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1. Introduction

Time-domain multiplexing among L1/L2 control signaling, data and pilot has been agreed to retain the low PAPR characteristics of single-carrier transmission in TR [1].

L1/L2 control signaling in the uplink is categorized as follows: (see also [1] 

 REF _Ref130115788 \n \h 
[3] -[5] )
· Data-associated control signaling: 

· Data-non-associated control signaling

· Downlink ACK/NACK

· Downlink CQI

· Other control signaling (e.g. scheduling request, etc.)

In this paper, we discuss the multiplexing method of L1/L2 control and uplink data. Among the L1/L2 control signaling, we focus on the discussion on ACK/NACK and CQI because other control signaling like scheduling request might be transmitted as MAC data as similar to HSUPA.
2. Transmission combinations in a subframe
L1/L2 control signals in the uplink are transmitted for different reasons and purposes:

· The transmission of data-associated control signaling depends on uplink data allocation. 
· The transmission of ACK/NACK for downlink depends on downlink data allocation.
· The transmission of CQI for downlink could be periodically or by request from Node-B. For example it could be bundled with downlink scheduling transmission.
Because of above different reasons and purposes, avoiding the simultaneous transmission of different L1/L2 control signals in the same uplink TTI would require a very complex scheduler design and would degrade the throughput. Therefore, allowing simultaneous L1/L2 control signals in a TTI is required. Table 1 shows possible transmission combinations in a subframe with user data. Table 2 shows possible transmission combinations in a subframe without user data. The reason we split the table between with user data and without user data is that different design principles could be applied for these two cases. With user data, the resource allocation is controlled by the uplink data scheduling command in the downlink. Without user data, the allocation would be implicitly carried out by the downlink data scheduling. Alternatively the resource could be periodically assigned by higher layers for CQI.
Table 1 Possible combinations in a subframe with user data
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Table 2 Possible combinations in a subframe without user data
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Although above Tables 1 and 2 shows only one combination for each ACK/NACK and each CQI, the actual number of combinations in a subframe might be further increased.

The number of ACK/NACK and the number of bit field for CQI would be variable. The number of ACK/NACK depends on the number of codewords [1]. We also see the benefit of multiple ACK/NACK in a subframe in non-MIMO case [6].

The number of bits for CQI depends on the CQI reporting method, e.g. average length in time/frequency domain and the number of antenna (or beam). We see several (at least two) CQI reporting formats are necessary. For example, CQI could comprise a short CQI report, to have differential or only part of frequency/time resource information, and a long CQI report, to have full information.
Moreover, a L1/L2 control signaling transmission method is desirable to improve the received SINR for a UE with limited transmission power in cell borders. A rough adaptive modulation and coding rate [3] can be used. Another approach is the repetition among sub-frames similar to EUDCH although this reduces the possible data rate. These approaches further increase the number of possible combinations in a subframe compared to Tables 1 and 2.
3. Resource allocation between L1/L2 control signaling and data 

Within TDM-based multiplexing of L1/L2 control signaling, basically following two approaches are possible.

a) Pre-determined allocation method:

The position and the number of symbols for L1/L2 control signaling are pre-determined independently from the transmission of L1/L2 control signaling in a TTI.

b) Dynamic allocation method: 

The position and the number of symbols for L1/L2 control signaling are allocated dynamically, depending on the transmission of L1/L2 control signaling in a TTI. 

The merit of pre-determined allocation method is uplink L1/L2 control signaling and uplink data can be decoded even if the reception of downlink control signaling by the UE is erroneous. However, this method would be inefficient since it always reserves the time/frequency resource for ACK/NACK and CQI even if the number of ACK/NACK is small. Therefore, this method would not be the preferred choice.
In dynamic allocation method, the allocated time/frequency resource for a UE in a subframe can be dynamically shared between L1/L2 control signaling and uplink data in case with uplink data. Therefore, all time/frequency resources allocated to a UE can be fully utilized. This method could maximize the spectrum efficiency on uplink.

Therefore, we propose to adopt the dynamic allocation method.

4. Indication of combination between L1/L2 control signaling and data 

The demerit of dynamic allocation method is the detection of the transmitted combination in a subframe by Node B. The UE processing time between downlink data reception and corresponding uplink ACK/NACK transmission, and UE processing time between uplink data allocation command in the downlink and corresponding uplink data transmission time are different. This means the downlink signaling for uplink transmission in a TTI for ACK/NACK and uplink data is different. If one of the signals is erroneously decoded by a UE, that UE's selected combination in a subframe and Node B's assumed combination are different. The detection error of the combination leads to undesirable effects, e.g., NACK is mistaken for ACK, wrong CQI value results in wrong scheduling / AMC selection, the data block has the wrong length which leads to unnecessary HARQ operation.
There are three approaches to solve this.

a) By using downlink signaling

This different understanding between UE and Node B comes from the separate transmission between the uplink data allocation command in downlink and the downlink data allocation command. If we design the system so that both processing times are equal, this inconsistency could be solved but would increase the delay for the uplink scheduling. Another approach would be to signal the resource allocation of ACK/NACK separately but this requires additional downlink overhead. Therefore, this additional downlink signaling approach is not a good one.

b) By not transmitting any additional signaling in both uplink and downlink (blind detection)

The detection of the transmitted combination in a subframe by Node B could be carried out blindly. Although this has the reduction of signaling overhead merit, additional complexity for Node B should be carefully considered. To have CRC for L1/L2 control signaling would reduce the probability of false blind detection, but the CRC overhead should be considered carefully.

c) By using uplink signaling

The third approach is explicit uplink signaling in order to inform about the signaling combination in a subframe. A Sub-frame Format Indicator (SFI) as illustrated in Figure 1 is transmitted in the uplink. Note that this figure is used for illustration purpose only and the position and the order of control signaling and data within the subframe is FFS. The SFI is composed of indicator bits to represent which combination of L1/L2 control signals is transmitted in the sub-frame. For example, to indicate any of the four possible combinations in table 1 requires two bits for SFI. Although this increases overhead in the uplink, Node B complexity could be reduced compared to blind detection. In addition, Node B can know explicitly whether the downlink scheduling command was correctly received or not. The SFI would be encoded separately from L1/L2 control signaling and uplink data. The number of symbols, allocated part of sub-frame(s), and modulation and coding scheme for the SFI would be fixed, the respective details are FFS.
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SFI: Sub-frame Format Indicator


Figure 1 Sub-frame format indicator (SFI)

5. Conclusion

In this paper, we discussed the multiplexing method between L1/L2 control signals and uplink data. We propose the following: 

- Dynamic allocation method, such that the position and the number of symbols for L1/L2 control signaling are allocated dynamically, depending on the transmission of L1/L2 control signaling in a TTI.

- In order for Node B to know the combination of the transmitted L1/L2 control signaling and data, a sub-frame format indicator (SFI), which indicates the combination, should be considered. The combination method with Node B blind detection also should be considered.
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