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1. Introduction

Uplink control information (UCI) time division multiplexing (TDM) on PUSCH with SU-MIMO is currently under discussion.
This contribution recommends that RAN1 should consider within the framework of previous agreements, new control formats to accommodate the expected increase in UCI overhead. We present a mixed coding approach that reuses existing Release 8 codes with minimal additional computation to address this issue. The method achieves significant performance gain for both data and control over completely independent control and data multiplexing.  We demonstrate a more efficient transmission of data in this manner compared to an approach that does not used mixed coding. 

 We recommend that upon completing the layer mapping for UCI, RAN1 should consider new formats for UCI multiplexing on PUSCH for performance enhancement. The scheme described herein is a compelling candidate for such new formats; in our simulations we found that this mixed coding method achieves a 0.5dB gain on data, with control being received according to its required error rate.
2. Performance considerations
With LTE-A carrier aggregation (CA), up to 5 downlink CCs may be scheduled for a UE, thus the UCI payload for PUSCH may be up to 5 times that of LTE release-8. With the TDM approach, the control and data transmission are exclusive of each other, multiplexing resource used on control is taken from data. Increased overhead of control information on the PUSCH will cause degradation of data throughput if the same MCS setting is maintained. 

Therefore, it is very desirable to consider enhanced UCI multiplexing methods so that the data goodput reduction can be minimized while the UCI can still be reported reliably. 
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 for the relevant Work Items.  

3. Summary of control and data mixed coding
We propose a superposition coding method that codes the control information on a repeated block of coded data. At the receiver, the control message can be detected by comparing with the received data block, and decoded independently. The control message result can be re-encoded and feedback to the mixed coding part to obtain the repeated data block. Therefore, the proposed method conveys UCI without giving up the coding rate of data only case. Compared with release-8 UCI multiplexing method, the coding gain from the repetition block offsets the loss of more puncturing of data, and in fact provides overall gain. The proposed method has the following features:
1) Make maximum use of Release 8 coding methods for both UCI and data.
2) Maximize transmission reliability or throughput of user data as well as control information.

3) Allow control information to be readily and independently decodable, and allow user data to be decoded with minimal complexity over Release 8.

4) With mutual information in the mixed coding block, data and control performance can be further enhanced with iteratively joint decoding. 

5) Apply to SU-MIMO cases and comply with RAN1 agreement of UCI PUSCH multiplexing.
4. UCI multiplexing with mixed coding
We consider a mixed coding approach to convey control messages with data on PUSCH. The scheme introduces a partial superposition of the data onto the UCI, in which the coded control bits are further mixed with a repeated portion of the data message by a simple XOR operation. At the receiver, the coded control can be recovered with a bit level differential detection, and be decoded independent of data.
The control allocation is determined with a β-offset, which defines the relative coding redundancy of a control bit over a data bit. In UCI multiplexing, the control message is first coded and repeated (rate matched) to the desired length Q’ symbols to satisfy the β-offset. Suppose that the encode control output is repeated m times to the desired length Q’ as defined in TS 36.212. 

Because of this partial superposition, in order to maintain the same initial control code performance, the resources used for the coded control would be extended compared to Release 8. We define a scale factor k to represent the expansion ratio of control message against TDM version for the same β-offset. A factor of k = 2 gets similar control performance for the initial control decoding. And a higher k value will provide better control performance even for the initial control decoding.

Thus, the rate matched coded control length will be k times longer than the TDM version. 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. It can be viewed as recalculate Q’ based on a new β-offset that is k times of the β-offset of TDM version. 

After the control decoding, the receiver could re-encode the decoded control message and feedback to the mixed coding part, and another copy of the data block can be obtained. Soft combining this copy to the received data bits gives partial redundancy to the data bits, thus enhances the data performance. Consider the recovered repetition data bits, the overall data coding length is the same as data only case as if there is no resource occupied for control multiplexing. Although the block repetition may not be the optimal in the case of data coding compared with coding data only, this will overall outperform TDM where coded data bits are truncated to allocation resources for UCI multiplexing.
Moreover, if the data block is decoded correctly (with or without partial redundancy from mixed coding block), re-encoding the data and feedback to the mixed coding part, will get a better control output, thus enhanced control performance. With a correct data decoding, the control coding is equivalent to k times redundancy over TDM version, thus approximately 10*log10(k) dB gain.
[image: image1.png]Coded data received

Effective coding after iterative cancellation on mixed coding block




Figure 1. Illustration of mixed coding approach vs. time division multiplexing

The concept of mixed coding is illustrated in Figure 1. This scheme is easy to implement with trivial 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. 
The exact details of this scheme as applied to the PUSCH formats with SU-MIMO are presented in Appendix A.

The mixed coding method outperforms the standard time division multiplexing (TDM) scheme in LTE on the Physical Uplink Shared Channel (PUSCH), as shown in Figure 4 in the Appendix B.  For the default (-offset of Release 8, with the given simulation conditions, the scheme improves PUSCH data SINR by at least 0.5dB, with the reliability of the control information still meeting requirements.
5. Conclusions

RAN1 should define the UCI multiplexing layer mapping method first. With the given mapping method, RAN1 should consider new formats for UCI multiplexing on PUSCH for performance enhancement. The scheme described herein is a compelling candidate for such new formats.  We simulated this mixed coding scheme; it achieves 0.5dB gain on data for the simulation conditions tested.
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Appendix A:  UCI multiplexing with SU-MIMO
In this section, we demonstrate our proposed mapping method for the UCI multiplexing on PUSCH with the proposed superposition code considering SU-MIMO. As mentioned above, compared with the standard UCI multiplexing, the proposed mixed coding approach requires expanded control coding by the scaling factor of k, and uniquely, how to decide the repetition data block for UCI superposition coding. 
It was agreed in RAN1 #61 that CQI/PMI should be multiplexed on only one CW with extension of time alignment across layers when 2 layers are used; the A/N and RI should be mapped on all CWs all layers. The same rules applied for the mixed coding. However, the number of coded control symbols Q’ required for the mixed control coding is calculated with k*β-offset compared with β-offset as in release-8 UCI multiplexing. 

Consider the CQI/PMI multiplexing as example. Figure 2 shows how to determine the data block for the mixed coding base, only one slot in a TTI is shown in the Figure. For CQI/PMI mixed coding, use the data block that is immediately below the control multiplexing region as the superposition coding base. If the rate matched data coding rate is smaller than 1/3, i.e. a repetition part is available in the data output, the repetition data block for the mixed coding should be selected immediately after the repetition part. The mixed CQI/PMI control output is the XOR output of the given data block and the expanded CQI/PMI control coding output. This ensures the differential coded symbol is in the same DFT-OFDM symbol d(example given in Figure 2, symbol with “d” in it, is copied, and the mixed output of “d+c”, symbol with binary XOR of d and c, is transmitted in the mixed coding region, in which c is the coded control output symbol. In case of the CW is mapped to 2 layers, time alignment across layers is maintained, and the mixed coding mapping is applied at each layer.

Similarly, the Agreement from RAN #61 can viewed as allowing for time alignment of A/N and RI via mixed coding, time division multiplexed with coded data. If that is considered one can use data blocks that immediately above the mixed A/N and RI in frequency as the repetition data blocks for superposition coding. An example of this with CQI is  shown in Figure 3 for one layer; the other layers are coded with RI and A/N in the same way. The mixed A/N and/or RI control outputs are the XOR output of the given data block and the expanded A/N and/or RI coding outputs. 
This scheme can be applied on all or a subset of control messages. For example, it is possible to use TDM channel interleaving method for A/N and RI, and apply mixed coding for CQI/PMI. 
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Figure 2. UCI multiplexing with mixed coding with deterministic data block repetition
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Figure 3. Multiplexing method and data block coding showing A/N and RI coding.



Appendix B: Simulation Results
As a simple example to illustrate the effectiveness of the mixed coding approach, we performed simulations 2x2 MIMO setting on typical urban 6 (TU6) fading channel. Two codewords (CWs) are transmitted on two antenna ports (layers). The same MCS setting is used on 2 transport blocks. 
As agreed in RAN1 #61, CQI should be multiplexed on one CW. In this simulation, only CQI multiplexing is considered. In the SU-MIMO setting, the first CW on the first layer is used to carry CQI message, and the second CW is data only. Standard LTE Turbo code and (32, O) code are used for data and CQI coding respectively. The 
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is set with default value 6.25. The settings are summarized in Table I.
Table I. Simulation Settings
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	2  (QPSK modulation)

	Transport Block Size
	1000 bits
	CQI length 
	10 bits

	Channel Model
	TU 6
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	6.25 (default value)

	Mixed Coding Factor
	k = 3
	MIMO Setting 
	2 x 2

	Data Code
	LTE Turbo Code
	Receiver
	MMSE

	Control Code
	RM (32, O) Code
	Simulation trials
	10000


Due to the conservative 
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setting, the CQI is almost error free (less than 0.001 in both cases, at or above 1dB SINR). Figure 4 shows the simulation results on the data frame error rate (FER) of the codeword carrying CQI. The data FER with mixed coding is ~0.6 dB better than the CQI multiplexing with TDM. In fact, with the current MCS setting, the data coding rate is ~ ¼, thus a repetition part is available in the data output. After the CQI detection, the repetition block for the mixed coding is recovered and extends the rate matched data output. The result data coding rate with mixed coding is the same as data only case (i.e. no CQI multiplexing at all). Therefore, for the current setting, the data performance with mixed coding is the same as data only. The gap between the mixed coding and the TDM multiplexing also shows the data performance degradation with TDM multiplexing when data output is punctured to give resource for CQI transmission.
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. 
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Figure 4. Performance comparison of mixed coding and standard multiplexing
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