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1. Introduction

In the uplink, it is agreed that control signalling from UEs without data transmission will be code-division multiplexed together.  For coverage reason, control information should span the entire 1ms subframe.  In [1]

 REF _Ref161384985 \n \h 
[2], detailed multiplexing implementations for ACK/NACK transmission with and without reference signals are provided.  In this contribution, performance using coherent and non-coherent demodulation is evaluated.  Simulation results confirm those presented in [1]

 REF _Ref161384985 \n \h 
[2] that performance for coherent and non-coherent demodulation is similar.  Therefore, the multiplexing structure should depend on the number of acknowledgements that can be supported.
2. ACK/NACK Channel Structure
Figure 1 illustrates the ACK/NACK transmission scheme with and without reference signals.    Note that in this case only ACK/NACK transmission is present (no CQI or data).  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.  In the time domain, block spreading is used to further multiplex additional users.  The amount of this time domain spreading depends on whether reference signal is present or not.  In the example shown in Figure 1, spreading factor of 3 and 7 are available for the coherent and non-coherent methods, respectively.  
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Figure 1.  ACK/NACK CDM Structure with and without reference signals.
Table 1 shows the number of simultaneous ACK/NACK transmissions that can be supported in one resource block.  For coherent detection, the CAZAC sequence can be modulated by the control symbols to provide a constant number of supported users.  In this case, the required SNR increases with the number of bits to be fed back.  With non-coherent detection, each user requires multiple sequences according to the number of possible feedback.  However, the SNR per sequence remains constant.
Table 1.  Number of multiplexed users per resource block.
	Number of ACK/NACK Bits
	Coherent
	Non-Coherent

	1
	18
	21

	2
	18
	10


From the table, it is seen that the coherent structure provides similar capacity to the non-coherent structure with 1-bit ACK/NACK, but nearly double the capacity with 2-bit ACK/NACK.  Generally, 2-bit ACK/NACK may be used when a user receives two separately coded spatial streams (i.e. one ACK/NACK per MIMO codeword).  In [3], it was shown that there is also a benefit in having more than one HARQ process for very large packet size. To limit the feedback overhead on the uplink, a good compromise is to use two HARQ processes, resulting in two ACK/NACK bits per packet on the uplink for packet sizes greater than a predefined threshold.  It is currently FFS whether this option may also be supported based on ACK/NACK for DL MIMO.  As a result, within a subframe there may be a mixture of users with 1-bit and 2-bit acknowledgements.
3. ACK/NACK Performance
Performance of uplink acknowledgment is shown in Figure 2 for coherent and non-coherent detection.  For coherent detection, 1-bit ACK/NACK performance is shown based on realistic channel estimation from reference signals present within the subframe.   Although not shown here, for 2-bit ACK/NACK the 1% BLER SNR requirement is approximately 3dB more than for 1-bit ACK/NACK. For non-coherent detection, performance for sequence detection is shown.  From Figure 2, it is seen that both coherent and non-coherent detection offers similar performance with non-coherent detection performing slightly better at very high UE speeds.  
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Figure 2.  Uplink ACK/NACK performance (3 and 350 km/h).
4. Discussion
As shown in Figure 2, performance for coherent and non-coherent demodulation is similar.  Therefore, the multiplexing structure should depend on other factors such as multiplexing capability and support for a mixture of 1-bit and 2-bit acknowledgements.  For DL MIMO transmission the number of HARQ processes is to be decided based on the MIMO scheme selection.  In addition, it is FFS whether two HARQ processes may be supported based on the transport block size for non-MIMO transmission. In this case, the ACK/NACK feedback for non-MIMO will reuse the same signalling structure as for MIMO.  For DL MIMO, two possibilities may be considered:  
· One H-ARQ process for DL MIMO – only 1-bit ACK/NACK is used for both MIMO and therefore non-MIMO transmission.  In this case, non-coherent structure offers slightly better multiplexing capacity with similar performance.  In addition, it is slightly more robust in very high speeds.  Therefore, non-coherent structure is preferred. 
· Two H-ARQ processes for DL MIMO – a mixture of 1-bit (non-MIMO) and 2-bit (MIMO) ACK/NACK is used, with 2-bit ACK/NACK also possible for non-MIMO transmission based on packet size.  In this case, the coherent structure offers much greater multiplexing capability as well as ease of implementation.  Each user may be implicitly assigned a different cyclic shift of the CAZAC sequence which can convey either 1 or 2 bits of feedback using BPSK or QPSK modulation (i.e. sequence is modulated by acknowledgment symbol).  With non-coherent structure, either user must be implicitly assigned four shifts regardless of the number of ACK/NACK bit or the assignment may have to be done explicitly.  This is especially true if 2-bit ACK/NACK based on packet size is supported for non-MIMO transmission. Therefore, coherent structure is preferred.
5. Conclusion
In this contribution, uplink ACK/NACK performance for coherent and non-coherent demodulation is provided.  It is seen that both coherent and non-coherent detection offers similar performance with non-coherent detection performing slightly better at very high UE speeds.
6. References

[1] R1-070395, “CDM based Control Signal multiplexing w/ and w/o additional RS”, Nokia, RAN1#47bis, Sorrento, Italy, January 2007.
[2] R1-063219, “”, Texas Instruments, RAN1#47bis, Sorrento, Italy, January 2007..
[3] R1-061730, “Segmentation and ACK/NACK Signaling for LTE”, Motorola, RAN1 LTE AdHoc, Cannes, France, June 2006.




























































































































































































































































