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1. Introduction

This contribution shows the performance degradation when there is no transmission on one SC-OFDM symbol of the PUCCH to accommodate Sounding Reference Signal (SRS).
2. PUCCH Performance Degradation
An example of PUCCH transmission with SRS is shown in Figure 1 [1].  The SRS symbol does not include RBs allocated for PUCCH in either slot as CQI estimation is not needed for PUCCH.  Figure 2 shows the multiplexing of SRS and PUCCH when CQI is transmitted.
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Figure 1.  Multiplexing of SRS and PUCCH: SRS symbol excludes PUCCH RBs.
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Figure 2.  Multiplexing of SRS and PUCCH (CQI)
For UEs transmitting both PUCCH and SRS, there can be no PUCCH transmission on the symbol carrying the SRS.  For the ACK/NACK, to maintain orthogonality this requires a shortened structure where SF=3 is used in one slot while SF=4 is used in another.  For CQI, one QPSK symbol may simply be punctured out.  This leads to performance loss as shown in Figure 3 - Figure 4 and summarized in Table 1.
Table 1.  PUCCH performance degradation with SRS.

	PUCCH
	Performance Degradation

	ACK/NACK

(0.1% error rate)
	0.5 dB

	CQI

(1% error rate)
	5-bit
	0.3 dB

	
	10-bit
	0.5 dB


Note that for the CQI performance analysis, punctured (32,10) Reed-Muller code as described in [2] was used.

3. Conclusions
Based on the discussion above, the following recommendations are made regarding PUCCH interaction with SRS – 

· Overall size of the PUCCH region is known to all UEs. SRS does not extend into the PUCCH RBs.
· If a UE is to send CQI and SRS in the same subframe, both CQI and SRS are transmitted with the CQI data within the SRS symbol not transmitted.
· For ACK/NACK occurring in a subframe with SRS, ACK/NACK’s take priority and SRS is not transmitted, in order to avoid penalizing all UEs by 0.5dB.  Excellent system performance is still achieved despite a UE occasionally loosing an SRS due to ACK/NACK transmission.
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Figure 3.  ACK/NACK performance, non-ideal channel estimation, TU 3 km/h.
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Figure 4.  CQI performance, non-ideal channel estimation, TU 3 km/h.




























































































































































































































































