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1. Introduction
Several multiplexing method for uplink control channel have been discussed [1]-[3]. In this contribution, we further discuss mapping position of control channel regarding timing and multiplexing. 

Our proposal of the mapping position of control channel for uplink SC-FDMA is
- to transmit in the first data block in a sub-frame
- to multiplex in time domain
- to map on the symbols from which CP symbols are created [4][5]

2. Discussion

2.1. Contents of uplink control channel

The uplink control channel carries two types of information. One is control information for downlink and the other is for uplink data channel. For instance, CQI of DL channel and ACK/NACK of DL channel are for downlink. Examples of control information for uplink are resource allocation, data size and HARQ info.

2.2. Block level transmission timing 

We propose to transmit the control channel in short time duration, i.e. not scattered in time‑domain over a whole sub‑frame and as early as possible in a sub‑frame. When the control channel size is small enough, the control channel should be transmitted in the first data block in a sub‑frame as shown in Figure 1

For transmitting the downlink control information (like CQI) in short time duration, we see the following benefits:

· If the delay between CQI measurement at UE and downlink scheduling decision is constant, more processing time can be allocated to UE and/or node B.
· If the processing time of UE and Node B are constant, the period between downlink measurement and CQI report could be reduced. In this case, a more recent channel condition could be reported by mapping the control information in a single data block. This improves system performance [6].
For transmitting the uplink control information (like resource allocation or HARQ info) as early as possible in the sub‑frame, the Node B can start demodulating the data part at earlier time.
[image: image1.emf]C

P

SB

C

P

LB

C

P

LB

C

P

LB

C

P

LB

C

P

LB SB

C

P

C

P

LB

1 sub-frame = 0.5msec

Control Channel is transmitted

1 data block


Figure 1 control channel transmitted at the first data block

2.3. Multiplexing method

In the previous section, we proposed to map uplink control channel at the first data block in a sub-frame. Within the data block, there are still two approaches to multiplex the channel. One is the time domain multiplexing of the control information with the remaining part (possibly data). The other is the frequency domain multiplexing of the control information with the remaining part. We propose to take time domain multiplexing in order to maintain low PAPR feature of single carrier transmission, which is highly required for uplink transmission. Figure 2 shows the time and frequency domain multiplexing of control channel.
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Figure 2 Time domain multiplexing and Frequency domain Multiplexing

Block diagrams of time domain multiplexing is shown in Figure 3. The control channel and the data channel are channel coded and modulated respectively and time multiplexed before DFT.
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Figure 3 Block diagram of Time domain multiplexing

2.4. Mapping position in time domain within a data block 

We further compare two types of mapping method in time domain within a data block.

a) Scattered mapping

The first method is scattering mapping of control channel within a data block shown in Figure 4 a). Although this mapping can obtain time diversity gain, we don't expect so much gain because scattered symbols’ qualities would not fluctuate enough much within 66.6us time period of a data block.

b) CP-mapping (Mapping onto symbols from which the CP symbols are created)
The second method is to map control information on the symbols from which CP is created [4][5] shown in Figure 4 b). In this case the receiver can combine the CP symbols with the symbols where the control channel information is mapped. This method provides not only time diversity gain but also processing gain against noise. The improvement of SINR by this method has been shown in the past contributions [4][5]. 
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Figure 4 control channel mapping within a data block

3. Performance evaluation

3.1. Simulation assumptions

Two sizes of the control channel bits of 10 and 100 are evaluated. It should be noted that this number is only for performance evaluation and the actual required number of bit for the control channel should be further discussed. 

Although a channel coding used in E-DPCCH or the convolutional coding with tail biting are other possibilities, we evaluated with convolutional coding for a basic performance evaluation. In case of 10 bits, control information are transmitted in the first data block. In case of 100bits, the information are transmitted in the first three data blocks. We compared the following mappings:

· CP-mapping (Mapping onto symbols from which the CP symbols are created)
· Scattered mapping in time-domain
· Scattered mapping in frequency-domain [2], block diagram see Figure 5
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Figure 5 Block diagram and scattered mapping in frequency domain [2]

The other simulation parameters are shown in Table 1.

Table 1 simulation parameters

	Radio access
	Single-carrier (Localized FDMA)

	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Long block size
	66.67/600/1024 (s/#of occupied subcarriers/samples)

	Short block size
	33.33/300/512 (s/#of occupied subcarriers/samples)

	CP duration
	4.62/71  1, 4.1/63 (s/samples)

	Antenna configuration
	1 transmit antenna, 2 receive antenna

	Receiver structure
	LMMSE frequency domain equalizer

	Number of control channel bit
	10bit,100bit

	Channel Coding
	Convolutional coding R=1/2

	Modulation
	QPSK

	Channel estimation
	Ideal

	Channel model
	Typical Urban model   maximum delay path timing = 5.00us(77 samples / 45 symbols)

CP length                                                                   = 3.42us   (63 samples / 36 symbols)

	Mobile velocity
	3km/h, 350 km/h

	control channel mapping within a data block
	CP-mapping (Mapping onto symbols from which the CP symbols are created)

Scattered Mapping in Time domain 

Scattered Mapping in Frequency domain


3.2. Simulation results

The BLER performance of 10 bit control channel in a case of 3km/h UE velocity is shown in Figure 6. We observed that the CP-mapping achieves 1.5dB better performance compared to scattered mapping at the error rate of 0.1%. This is because the SINR improvement gain by combining with CP is more powerful compared to the time diversity gain obtained by the scattered mapping.
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Figure 6 BLER of control channel (10bit) in TU path model 3km/h

The BLER performance of 10 bit control channel in UE velocity of 350km/h is shown in Figure 7. In this scenario, more time diversity gain than 3km/h case is expected in scattered mapping. However the performance difference between 350km/h scenario and 3km/h of the time‑domain scattered mapping is only 0.2dB at the error rate of 1% and is almost zero at the error rate of 0.1%. This is because the data block (66.67us) is too short to obtain enough time diversity gain by scattering symbols within in a data block. On the other hand, the performance improvement by CP-mapping is about 1.9dB over scattered mapping.
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Figure 7 BLER of control channel (10bit) in TU path model 350km/h

The BLER performance of 100 bit control channel in UE velocity of 3km/h and 350km/h are shown in Figure 8 and Figure 9 respectively. The results show the same trend as 10 bit control channel cases. 
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Figure 8 BLER of control channel (100bit) in TU path model 3km/h
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Figure 9 BLER of control channel (100bit) in TU path model 350km/h

According to the simulation results, it is proven that the proposed CP-mapping (to map the control channel information on the symbols from which the CP is constructed) can improve block error rate performance of control channel.

4. Conclusion
In this document, we discussed the control channel mapping for uplink SC-FDMA. Based on the shown simulation results we propose the following:
- to transmit the control channel in the first data block(s) in a sub‑frame

- to multiplex the control channel in time domain within a data block in order to maintain low PAPR feature of single carrier transmission

- to map the control channel information on the symbols from which the CP is constructed in order to obtain better block error performance

5. Text Proposal (Section 9.1.1.3 SC-FDMA  in TR25.814)

-------------------------------------- Start of Text Proposal ----------------------------------------------

9.1.1.3 Channel coding and physical channel mapping
Similar to the downlink, the current assumption is that uplink channel coding for Layer 3 information is based on current UTRA release 6 Turbo coding, possibly extended to lower rates by the extension of additional code polynomials, extended to longer code blocks, and modified by the removal of the tail. However, also similar to the downlink, the use of alternative FEC encoding schemes could be considered if significant benefits in terms of complexity and performance could be shown. 

To achieve high processing gain, repetition coding can be used as a complement to FEC.

Uplink channel coding for lower-layer control signaling is TBD.
The control channel should be transmitted in the first data block(s) in a sub-frame, be multiplexed in time domain and be mapped on the symbols from which the CP is constructed.
-------------------------------------- End of Text Proposal ------------------------------------------------
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