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1 Introduction
In the last RAN1#47bis meeting in Sorrento, some decisions were made on the uplink control signaling as simply summarized below:

· CDM between UEs sending ACK/NACK and/or CQI on the same frequency resource

· Each frequency resource is a multiple of 12 subcarriers (consisting of an upper and/or a lower part within the slots of one subframe)

· No data-associated uplink control signaling
Based on the decisions, we discuss further details on the uplink data-non-associated control channel multiplexing.
2 ACK/NACK
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Figure 1. ACK/NACK channel multiplexing structure.
The preferred ACK/NACK channel structure is shown in Figure 1. Our proposals are explained below:

· Two RS LBs in a slot due to the following benefits:
· Better channel estimation performance, due to the increased RS energy and coverage, as proposed in [1]
· The number of ACK/NACK channels supportable in an RU can be doubled by the LB-level orthogonal sequence covering illustrated in Figure 1, as also proposed in [2] and [3]. In Figure 1, the RS and ACK/NACK LBs are overlaid with length-2 Walsh and length-5 orthogonal (e.g., Fourier) sequences, respectively.
· Time domain CDM between intra-cell UEs
· CDM by the cyclic shift orthogonality in time domain using Zadoff-Chu sequences
· The Zadoff-Chu sequence used for the RS LBs in the same slot can be used in the ACK/NACK LBs
· The channels transmitted in the same RU are assigned different cyclic shift values in time domain, which should be large enough to overcome the multipath delay spread in nominal channel conditions. E.g., cyclic shift by the 1 sequence sample duration, ‘5.55 s’, results in 12 orthogonal CDM channels in an RU.

· CDM by the orthogonal sequence covering for RS LBs and ACK/NACK LBs, as explained above

· The number of supportable ACK/NACK channels is doubled

· Modulation

· BPSK in case of single codeword transmission

· On-off keying has a smaller coverage than BPSK, since the On signal usually requires larger power than BPSK signals. However, it is noted that OOK can reduce the UE power consumption in case of the significantly biased transmission rates for ACK and NACK
· QPSK in case of SU-MIMO multi-codeword transmission 

· Signaling span: 1 ms
· A single 1 ms duration for ACK/NACK signaling is preferred as the benefit of defining multiple ACK/NACK durations are not evident, compared to the incurred complexity for ACK/NACK channel multiplexing and resource indication signaling
· In coverage limited situations, the 1 ms ACK/NACK can be repeated over multiple subframes
· ACK/NACK resource mapping

· In case of dynamic scheduling: tied to the DL scheduling grant
· In case of persistent scheduling: persistent explicit indication via L1/L2 or high layer signaling
· Inter-cell interference mitigation
· Inter-cell interference mitigation techniques should be adopted to improve the ACK/NACK detection performance, e.g., by applying cell-specific or UE-specific cyclic shifts on RS and ACK/NACK LBs or other randomization techniques
3 CQI
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Figure 2. CQI channel multiplexing structure.
The CQI channel structure shown in Figure 2 is based on the following proposals:

· RS structure

· The RS structure same as that for data is preferred, in view of the channel estimation simplicity and providing more resource for CQI transmission
· However, the slot structure with two RS LBs in a slot as in Figure 1 is also acceptable

· Time domain CDM between intra-cell UEs
· CDM by the cyclic shift orthogonality in time domain using Zadoff-Chu sequences
· Modulation and coding

· In case of CQI alone: QPSK, (24, x) block coding

· In case of TDM with ACK/NACK: QPSK, (12, y) block coding (refer to Figure 3)
· In addition, a larger size CQI may be needed, depending on the realization of the detailed CQI feedback schemes for the cases of MIMO and subband scheduling.
4 Multiplexing of ACK/NACK and CQI
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Figure 3. Multiplexing of ACK/NACK and CQI.
The multiplexing structure for ACK/NACK and CQI, shown in Figure 3, is based on the proposals below:
· TDM of ACK/NACK and CQI from a single UE
· LB-level TDM is preferred as shown in Figure 3, when simultaneous transmission of ACK/NACK and CQI from a UE is needed
· Combined channel coding of ACK/NACK and CQI is not preferred due to:
· Control of different A-to-N and N-to-A error rates is difficult

· The gain is unclear, while additional delay and complexity is incurred in detecting ACK/NACK
· CDM of ACK/NACK, CQI and ACK/NACK+CQI in a same RU

· In order to improve the resource utilization efficiency, it should be allowed to multiplex ACK/NACK, CQI and ACK/NACK+CQI from different UEs in a same RU by the cyclic shift orthogonality of Zadoff-Chu sequences, as shown in Figure 3
5 Conclusion
In this contribution, we discussed overall aspects of the uplink data non-associated control channel design. The three proposals below are importantly noted:
· LB-level orthogonal sequence covering in order to increase the number of ACK/NACKs supportable in an RU
· Adoption of two RS LBs in each slot in case of ACK/NACK transmission
· CDM of ACK/NACK, CQI and CQI+ACK/NACK in a same RU should be allowed for the efficient resource utilization
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