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1 Introduction
In RAN1#46bis, it was agreed that data non-associated uplink control signaling is multiplexed with data prior to DFT precoder. However, detailed operations were not discussed. In this document, we discuss some issues on control signal transmission in presence of data. 

2 Uplink control signal transmission in presence of data
2.1 Multiplexing method
To multiplex control signaling with data prior to DFT precoder, a portion of data resource is to be occupied by the control signaling only when the control signalling is actually transmitted. To support it, the number of physical channel bits for data transmission should be adjusted with a proper rate matching operation. Two possible rate matching approaches can be considered as shown in Figure 1 and Figure 2. With one-step rate matching shown in Figure 1, if there is a control signalling to be transmitted, the number of output bits in rate matching is changed. The different bits can be generated as output of rate matching depending on the existence of control signalling even for same data. On the other hand, with two-step rate matching shown in Figure 2, the number of output bits in rate matching is same regardless of control signaling. Instead, to accommodate the room for control signaling, puncturing is performed after rate matching. The possible problem of one-step rate matching is that eNB can fail to decode data when UE is not aware of ACK/NACK transmission due to SCCH decoding failure. Therefore, to minimize the impact of control signaling on data transmission, two-step rate matching is preferred. 
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Figure 1. Example of one-step rate matching
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Figure 2. Example of two-step rate matching
2.2 Power setting
In this section, the PAPR and CM performance is simulated when control and data are transmitted simultaneously. Table 1 summarizes the format of control and data for simulation. In addition, 10MHz is assumed.
	Test 
	Control 
	Data 

	Case 1
	QPSK, 1 symbols per LB
	QPSK, 1 RB

	Case 2
	QPSK, 1 symbols per LB
	QPSK, 20 RB

	Case 3
	QPSK, 1 symbols per LB
	16QAM, 1 RB

	Case 4
	QPSK, 1 symbols per LB
	16QAM, 20 RB


Table 1. Test cases 
Table 2 summarizes the PAPR and CM performance for each case. We can observe that PAPR and CM are increased when higher power is configured for control than one of data. From these results, it is recommended that the control power should be limited not to exceed the data power. 
	Test case
	Control /Data power ratio
	0.1%PAPR

[dB]
	Cubic Metric 

[dB]

	Case 1


	0.5
	5.7
	1.0

	
	1
	5.7
	1.0

	
	2
	6.7
	2.1

	Case 2


	0.5
	5.7
	1.2

	
	1
	5.7
	1.0

	
	2
	6.2
	1.2

	Case 3


	0.5
	6.2
	1.7

	
	1
	6.2
	1.6

	
	2
	7.0
	2.4

	Case 4


	0.5
	6.4
	1.8

	
	1
	6.4
	1.8

	
	2
	6.6
	1.9


Table 2. CM and PAPR results for each case

2.3 Format of control signaling
Usually, the format of control signaling is determined by the reliability of signaling and channel situation of specific UE. Thus, the format of control signaling is fixed regardless of data transmission once it is configured with higher layer signaling. However, in case of multiplexing control and data, we need to consider further because control signalling is affected by data transmission. 
· Lower data rate is scheduled: control power should be limited since higher control power than data power increases the CM/PAPR as mentioned in section 2.2. Instead of setting higher control power, number of symbols for control can be increased to maintain the same reliability.
· Higher data rate is scheduled: it means that high power level is allowed to transmit data. If UE can increase control power up to data power, smaller number of control bits would be sufficient to achieve same reliability. By using smaller number of symbol for control, the puncturing loss of data due to control signaling will be reduced.
Therefore, it would be beneficial to change the format for control signalling depending on actual data rate to be transmitted.
3 Conclusion

Based on discussion described on section 2, the followings are preferred to support control signal transmission in presence of data.
· Two-step rate matching is supported. 
· Control power should be limited not to exceed the data power.
· The format for control signalling is changed depending on actual data rate to be transmitted.
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