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1. Introduction

The Technical Report [1] describes that the basic uplink transmission scheme is based on low-PAPR single-carrier transmission with cyclic prefix (CP). In the previous meeting RAN1#42, we analyzed SINR improvement of Data symbols by combining with CP in SC-FDMA with time-domain processing [3]. In this document, we analyze SINR improvement of data block symbols by combining with CP in SC-FDMA with frequency domain processing. Parameters for frequency domain processing used in this document are based on the agreed text proposal [4].
2. Cyclic Prefix symbols Creation process with Frequency Domain Processing
CP is used to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Figure 1 shows Sub-Frame format with two short blocks/sub-frame.

CP is created for each long block (LB) or short block (SB). CP of LB is created from the last 63 samples of the 1024 long block samples as shown in Table 1. In other words, the CP is identical to the last 63 samples of the long block. CP of SB is created in the same manner as CP of LB. Figure 2 shows the block diagram of the transmitter and Figure 3 shows how CP is created from the data block and shows the relation between transmitted data symbols and data samples after frequency domain processing.
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Figure 1 Sub-frame format with two short blocks/sub-frame
Table 1 Parameters for Uplink Transmission Scheme using BW efficiency of ~90% for 10MHz bandwidth

	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers/samples)
	Short block size
((s/#of occupied subcarriers/samples)
	CP duration
((s/samples)


	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1
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Figure 2 Block diagram of SC-FDMA transmitter with frequency domain processing
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Figure 3 CP symbols of LB with Frequency domain processing 

3. SINR improvement of Data Symbols by combining with CP

As we discussed in the previous contribution [3], there is a possibility to improve SINR of some data block symbols by combining with CP, because CP samples are identical to the last samples of data blocks as explained in chapter 2. The process of the combination is shown in this chapter.

The receiver can combine all CP samples regardless of the maximum delay path length. This combination may cause some performance degradation due to interference from the previous data block samples. However, even in the worst case, when all CP samples are interfered from the previous data block samples, the number of samples whose SINR is increased and the number of samples whose SINR is degraded are identical. Therefore the average SINR of the data samples in this worst case is same as the SINR of the conventional method without CP combining. As a result the average SINR of the data samples can be improved by the combining.

The receiver’s combination process is shown in Figure 4. At the receiver all CP samples are combined with the original data samples. An example of the receiving process in a multi-path channel with the maximum path length of 32 samples is described. Regardless of the maximum delay path length, the receiver combines the whole cyclic prefix of 63 samples with the last 63 samples of the data part. The 63 samples of the data part include 37 symbols of data as shown in Figure 3.
At the output of FDE, the SINR of the purple part is degraded by the interference from the previous data block samples, while the SINR of the orange part is improved thanks to the combination of CP and data block.  The number of the improved sample is 63 and the number of degraded sample is 32. Therefore the average SINR of the data block can be improved.
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Figure 4 Combination of all CP at the receiver

Another approach is that only non-interfered CP samples are combined with the identical samples in a data block. At the receiver, the maximum length of delay path is detected. Then, CP samples which are not interfered from the previous data block can be combined with the original data samples. 

4. Performance Evaluation

4.1. Simulation assumptions

Table 2 shows the simulation parameters of the performance evaluation. SINR analysis is done only for LB in order to compare the performance in the same CP length. 

The relation between the CP length and maximum path length in PA,VA and TU path model is explained as Channel Model. It should be noted that the maximum path length (77 samples/45 symbols) is longer than CP length (63 samples / 37 symbols) in the TU path model.

Table 2 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, 1 receive antenna

	Receiver structure
	LMMSE frequency domain equalizer

	Modulation
	QPSK

	Channel estimation
	Ideal

	Channel model
	Pedestrian-A               maximum delay path timing  = 0.41us   (  7 samples / 4 symbols )

Vehicular-A                 maximum delay path timing = 2.51us  (39 samples /23 symbols) 
Typical Urban model   maximum delay path timing = 5.00us(77 samples / 45 symbols)
CP length                                                                   = 3.42us   (63 samples / 37 symbols)

	Mobile velocity
	3, 30, 120, 350 km/h

	Es/No
	5dB


4.2. Simulation results with frequency domain processing (Combine all CP)

Figure 5 shows the SINR improvement of received symbols employing the all CP combining method in PA path model. SINR increase can be seen for the last 33 symbols of the data block. 

Figure 6 shows the SINR improvement of received symbols employing the all CP combining method in VA path model. It can be observed that SINR of data block symbols is improved by the CP combining method. 

Figure 7 shows the SINR improvement of received symbols employing the all CP combining method in TU path model in various UE velocities. SINR degradations are observed at some symbols just before last 37 data symbols.  However a SINR improvement of the last 37 symbols by 1.5dB can be observed. As a result the averaged SINR of the data block symbols is improved. Some performance degradation can be observed for the first few the data symbols. This is because the maximum path length (45 symbols) is longer than the CP length (37 symbols). The performance degradation of the first 8 symbols is therefore caused by interference from symbols of the previous data block.
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Figure 5 SINR improvement by combining all CP symbols in PA channel model
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Figure 6 SINR improvement by combining all CP symbols in VA channel model
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Figure 7 SINR improvement by combining all CP symbols in TU channel model

5. Application of the SINR improvement

Above simulation results show that the SINR can be improved at the receiver by combining CP symbols and the data blocks. 
Two applications are introduced to utilize the improved SINR:One is to map systematic information of Turbo encoded bits on the high SINR symbols. The other is to map control channel information on the high SINR symbols[3].
5.1. Mapping systematic information of Turbo Encoded bit on the high SINR symbols

The high SINR symbols can be utilized to improve the packet error rate by mapping systematic information of Turbo encoded bits on the high SINR symbols. 

For HSDPA it has been discussed in 3GPP RAN1 that when the bit error rate of systematic bits is slightly lower than that of parity bits, the bit error rate of turbo decoded information becomes better than for same error rate of systematic and parity bits in the same average SINR of coded bits[2].

Therefore the mapping of systematic bits on the high SINR symbols will lead to a total packet error performance improvement. Figure 8 shows an example of the systematic bit and parity bit mapping. 
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Figure 8 Mapping systematic information on high SINR symbols

5.2. Mapping control channel information on the high SINR symbols

The high SINR symbols can be utilized to transmit control channel information. The frame format of the considered data mapping is shown in Figure 9. The mapping of control channel information on the high SINR symbols can realize low packet error rate for control channel. Therefore the mapping of control channel on the high SINR symbol will lead to total system performance improvement.
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Figure 9 Mapping control channel information on high SINR symbols

6. Conclusion
In this document, we have analyzed the SINR improvement of data block symbols by combining with CP in SC-FDMA with frequency domain processing. The simulation results show that the SINR of some data block symbols can be increased by about 3dB in the channel models PA,VA and TU. The high SINR symbols can be utilized to transmit systematic bits or control information, which leads to the system performance improvement. It is confirmed that the SINR improvement of Data symbols by combining with CP can be observed both with time domain processing shown in Annex A [3] and with frequency domain processing.

7. 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
Important information such as control channel or systematic bits should be mapped on the data symbols from which CP symbols are created. This mapping enables the receiver to improve SINR of the important information by combining with CP. The SINR improvement can reduce the error of the important information and this leads to system performance improvement.
-------------------------------------- End of Text Proposal ------------------------------------------------
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Annex A: 
Performance Evaluation with time domain processing [3]
A.1 Simulation assumptions

Table A.1 shows the simulation parameters of the performance evaluation. SINR analysis is done only for LB in order to compare the performance in the same CP length with time domain processing [3]. The relation between the CP length and maximum path length in PA,VA and TU path model is explained as Channel Model. It should be noted that the maximum path length (41 symbols) is longer than CP length (28 symbols) in the TU path model.

Table A.1 simulation parameters

	Radio access
	Single-carrier (Localized FDMA)

	Transmission BW
	10MHz

	Roll-off factor
	0.14375

	Sub-frame duration 
	0.5 ms

	Long block size
	62.50/512 (s/symbols)

	Short block size
	31.25/256 (s/symbols)

	CP duration
	3.91/32  1, 3.42/288 (s/symbols)

	Antenna configuration
	1 transmit antenna, 1 receive antenna

	Receiver structure
	LMMSE frequency domain equalizer

	Modulation
	QPSK

	Channel estimation
	Ideal

	Channel model
	Pedestrian-A               maximum delay path timing  =  0.41us  (  3 symbols)

Vehicular-A                 maximum delay path timing = 2.51us  (21 symbols)

Typical Urban model   maximum delay path timing = 5.00us(41 symbols)

CP length                                                                   = 3.42us   (28 symbols)

	Mobile velocity
	3, 30, 120, 350 km/h

	Es/No
	5dB


A.2 Simulation results
Figure A.1 shows the SINR improvement of received symbols employing the all CP combining method in PA path model. Even though the interference from the previous signal affects the SINR, the total SINR increase can be seen for the last 25 symbols of the data block. 

Figure A.2 shows the SINR improvement of received symbols employing the all CP combining method in VA path model. Some performance degradation can be observed for the symbols preceding the last 28 data symbols. However the averaged SINR of all data block symbols is improved by the CP combining method. 

Figure A.3 shows the SINR improvement of received symbols employing the all CP combining method in TU path model in various UE velocities. SINR degradations are observed at some symbols just before last 28 data symbols.  However a SINR improvement of the last 28 symbols by 1.5dB can be observed. As a result the averaged SINR of the data block symbols is improved. Some performance degradation can be observed for the first few the data symbols. This is because the maximum path length (41 symbols) is longer than the CP length (28 symbols). The performance degradation of the first 13 symbols is therefore caused by interference from symbols of the previous data block.

Some SINR degradation can be observed for the symbols just before the CP in Figure A.2 (VA path model) and Figure A.3 (TU path model). However, the degradation is small compared to the improvement for the CP part. For instance the number of degraded symbols in VA path model is 4, while the number of the improved symbols in the same path model is 27.
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Figure A.1  SINR improvement by combining all CP symbols in PA channel model (time domain processing)
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Figure A.2  SINR improvement by combining all CP symbols in VA channel model (time domain processing)
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Figure A.3  SINR improvement by combining all CP symbols in TU channel model (time domain processing)
