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1. Introduction

Previously, [1] has demonstrated that the overhead for Release 10 PUSCH may 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 considers new control formats to accommodate the expected increase in overhead. As a starting point, we present a partial mixed coding approach that reuses existing Release 8 codes with one extra binary adding step. The method requires minimum change on current specification and achieves significant performance gain for both data and control over time division multiplexing (TDM). 
2.  Outline of Problem
For Release 10, according to agreements decided in RAN1 55bis[2], simultaneous transmission of PUSCH and PUCCH is permitted.   At cell edge, it can be expected that SC-FDMA will be used, as well as more frequent use of QPSK modulation, as well as transmission power near maximum. However, according to [3], the CM of Clustered DFT Spread OFDM varies by up to 0.5dB with 0 dB increase of PUCCH transmitted power relative to PUSCH to as much as 1.1dB for a 9dB PUCCH increase in transmitted power over PUSCH (representing, in fact, a “non-clustered” SCFMDA case).   Near maximum transmitted power then this piggy-backing of PUCCH with PUSCH may be inadvisable.  For this reason, as well as better frequency diversity and coding gain with PUSCH, it is advisable to consider additional transmission of control information on the PUSCH.  However, for LTE-A:
1) With the introduction of technologies, such as carrier aggregation, CoMP, expanded MIMO etc, more control feedback will be required. Moreover, neglecting momentarily the point about CM above, 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. 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]

 REF _Ref241381481 \r \h 
[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. Solution Requirements
Sharp understands that to minimize specification impact, the number of new formats for Release 10 should be kept to a minimum.  However, particularly with multiple PA operation for the UE uplink, it is imperative to render the specification as energy efficient as it can be made in the time allotted.  Thus for this issue we would propose that:
1) Any new information transmission formats make maximum use of Release 8 coding methods.

2) Such formats maximize transmission reliability or throughput of user data as well as control information.
3) Any such formats allow control information to be readily decodable, and allow user data to be decoded with minimal complexity over Release 8.
4. Example 
We consider a mixed coding approach to convey control messages with data on PUSCH. The scheme introduces a partial superposition code, in which the control message is coded over a repeated portion of the data message. The length of the mixed portion is decided by a scale factor k, which represents the expansion ratio of control message against TDM version, as illustrated in Figure 1. Note that the number of repetitions m in the standard data control multiplexing, and the scale factor k with the mixed coding, are not necessarily integer numbers. 
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Figure 1. Illustration of standard and proposed coding methods

At the decoder, the outputs of the decoders feedback to each other, and reinforce the code performance. Three different feedback levels can be used to get different levels of performance enhancement with different complexity, as shown in Figure 2.
· Level 1 is to feedback coded control decision only.  

· Level 2 is to feedback decoded control thus control coding gain is utilized. 

· Level 3 is to feedback decoded data output, thus the data coding gain is also enhanced.

This scheme is easy to implement with minimum modifications over Release 8. It reuses all existing data and control coding schemes in LTE release-8 with one binary adding (or XOR) step at the encoding. In addition it allows for error protection of the control to give information to enable better decoding of data, and vice versa (if needed). The method is not limited to one control message; multiple control messages with different (-offsets can be used in the same manner. 
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Figure 2. Decode process of the mixed control data coding
Analytical and simulation results show that this scheme has superior performance compared with standard time division multiplexing (TDM) scheme in LTE on physical uplink share channel (PUSCH). 

Compared with TDM data and control multiplexing, for low rate settings where the data coding rate is less than 1/3, better performance is achieved on data and control simultaneously. The data performance is similar to that of data only as if no control is added, thus much better than the data performance in TDM. The control spreads into a larger portion, thus is more reliable than control in TDM version with coding gains depending on the scale factor k. This is the most appealing use case for the mixed coding scheme.
For medium and high rate settings, this scheme gives comparable performance even without Level 3 feedback; and better overall performance with Level 3 feedback. With the same data performance as in Release 8 TDM,  improved gain is observed on control. On the other hand, if the same control performance is maintained, it can bring some performance gain over TDM. 

5. Preliminary Results
As an example, we performed simulations with standard LTE Turbo code and max-log decoder on AWGN channel using code modulation library (cml) [5]. With 
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=14, QPSK modulation is used, the total number of resources is 12*12*14*2=4032 bits. The corresponding transport data block size is 1000, with 24-bit CRC, the Turbo code interleaver size is 1024, and the number of coded bits from rate 1/3 Turbo code is (1024+4)*3 = 3084. Assume an 8-bit CQI control message, which is first encoded to 32 bits with Reed-Muller Code, then repeated 6 times, which is equivalent to a CQI (-offset of 6. The following scenarios are simulated. The settings are summarized in Table I.

Figure 3 shows the simulation results on the data frame error rate. Even with feedback level 1, the mixed coding achieves the same performance as R-8 TDM with k=2. When k increases to 3 and 29/6, better data performance are obtained. With feedback level 2, the results are the same as data only as if no control message is transmitted. On the control side, 3, 4.7 and 6 dB gain over Release 8 are expected for k=2, 3 and 29/6 respectively with level 3 feedback. In this example, the data only performance is achieved before a repeated portion already exists in the original rate matching. If the k is further increased, the control performance will be better, the achievable data performance with mixed coding will decrease gradually. Similar tradeoff exists for MCS settings with punctured turbo code output, i.e. rate matching to code rate greater or equal to 1/3.
Table I. Summary of test cases for 
[image: image6.wmf]MCS

I

= 4,
[image: image7.wmf]TBS

I

=4, and 
[image: image8.wmf]PRB

N

=14

	
	Turbo output (repetition code base)
	Extra data repetition part
	Coded control or mixed data/control

	Data only
	3084
	948
	0

	TDM in R-8
	3084
	756
	192

	Mixed coding k = 2
	3084
	564
	384

	Mixed coding k = 3
	3084
	372
	576

	Mixed coding k = 29/6
	3084
	20
	928
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Figure 3. Data performance comparison with 
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The scale factor k is used to show the effects with different values in this example. The determination of k, shall be based on a pre-defined algorithm. The appropriate value may be evaluated by offline optimization functions for different data/control multiplexing settings. In implementation, it may be a simple lookup table of different input parameter combinations. 
Although these results may be expected to degrade somewhat for urban micro-cells and macro-cells with realistic fading models, the results indicate that this area might help to improve cell edge throughput for LTE-Advanced.  Thus we recommend such a scheme be considered for LTE-Advanced.

6. Conclusions

RAN1 should consider changes to existing Release 8 PUSCH formats for simultaneous transmission of control information and data. The scheme described herein is a compelling candidate for such new formats.
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