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1 Summary

Recent discussions in RAN1 (e.g., as discussed in RAN #55bis [1]) have included discussions on how control and data are to be sent on the uplink for LTE-Advanced.  This contribution demonstrates that improvements to control and data transmission on the PUSCH are achievable, and can in fact help alleviate the increased burden of control transmission that will result from the new MIMO/COMP functionality being considered for LTE-Advanced. Furthermore, these improvements can be made without radical changes to the basic building blocks of LTE. Thus we propose that RAN1 consider improvements to control plus data transmission on PUSCH for LTE-Advanced.  Details of further improvements are FFS.
2 Introduction
LTE-Advanced is expected to have deployed various methods of MIMO, including COMP, that are expected to give increased throughput per cell and enhance edge throughput performance over and above that of LTE.    Because of this it is expected that there will be increased requirements for throughput of control information as well, which are overhead.   Furthermore, in order to achieve overall goals of throughput enhancement it is useful to maximize capacity if minimal complexity can be realized.  Thus there is a need for making sure that control and data time/frequency allocation are optimized for LTE-Advanced.  
In RAN1 55bis ([1]), a conclusion reached regarding control and data operation was:
· On top of Rel-8 operation:

· Control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM type multiplexing

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

FFS: At most one new DCI format for non-MIMO
In reviewing Release 8 specifications and functionality, Sharp has concluded that there are improvements possible to the simultaneous transmission of uplink control and data that could yield more efficient use of the PUSCH resources.  As an example of this we consider the formatting and transmission of ACK/NAK on the PUSCH.  Although this example is relatively simple, it should be clear that this method can be extended in ways that allow for greater overall throughput.  We can demonstrate a tradeoff between resource utilization and coding scheme on the PUSCH that allows for a more effective tradeoff between throughput FER, and control information transmission reliability and resource utilization.  Thus we believe it is prudent for RAN1 to consider improvements to control plus data transmission on PUSCH for LTE-Advanced, and therefore to broaden the conclusion of RAN1 55bis slightly.
3 Example System
It is well known that coding will provide better performance symbol repetition if SINR is sufficiently high.   Recent results from considering information transmission on degraded broadcast channels (e.g., [4]) suggest that transmission models from that area can be usefully applied to the problem of simultaneous control and data transmission.   As an example of this, we consider the transmission model of Figure 1.  The details of why this scheme works are included in the Annex. A release 8 turbo-code provides data coding, as is currently done for the PUSCH.  For a given number of symbols, an “Unbalanced” code is switched into to the system; the details of the code are in the Annex.  Suffice it to say here that it is a short block code, readily decodable, that effects the marginal distribution of bits transmitted into the channel.  
When this code is in use, other information can be superposed into the turbo/unbalanced coded stream.  For example, A/N information can be encoded; this superposition will further change the distribution of bits transmitted onto the channel.  The Unbalanced Code, being unbalanced, will result in a small performance penalty relative to the turbo-coded output itself
.  However, by switching in and out this code any performance effects on the turbo-coded output can be mitigated or traded off for coded control information performance. The data decoder contains the appropriate likelihood-ratio based soft-decoder for the Unbalanced Coded bits.  For the purposes of discussion here – introduction of the concept – we have omitted the other steps in signal transmission and reception (e.g., modulation scheme) but these should be no more harmful to the scheme presented here than to the current modes of transmission.  
We note that the basics of the scheme – the use of the data coding and decoding methods, in particular, are largely evolutionary changes to Release 8, and therefore do not pose any significant challenges to backwards compatibility between Release 8 and LTE-A.
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Figure 1  Coder for Embedding of ACK/NAK information in PUSCH data.
4 Simulation/Technical Results
In this section we present preliminary results that illustrate what can be achieved, which is appropriate for the study phase.  In Figure 2 we illustrate the BER for 408 bit length packets for a rate ½ coder, with and without the embedding of A/N as described above and with more detail in the appendix.  It is seen that for a BER in the region of 10-4 (slightly below where LTE and LTE operates), that the difference in required Eb/N​​0 for the data coding part is less than 0.5dB.  The overall rate of the  coder which can embed A/N information is 9/20 (considering data only); however, it should be noted that such coder will also be transmitting control data simultaneously.  In Figure 3 we illustrate the performance of the embedded coder for data with the abscissa as SNR per coded bit; this matches the abscissa values of Figure 4. 
In Figure 4 we illustrate the A/N error performance, assuming 1 and 2 bit A/N transmission.  From the curves it is clear that the required A/N error performance (10-3 or smaller,   [3]), merely with repetition coding is met with substantial margin to spare at 1-2dB Es/N0, for 200-bit encoding of each A/N bit, indicating that further efficiencies are possible.   In Figure 5  we reproduce the error rate curve from [5], which we believe represents the performance attainable for Release 8.  Note that Figure 5  assumes that 2 receive antennas are available for reception, and thus the Es/N0 reported should have 3dB added to them to be a fair comparison to Figure 4.
In R8, based on the explanation in [2], in the case where  8% of signal PUSCH resources (excluding reference signals) are devoted to A/N, as shown in Figure 6, these A/N resources are time-division multiplexed into the data, and thus those time/frequency resources are unavailable for data transmission.  In our approach shown, no more than a 5% penalty on PUSCH resources (because of higher effective coding rates used with the Unbalanced Code) produce results that are better; for example using 200 bit blocks A/N we can get results that are as in Figure 4 which represent up to order of magnitude increase in A/N reliability without coding (see Annex for analysis of decoding of A/N bits for this scheme).  If we coded the data we could reduce the overhead further, of course.  Therefore we can achieve a net improvement in throughput per unit power per unit time over Release 8, without substantially effecting complexity.
We are aware that for the Work Item phase a “complete” system for all code rates, control data formats, and such would have to be defined.  However, for purposes of illustration of the gains possible, it is clear that enhancements to throughput and error rate performance from Release 8 can be gained, even though we do not claim that the example presented here represents an optimum solution.
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Figure 2  Data BER for 408 bit packets.  Turbo-code parameters: rate 1/2,  interleaver depth 408 bits  At about 1.25dB  the increased error rate (less than 0.01% BER/FER) is more than made up for by the greater than 3% improvement in overall throughput. 
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Figure 3 Same curve for UEP as figure 3, with abscissa as energy per coded bit
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Figure 4  BER of ACK with repetition coding of the ACK. Abscissa values are in the same units as in Figure 4.  
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Figure 5  BER for Coding 2 A/N bits from [5].  Note that [5] assumes 2 receive antennas, and therefore these numbers are actually 3dB lower  than the equivalent numbers would be in  Figure 5.
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Figure 6  PUSCH Control + Data coding scheme from Release 8 [2] and [5]. A/N is the white shaded blocks.

5 Conclusions

We have demonstrated that there exist improvements that can be made on R8 signalling formatting schemes that can be made with relatively minor changes to the R8 structure that provide enhancements in performance.  The data presented here, while preliminary and not a comprehensive system solution we believe  is sufficient to demonstrate that enhancements are feasible and provide measurable performance improvements relative to R8.
Thus we propose that RAN1 consider improvements to control + data transmission on PUSCH for LTE-Advanced.  Details of further improvements are FFS.
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7 Annex
7.1 Heuristic Explanation of Superposition Coding Scheme
In this section we present an overview of why the system of Figure 1 works.  Recent results in information theory (e.g, [4]) have shown capacity/rate calculations for degraded broadcast channels; these can be usefully applied to LTE-Advanced.  Theory aside however, it is easy to get an intuitive understanding of why the scheme presented works.

Empirical analysis of 3GPP turbo-code outputs can be done to show that the bit distribution of the coded bits is distributed as a Bernoulli distribution with each bit equally likely (i.e., a “Bernoulli(1/2)” distribution) , and apparently independent from bit – to bit.   This property naturally arises from the fact that the codes are “near Shannon limit” codes.  When the Unbalanced Code is applied as in Section 7.2 below, the distribution of coded bits changes from Bernoulli(1/2) to Bernoulli(6/10).  If an NAK (which we assume is a 0) bit is added in repetitively the distribution is unchanged whereas if an ACK 

 (which we assume is 1)  is added in repetitively the distribution changes to a Bernoulli(4/10) distribution.    At the receiver then a hypothesis test between Bernoulli(6/10) and Bernoulli(4/10) can be used to distinguish between ACK/NAK; this can then be used to correct the values of the Unbalanced Code.

Furthermore, because only a portion of the data is subject to the Unbalanced Code, and because the data from and within the turbo-code is interleaved, there is minimal information lost in using the Unbalanced Code.   

7.2 Unbalanced Code Details
The Unbalanced Code is as depicted in Table 1.  Its main features are that it is
· A rate 3/5 code

· It has a minimum Hamming distance of 2

· It has 60% of its codeword bits as “1”

Table 1  Unbalanced Code used in simulations

	Input bits
	Output bits

	000
	00111

	001
	01011

	010
	01101

	011
	10000

	100
	10101

	101
	10110

	110
	11001

	110
	11111


7.3   Simulation Details

	Parameter
	Value

	Channel
	AWGN

	Turbo-code (without Unbalanced Code)
	½ rate, 3GPP R8 Code

	Frame length
	408 bits


� There is a performance penalty at least in so far as we have measured it with a Max log MAP turbo-code decoding algorithm.
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