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1. Introduction

Previously, [1] has demonstrated that the overhead for Release 10 PUSCH will be up to 5 times that of LTE.   This contribution briefly summarizes the need for improved control formats for the PUSCH, and recommends that Release 10 consider new control formats to accommodate the expected increase in overhead
2.  Outline of Problem
The Release 8 PUSCH time division multiplexing (TDM) of data and control requires puncturing of coded data to give space for control messages. This has several implications when the features of LTE-A are considered:

1) With the introduction of technologies, such as carrier aggregation, CoMP, expanded MIMO etc, more control feedback is will be required. The general requirement to require few constraints in scheduling results in  the need for control to be multiplexed with data beyond the current agreement to transmit PUCCH simultaneously with the PUSCH [2].  Thus we should expect the aperiodic transmission of control information to continue to be used for Release 10.
2) The overhead may not necessarily happen in a 1-1 relationship between UL and DL bandwidth expansion; in particular for asymmetric DL/UL allocations with the DL allocation greater than the UL allocation more uplink control overhead will be needed per CC than in R8.

3) For periodic control feedback, the PUCCH resources need to be re-defined, and while various contributions (e.g. [3], [4]) have addressed possible PUCCH formats for carrier aggregation scenarios,  it is not clear that the overhead of PUCCH resources, particularly in asymmetric bandwidth aggregation scenarios, fits the expected capacity required to transmit even control information periodically.
Increased overhead of control information on the PUSCH will cause degradation of data throughput if the same MCS setting is maintained. 
3. Possible Solutions
The possible solutions to this issue are as follows:

1) Modify MCS setting to give more resources when TDM control is expected on PUSCH.

a. Pros: no change on current spec

b. Cons: 

i. Frequent change of MCS based on data/control combination, i.e. different control messages have different overhead, thus need different MCS settings. 

ii. Requires more resources, and more complicated dynamic scheduling and resource allocation.

iii. In general for the same channel characteristics there will be greater susceptibility to channel errors

2) Use power control to set higher transmission power when TDM control is expected on PUSCH, with modification of MCS setting. This can compensate for some performance loss on data.

a. Pros: no change on current spec

b. Cons:

i. Frequent change of power allocation based on data/control combination, i.e. different control messages has different overhead, thus need different power settings. 

ii. Requires the overhead of power change command on PDCCH.

iii. May have degraded performance for UEs near the maximum transmission power.
iv. Unnecessary expenditure of energy in higher transmission power than might otherwise be needed.

3) Use new coding formats to transmit control with data provided there is minimal additional complexity with respect to Release 8.
a. Pros: increased ease of  meeting requirements for LTE-Advanced throughput and spectral efficiency
b. Cons: some change of control encode/decode process 
4. Conclusions

RAN1 should consider changes to existing Release 8 PUSCH formats for simultaneous transmission of control information and data.
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