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1 Introduction

The current working assumption on uplink ACK/NAK signaling is based on CDM multiplexing of UEs. Zadoff-Chu (ZC) sequences are used to spread the ACK/NAK signal in the frequency domain and different UEs served by the same cell are allocated with different cyclic shifted versions of the same base ZC sequence. To further increase the multiplexing capability, orthogonal covering (e.g, using Walsh-Hardamard codes for multiplexing of data blocks and DFT codes for reference signal (RS) blocks) can be used in the time-domain, which then further separate UEs using the same ZC cyclic shift.
In this contribution, we discuss a cyclic shift hopping scheme for the uplink ACK/NAK channel. The cyclic shift hopping for PUCCH RS has been agreed as working assumption at the Kobe meeting. Figure 1 illustrates one of candidate reference/data signal structures for the uplink ACK/NAK channel. The cyclic shift hopping is defined as a change in the cyclic shift used by the UE as the transmission block changes, intending for interference randomization/averaging. 
2  Intra-cell interference in the uplink ACK/NAK channel
Since the current working assumption for dynamic scheduling states an implicit mapping between control channel elements and uplink ACK/NAK channels, an adaptive adjustment of the cyclic shifts may not be possible. In this contribution, we focus on non-adaptive interference randomization/averaging.
The frequency-domain orthogonal spreading with ZC sequences can be troubled due to multiplexing of UEs with different delay spreads, uplink timing error, and imperfections of power control. In contrast, the time-domain orthogonal covering is particularly vulnerable to high Doppler. The intra-cell interference due to long delay spreads, timing error, imperfect power control, etc. can be dispersed to multiple UEs by assigning cyclic shift hopping patterns which are different between UEs [1]. Further, the intra-cell interference due to high Doppler can be spread over multiple UEs by changing the UE group associated with the same cyclic shift. 
3 Code hopping scheme for uplink ACK/NAK channels
A UE group is defined as a group of UEs that are assigned with the same cyclic shift. A maximum of three UEs can be grouped together into the same UE group, each UE being assigned with a different orthogonal time-domain cover. A cyclic shift hopping pattern is one-to-one mapped to each UE group. The cyclic shift hopping pattern should be group-specific (not UE-specific) in order not to break the orthogonality of the time-domain codes between the intra-cell UEs using the same cyclic shift.
The proposed code hopping scheme has the following ingredients.

1. UE-group-specific cyclic shift hopping within the slot
2. Different UE grouping between the first and second slots of the subframe
· UE group-specific cyclic shift hopping within the slot:

The UEs allocated with the same initial cyclic shift in the cell (the UEs that are distinguished from each other by orthogonal time-domain covering) experience the same cyclic shift hopping. This constraint is necessary to keep the intra-cell inter-UE orthogonality in the time domain. The UE group-specific shift hopping within the cell averages out intra-cell interference. The shift hopping pattern for a UE group should be different across different cells so that de-spreading at the Node-B can result in randomization of the interference coming from a neighboring cell.
Figure 2 shows an example of delay profiles of the UE groups, which is an output of IFFT after multiplying the conjugate of the base ZC sequence at the Node B. The delay spread of Group #0 exceeds its own delay region so that a multi-path of Group #1 has appeared in the neighboring delay region. If cyclic shift hopping is not applied, Group #0 gives interference to Group #1 in the whole subframe. The interference can be large if Group #0 has a large received power due to imperfect power control and/or a large timing error due to an uplink synchronization error. However, cyclic-shift hopping disperses the interference by Group #0 onto multiple UE groups, as illustrated in Fig. 2, and thus can mitigate the interference to Group #1.
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Fig 1 A transmission structure for the uplink ACK/NAK channel
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Fig 2 Effect of group-specific cyclic shift hopping
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Fig 3 Change of the UE group at the slot boundary
· Change of UE groups at the slot boundary:

The UEs belonging to the same UE group in the first slot are scattered into different UE groups in the second slot. Having different UE grouping between the two slots allows for further intra-cell interference averaging. For instance, the interference from a particular UE with a high speed and a high received power is now spread over two different UE groups. 

Figure 3 shows an example of group-specific cyclic shift hopping patterns within the slot and re-grouping of cyclic shift UE groups at the slot boundary. In the first slot, the UEs #0, #6, and #12 are grouped together while they are assigned to different UE groups in the second slot. The UE grouping and re-grouping can be done separately for RS and data blocks; the UE grouping and re-grouping can be defined differently between the RS and data blocks. 

4 Simulation results

Figure 4 shows the BER performances of uplink ACK/NAK with and without the UE re-grouping at the slot boundary. The link-level simulation parameters are listed in Table I. In the simulations, 18 ACK/NAK UEs are multiplexed together, and the UE #0 and the UE #6 belong to the same UE group in the first slot and they are associated with different UE groups in the second slot as depicted in Fig. 3. The UE #6 is set to move at 350 km/h with a 6 dB higher reception power than the other UEs, while all the other UEs are set to move at 3 km/h. 

From the performance results, it is seen that the change in UE groups between the two slots brings about more diversity for UE #0, thereby resulting in a performance gain, compared with the case without change in UE groups.
Table I Link-level simulation parameters
	Parameter
	Configuration

	Carrier frequency/ System bandwidth
	2.0 GHz / 5 MHz

	Channel model
	TU-6,  no spatial correlation

	Antenna configuration
	1 Tx, 2 Rx

	UE configuration
	18 UEs, UE #0: 3 km/h, UE #6: 350 km/h with 6 dB more power, and other UEs: 3km/h  in Fig. 3

	Resource allocation/ RS structure
	12 sub-carriers per slot, 2 slots (bottom and top bands),

 RS structure in Fig. 1
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Fig 4 Performance of uplink ACK/NAK: the effect of UE group change
5 Conclusion
 This contribution has discussed uplink cyclic shift hopping for the uplink ACK/NAK channel. It is proposed that group-specific cyclic shift hopping patterns and re-grouping of UEs at the slot boundary be used for uplink ACK/NAK in order to maximize intra-and inter-cell interference randomization and averaging.  
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