRC
	Total 

	10 SB CQI + 10 SB MIMO
	0
	0
	0
	25
	2
	20
	2
	1
	8
	58

	10 SB CQI + 1 WB MIMO
	1
	1
	1
	25
	2
	2
	2
	0
	8
	41

	5 SB CQI + 5 SB MIMO
	2
	1
	1
	15
	2
	10
	2
	3
	8
	41

	10 SB CQI
	3
	2
	1
	25
	0
	0
	2
	0
	8
	36

	10 SB MIMO
	4
	2
	1
	0
	2
	20
	2
	3
	8
	36

	1 WB CQI + 1 WB MIMO
	5
	3
	2
	5
	2
	2
	2
	3
	8
	27

	5 SB CQI
	6
	3
	2
	15
	0
	0
	2
	0
	8
	27

	5 SB MIMO
	7
	3
	2
	0
	2
	10
	2
	1
	8
	27

	1 WB CQI + Rank
	8
	4
	1
	5
	2
	0
	0
	0
	8
	16

	1 WB CQI + ACK
	9
	4
	1
	5
	0
	0
	2
	0
	8
	16


The CQI report is compressed as an average CQI report and a delta CQI report per subband. As shown in Figure 2, the average CQI is 5-bit and the per subband delta CQI is 2-bit. For 10 subband CQI report, the total number of bit is 5 + 2(10 = 25 bits. This achieves efficient compression of the CQI values with the average CQI information always available in every CQI report.
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Figure 2. CQI compression scheme

The delta CQI per sub-band is quantized unevenly. As shown in Figure 3, any sub-band CQI that is lower than the average CQI is represented by ‘00’. The rest of the delta CQI values are used for quantizing CQI values greater than the average CQI. Since subbands with higher CQI values are most likely to be used, this method maximize the utilization of the feedback information.
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Figure 3. Unequal quantization of delta CQI
2.3 Channel coding and modulation for uplink control signaling
The uplink control channel is coded with a convolutional code as shown in Figure 2. It should be noted that coding shown in Figure 2 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 4: PUCCH modulation and coding
2.4 Uplink control channel blind decoding

Node-B can configure what uplink control 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 10 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.
3 Summary
In this contribution, we proposed 10 CQI report formats that can accommodate a large range of channel conditions in systems with different bandwidth. By allowing different CQI reports to share the same transmission format, we reduce the required number of blind decoding to 5 maximum. Additional restriction of which CQI report formats can be used can be configured on a per UE basis to further reduce the Node B blind decoding.
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