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1. Introduction

It has been agreed that for the case when no simultaneous data transmission is assumed the control signaling uses a reserved time frequency region.   In addition, CDM is used to multiplex different UEs transmitting uplink control signalling on the same frequency resource.  In RAN1#48bis, coherent ACK/NACK structure with 3 reference signals was adopted with reference signal placement for further study.  This contribution evaluates the performance of two reference signal structures.
2. ACK/NACK Reference Signal Structure
Figure 1 illustrates two possible reference signal placements within the ACK/NACK structure.  To support the maximum number of multiplexed users, both frequency domain and time domain code multiplexing are used.  In the frequency domain, different cyclic shifts of a CAZAC sequence are used to differentiate users.  For instance, with sequence length of 12 corresponding to one resource block, 6 available cyclic shifts are possible.  For coherent method the spreading factor for ACK/NACK is limited by that of the reference signal (SF=3) is this case.  To support spreading size of three, DFT or CAZAC sequence may be used.    
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Figure 1.  ACK/NACK structure with 3 reference signals (Structure 1 and 2).

In Structure 1 shown by Figure 1-(a), reference signals are placed at SC-FDMA symbols #0, #3, and #6 respectively which allows some interpolation to be performed for high-speed UEs.  However, because the reference signal is also spread, orthogonality is lost for high-speed UEs.  In Structure 2 shown by Figure 1-(b), reference signals are placed at SC-FDMA symbols #2, #3, and #4 as an alternative.  In this case, interpolation is not possible but more robust channel estimates may be possible for high-speed mobile.  Note that for low-speed UEs, performance is expected to be the same for both structures.  Also, when the control region is lightly loaded (only cyclic shifts used and not block spreading), better channel estimation interpolation for high speed UEs is possible with Structure 1 than Structure 2.
3. Performance Analysis

Note that with the agreed structure, a maximum of ACK/NACKs from 18 different users may be multiplexed together in the same resource block.  In addition, both 1-bit and 2-bit acknowledgements are supported using BPSK and QPSK modulations.  In practice, the number of actual acknowledgements will vary based on the actual number of users scheduled in the corresponding downlink sub-frame.  For this analysis, however, we will assume that up to 18 different ACK/NACKs are transmitted in one resource block.  Six cyclic shifts of a Zadoff-Chu sequence are used together with time-domain spreading to support 18 users.  Within each cyclic shift of a Zadoff-Chu sequence, reference signals are multiplexed using DFT code of length 3 while the acknowledgments are multiplexed using Walsh-Hadamard code of length 4.  For this analysis, only BPSK is used.  
Figure 2 - Figure 3 illustrate BER performance for the acknowledgement channel with 18 users.  From the figures, it is seen that the two structures offer the same performance low speed (3 km/h).  At very high speed (350 km/h), however, Structure 1 offers a small performance advantage of approximately 0.5 dB.  Note that the results shown are without DTX detection (i.e., dual-state, not tri-state).
4. Conclusions

Based on the discussion on this paper, it is shown that both reference signal structures offer similar performance with Structure 1 slightly outperforming Structure 2 at very high speeds.  It is therefore proposed that Structure 1 be used for uplink ACK/NACK.
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Figure 2.  ACK/NACK performance – 18 users, GSM-TU (3 km/h), non-ideal channel estimation.
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Figure 3.  ACK/NACK performance – 18 users, GSM-TU (350 km/h), non-ideal channel estimation.




























































































































































































































































