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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 PUSCH, the non-data associated control information must be multiplexed together with the data on PUSCH. Based on the agreements in [1] from RAN1#50, the rate matching of the data will take into account the presence of control signaling in the case where control signaling needs to be multiplexed with the data, which then has the effect of increasing the code rate on the data channel. 
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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.
It was left for FFS in [1] as to whether the PUSCH is power boosted to compensate for the loss due to the code rate increase on the data channel.
In the case of dynamic scheduling, the UE specific correction factor [2] included as part of the dynamic UL scheduling grant (i.e., DL-CCH format 0 [3]) can be used to signal additional power in order to compensate the control channel multiplexing. Hence it has been argued in [4] that there is no need for autonomous power boosting by the UE. Note however that in the case where the control signalling is multiplexed on a retransmission of the data, then we would require a dynamic scheduling grant simply to make the power adjustment on the retransmission, and hence lose the benefit of being able to count on non-adaptive synchronous HARQ which conserves PDCCH resources. 

An even more important problem, however, is the case of persistent scheduling for which there is no dynamic scheduling grant on PDCCH; hence there is currently no mechanism, based on the current agreements, in which a power adjustment can be signalled by the eNB in order to compensate the code rate increase on the data channel. 
2
Power Adjustment for Control Channel Multiplexing with Persistent Scheduling
The current agreements from RAN1#50-bis on power control for persistent PUSCH along with the specification in [2], [3] require that a dynamic UL scheduling grant (DL-CCH format 0) is required in order to dynamically specify a UE specific power offset to compensate the control channel multiplexing. This however is not acceptable from a control channel overhead point of view, as we would like to avoid the need to send a dynamic UL scheduling grant each time control signalling needs to be multiplexed with a persisent PUSCH. The possibility exists to use DL-CCH format 3 which carries TPC commands for “accumulated power control” of persistent PUSCH, however accumulated power control is not appropriate for this purpose, rather an absolute power offset is is necessary to compensate the control channel multiplexing.
We see two possibilities to handle the case of persistent PUSCH:

2.1 Use of mcs in PUSCH Power Control Rule

The mcs parameter in the PUSCH power control rule [3] is used to specify, via RRC signalling, a predefined power offset table to be used for each MCS level assigned or used on the PUSCH. It has not been agreed yet if the code rate in the MCS level table for mcs takes into account the code rate impact of control channel multiplexing with data on the PUSCH. If it does take into account this adjustment of the data channel code rate, then the mcs parameter could potentially be used to assign a power adjustment that would be used by the UE when control channel multiplexing takes place on PUSCH, which works even with persistent PUSCH.
The problem we see with this approach is the case where a UE has both a persistent assignment for e.g. VoIP traffic and is also dynamically scheduled for e.g. a best effort data flow. In this case, when the best effort data flow is scheduled, the UE will obey the mcs parameter, which is not desirable in the case where frequency selective scheduling based on the sounding reference signal is utilized.
2.2 Signaling of Power Offsets in Persistent PUSCH Assignment Message

· Another method of handling the power adjustment during control channel multiplexing with persistent PUSCH is to signal as part of the persistent scheduling assignment (RRC message) a set of pre-configured power offsets that the UE would use in the case of control channel multiplexing with persistent PUSCH. 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.

This method has no drawbacks in the case where the UE has both a persistent allocation and is dynamically being scheduled for another parallel data session, as the power offsets signalled along with the persistent assignment are only valid for the persistent PUSCH.

3 Conclusion
To maintain the QoS of persistent PUSCH in the presence of non-data-associated control channel multiplexing, a mechanism should be standardized to allow configuration of additional power offsets to compensate for the code rate reduction that results from the control channel multiplexing. In this contribution we suggested two alternate methods to address this issue: one method tries to make use of the The mcs table in the PUSCH power control rule, and the other method suggests additional power offsets that are signaled as part of the RRC message carrying the persistent scheduling assignment. 
We pointed out that the The mcs based method suffers a drawback in the case where the UE has both a persistent assignment and a parallel dynamically scheduled data flow for which frequency selective scheduling is used. Therefore, our preference is to signal a set of power offsets corresponding to the different cases of control channel signaling (i.e. ACK/NACK, CQI, or ACK/NACK + CQI) as part of the RRC message carrying the persistent scheduling assignment; these power offsets would be used by the UE when multiplexing control signaling with persistent PUSCH.
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