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1. Introduction

This paper deals with L1/L2 control signalling transmitted in the LTE UL. We concentrate on the case when the UE has only L1/L2 control signals to be transmitted but not the UL data (i.e., data-non-associated control such as ACK/NACK and CQI). In RAN1 meeting #46bis held in Seoul, some working assumptions related to the UL control signaling were agreed. Related to the data-non-associated transmission in absence of UL data, the working assumptions is to use a reserved frequency and time resource for control signaling. 

The first open issue related to the control signal transmission in the absence of UL data is related to the multiplexing, i.e., how to share the resource between multiple users (both intra- and inter-cell) simultaneously transmitting L1/L2 control signalling. We consider this topic in [1] and [2].
The second open issue is related to the reference signal transmission with the data-non-associated control signalling. The two presented approaches are coherent method and non-coherent method which does not contain a separate RS for coherent detection [3]. We consider this issue in Chapter 2. Some performance comparison between the schemes is presented in Chapter 4. The multiplexing schemes presented in [1] assume that a separate RS resource is reserved for all the signalling resources.

The third open issue is related to the multiplexing of the ACK/NACK and CQI (and any other signalling) from the same UE. This topic is discussed in Chapter 5.
2. Coherent and Non-coherent methods
It has been shown that CDM is superior to FDM in L1/L2 control signal multiplexing between different UEs since each UE only sees an averaged inter-cell interference [1-3]. CDM also avoids peaky transmissions which happen in FDM because UE needs to concentrate its transmission power on a few sub-carriers. [1] points out that that in order to maximize the multiplexing capacity both CDM-based techniques, block-wise spreading and cyclic shifts of CAZAC sequence should be used. 
This chapter presents different CDM-based multiplexing schemes for coherent and non-coherent methods. Figure 1 presents a coherent method [1] whereas Figure 2 illustrates a non-coherent method. The non-coherent method does not contain separate reference signal block to support coherent detection [3]. We note that having CDM (i.e., block-level spreading) on top of non-coherent transmission results in better coverage than using TDM approach [3]. The coverage benefit is achieved at the cost of slightly reduced orthogonality with the highest UE velocities [1].  
Figure 3  illustrates a combination of coherent and non-coherent method. In that method some UEs have separate RSs (e.g., UEs having only CQI or both CQI+ACK/NACK) whereas some UEs apply the non-coherent method (e.g., UEs having only ACK/NACK). Multiplexing of the non-coherent and coherent signals into the same physical resource block requires that the block-level spreading is utilized similarly in both methods. It is noted that the link budged of non-coherent method in scheme #3 (Figure 3) is decreased by 0.7 dB compared to the scheme #2 (Figure 2). This is caused by the fact that one data block cannot be used for control signal transmission. 
All the considered schemes can be configured to transmit 12 symbols/block consisting of  

· CAZAC sequences of length 12 sub-carriers which is the minimum size of one physical resource block. These sequences can be used to transmit small amount of information such as ACK/NACK [1]. The same sequences are used also as a dedicated RS needed by the coherent methods.
· CQI information transmitted with the DFT-S-OFDM transmission method 

· ACK/NACK and CQI (and any other signaling) from the same UE transmitted with the DFT-S-OFDM method (see Chapter 5).

The transmitted sequence is spread with a block spreading code of length which equals to the number of data (or pilot) blocks per slot. The used spreading factors are shown in Table 1. Division between the pilot and data blocks, shown Figure 1 is done in such that the number data and pilot resources are in balance. 
Table 1. Spreading factor for block level spreading
	
	SF, data
	SF, pilot

	Scheme #1
	4
	3

	Scheme #2
	7
	-

	Scheme #3
	6
	-
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The number of parallel resources provided by the compared schemes depends on the SF of block-level spreading (see Table 1) and the number of cyclic shifts used under the block-level codes. As mentioned, the considered CDM based schemes can be configured to transmit CAZAC sequences of length 12 sub-carriers. Each CAZAC code provides several sequences with the usage of cyclic shifts. The different cyclic shifts are almost completely orthogonal if the length of cyclic shift is larger than delay spread of radio channel. For example, with an assumption of 5 us delay spread in the radio channel 6 orthogonal cyclic shifts inside one short block (SB) can be used. Correspondingly the delay spread is smaller that 2.5us, then 12 orthogonal cyclic shifts are available.
The following table summarizes the multiplexing capacity of three different signaling combinations for the considered approaches shown in Figure 1 - Figure 3. The calculations have been made assuming that the ACK/NACK signaling consists of only a single information bit. The size of the CQI resource equals to 24 ks/s.
Table 2. Multiplexing capacity  (number of UEs/PRB/TTI/ZC sequence)
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Multiplexing scheme

#1, coherent #2, non-coherent #3, non-coherent

 number of SF=4 (data) SF=7 SF=6

cyclic shifts SF=3 (pilot)

Number of UE with ACK/NACK (1 bit) 6 18 21 18

Number of Ues with CQI (24 ks/s) 6 4 7 6

# of UEs with CQI, 12 UEs transmitting ACK/NACKs (1 bit) 6 2 3 2


Results of Table 2  show that with the given assumptions one can support 18-21 simultaneous ACK/NACK transmissions with one PRU, TTI length of 1 ms and a single ZC sequence. It is noted that the multiplexing capacity of coherent approach (scheme #1) is limited by the number of RSs. Table 3 compares the multiplexing capacity of coherent and non-coherent methods with 1 bit and 3 bits signaling . 

Table 3. Multiplexing capacity, number of UEs/PRB/TTI (number of UEs/PRB/TTI/ZC sequence)
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Multiplexing scheme

#1, coherent #2, non-coherent #3, non-coherent

 number of SF=4 (data) SF=7 SF=6

cyclic shifts SF=3 (pilot)

1-bit Feedback (ACK/NACK) 6 18 21 18

3 bit Feedback 6 18 7 6


Table 3  shows that that the multiplexing capacity of a single ZC sequence reduces significantly with the non-coherent method if the number of information bits is increased (an assumption is that a single bit requires two orthogonal code resources). Using coherent approach each CAZAC sequence can convey 1 bit, 2 bits, or 3 bits, depending on the modulation scheme (BPSK, QPSK or 8PSK). The multiplexing capacity with 1-3 information bits may be an issue when the considered resource is used as a feedback channel for different DL MIMO techniques.
3. Performance 

This section compares the detection performance of cohererent and non-coherent and methods. Figure 4 shows that the detection performance of methods having separate RSs to support coherent detection and non-coherent methods is almost equal.
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Figure 4. Performance comparison between coherent and non-coherent ACK/NACK transmission schemes.
4. Multiplexing of ACK/NACK and CQI from a single UE

The block level multiplexing of ACK/NACK and CQI (and any other signaling) using modulated CAZAC sequences is presented in [4].  Another approach would be to apply the block-wise spreading for the signal containg ACK/NACK and CQI. In that case the multiplexing can be done in symbol level prior the spreading and DFT. An example of symbol level multiplexing is shown in Figure 4 (SF=4 for data blocks, SF=3 for RS blocks). 


[image: image4]
Coherent method presented in Figure 1 was assumed in the example shown in Figure 4 but similar arrangement can be applied also with the non-coherent methods. Symbol indexes (prior DFT) from 1 to 4 are reserved for ACK/NACK and symbol indexes from 5 to 12 for CQI, respectively.  By utilizing this kind of arrangement it is possible to send multiple CQI bits, e.g., 10 bits together with one ACK/NACK bit in one TTI. 

The merit of the proposed symbol level multiplexing over block level multiplexing is that with the same processing gain of ACK/NACK, the symbol space of CQI is larger. This is especially the case when the frequency allocation is larger than 1 RB and also in case where some additional LBs are allocated to pilot symbols. Because of the larger symbol space for CQI, we propose that symbol level multiplexing should be used when multiplexing the ACK/NACK and CQI into the same physical resource.
5. Conclusions 

We have compared different CDM based multiplexing schemes to transmit L1/L2 control signaling. Results show that the detection performance of methods having separate RSs to support coherent detection and non-coherent methods is almost equal. There are some differences in multiplexing capacity between two schemes. The biggest differences exist with the signalling of 2-3 bits. This kind of operation area supports coherent approach.
Additionally we have considered block- and symbol level multiplexing options for multiplexing  the ACK/NACK and CQI bits into the same physical resource.  Because of the merit of larger symbol space for CQI, we propose the symbol level multiplexing.

References

[1]

R1-070394, “Multiplexing of L1/L2 Control Signals between UEs in the absence of UL data”, Nokia

[2]

R1-070393, “ACK/NACK coverage in the absence of UL data ACK/NACK”, Nokia
[3] 
R1-063219 , “ACK/NAK Transmission without Reference Signal Overhead in E-UTRA Uplink”, Texas Instruments
[4]
R1-063579, “CDMA based Multiplexing of ACK/NACK and CQI Control Information in E-UTRA Uplink”, KDDI, NTT DoCoMo

Figure � SEQ Figure \* ARABIC �1�. Multiplexing scheme #1, coherent method. 








Figure � SEQ Figure \* ARABIC �2�. Multiplexing scheme #2, non-coherent method.








Figure � SEQ Figure \* ARABIC �3�. Multiplexing scheme #3, combination of coherent and non-coherent methods.








Figure � SEQ Figure \* ARABIC �5�. Symbol level multiplexing between ACK/NACK and CQI








� CPs have been excluded from the figures for the sake of clarity.





