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Discussion
1
Introduction
Due to the SC-FDMA nature of the LTE reverse link, when non-data associated control information (such as ACK/NACK and/or CQI to support the downlink) needs to be transmitted at the same time there is uplink data to transmit on the UL-SCH, the non-data associated control information must be multiplexed together with the data on UL-SCH. As discussed in [1] and [2], appropriate rate matching (i.e., additional puncturing when using code rates at or above the mother code rate) of the data on UL-SCH must take place in order to multiplex the control information, as illustrated in Figure 1. The affect is to increase the code rate on the UL-SCH when the same transport block size and modulation are used on UL-SCH.
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Figure 1: Multiplexing control information with data through rate matching/puncturing the data symbols in SC-FDMA, the composite signal is transmitted at power P.
There are different methods to compensate for the additional puncturing introduced by the control information [1]:

a) Apply an additional power offset so that the data on UL-SCH can maintain the same QoS; this is possible through the use of the UE specific correction factor included as part of the UL scheduling grant [3] 
b) Scheduler assigns a smaller number of information bits or a larger number of resource blocks in order for the code rate to remain approximately the same as it would have been without the control channel puncturing

Unfortunately, in the case of a persistent scheduling assignment such as may be used to efficiently support a VoIP call, the above two methods would require an explicit scheduling grant from the eNB in order for the UE to make the appropriate modification, implying additional signalling overhead in the downlink every time control information needs to be multiplexed with data on the UL-SCH. 

2
Handling Control Channel Multiplexing with Persistent Scheduling

As changing the number of information bits is not an attractive option for a service such as VoIP, and changing the number of assigned resource blocks may be difficult given the efficient packing of resource blocks required to efficiently support a large number of VoIP users, the only remaining viable option is to apply an additional power offset in the case that control information needs to be multiplexed with UL data.
· Rather than requiring an explicit UL scheduling grant to specify the additional power offset, it would be more efficient to signal as part of the persistent scheduling assignment a set of power offsets that the UE would use in the case of control channel multiplexing. Three power offsets would need to be specified:
· cqi : power offset to apply when CQI is multiplexed with UL data

· ack/nack : power offset to apply when ACK or NACK is multiplexed with UL data

· cqi+ack/nack : power offset to apply when ACK/NACK and CQI are multiplexed with UL data
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Figure 2: Applying an additional power offset control  to the nominal power level P to compensate for the rate matching/puncturing of the data with the control information.
Given that the MCS is determined a priori for the persistent assignment, and the targeted error rate is known as well, it is straightforward to compute the additional power offsets required due to the puncturing introduced in the case of the different types of control information.

As an example, Figure 1 illustrates the link performance for a transport block size of 304 bits (corresponds to AMR 12.2kbps with 4 bytes ROHC header, 1 byte RLC header, and 1 byte MAC header) with QPSK modulation and 2 resource blocks in a GSM TU channel at 3 km/hr. The code rate in this case is 304/576 = 0.53. Now suppose that it is required to multiplex CQI information, and that the CQI is 5 information bits coded to 20 bits, and a 6x repetition is used, resulting in a total of 120 bits for CQI. In the case QPSK modulation is also used for the CQI bits, then the puncturing on the data channel to support the CQI feedback increases the code rate for the data channel to 304/456 = 0.67. We can see in Figure 1 that an additional power offset of approximately 2 dB is required in order to maintain the same error rate (valid over a range of typical first transmission BLERs) .
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Figure 1: First transmission BLER for a transport block size of 304 bits and QPSK modulation and two resource blocks (GSM TU channel, 3 km/hr, no frequency hopping). The code rate increases from 0.52 to 0.67 when 120 bits of coded control channel information needs to be multiplexed. A power offset of ~2 dB could compensate for the control channel puncturing.

3 Conclusion

To maintain the QoS of persistently scheduled data in the presence of non-data-associated control channel multiplexing, an additional set of power offsets corresponding to the different cases of control channel signaling (i.e. ACK/NACK, CQI, or ACK/NACK + CQI) should be signaled to the UE, preferably as part of the persistent scheduling assignment message.
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