3GPP TSG RAN WG1 NB-IoT Ad-Hoc Meeting #2	R1-161957
Sophia-Antipolis, France, March 22-24, 2016

Agenda Item:	2.2.5
Source:	Huawei, HiSilicon
Title:	NB-PSS Signal Design
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 NB-IoT ad-hoc, a number of agreements were reached on the synchronization signal design as following.
Agreement: 
· The periodicity of NB-PSS transmission is 10ms.
· The sequence for NB-PSS is generated at each OFDM symbol
· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.
· The 11 root sequence indices are FFS. 
Agreements:
· NB-PSS is transmitted in subframe 5
· NB-SSS is transmitted in subframe 9 
· Number of symbols for NB-SSS: 11
· NB-SSS base sequence is constructed from one or more ZC sequences
· Length FFS
· FFS whether multiple root sequences are used or a binary scrambling code
A number of companies raised concerns on the short sequence based NB-PSS design due to the lack of thorough evaluations or extensive peer-review, especially compared to the long sequence based design. As a result, in the end RAN1 agreed to revisit this agreement if significant issues are identified. As an alternative to the short sequence based NB-PSS designs, a long sequence based design was proposed in [1]. A few companies felt unclear regarding the signal generation of the long sequence based NB-PSS during the meeting. In this contribution, the long NB-PSS generation procedure is elaborated.
In our companion contribution [2], the evaluation results show that all the short sequence based NB-PSS designs encounter significant issues such as very high UE complexity or substantial performance degradation compared to the long sequence based design. In order to ensure the whole system performance, it is worthwhile to consider again the alternative of the long sequence based NB-PSS design.
NB-PSS signal generation
The long sequence based NB-PSS signal consists of two Zadoff-Chu (ZC) sequences NB-PSS1 and NB-PSS2. NB-PSS1 is generated based on a -length ZC sequence with root index 1, while NB-PSS2 is based on the complex conjugate of NB-PSS1
                                      (1)
                                       (2)
where the ZC sequence length of is 139 by our design. The sequence of NB-PSS is then oversampled, grouped, CP sample punctured, transformed by DFT/IFFT and CP appended to generate the time-domain final baseband signals. The signal generation procedure is detailed in the following.
Step 1: Let  denote the 139-length NB-PSS1 or NB-PSS2 ZC sequence. Sequence  is oversampled to obtain a sequence  of 1508 samples. The oversampling is performed as follows.
· 139-point DFT is firstly applied to  to get sequence , where .
· Zeros are added to  to produce a 1508-length sequence, where
.
· 1508-point IDFT is applied to  to obtain the sequence , where
 .
Note 1: Normalized operation is needed for signal after the DFT/IDFT function of MATLAB.
Note 2: The signal needs to be reversed before use by IDFT function of MATLAB.
The oversampling process is shown in Figure 1.
[image: ]
[bookmark: _Ref444869650]Figure 1. Oversampling process
Step 2: The output sequence  is then grouped and punctured to get 11 sub-sequences  .
· Sequence  is divided into 11 groups each of which consists of a certain number of contiguous samples of .  The numbers of samples for the 11 groups are 137, 137, 137, 137, 138, 137, 137, 137, 137, 137 and 137.
· The first 10 samples in the 5th group () are removed while the first 9 samples are removed for each of the other 10 groups. The reason is the CP length of the 1st OFDM symbol in each slot in LTE is 1 sample longer than the other symbols at 1.92 MHz sampling rate. After the sample removal, 11 sub-sequences    are obtained each with length of 128 samples.
An illustration of the subsequence generation is shown in Figure 2. 
[image: ]
[bookmark: _Ref444871268]Figure 2. Sub-sequence generation

Step 3: Each of the 11 sub-sequences  is transformed by FFT then mapped to the available subcarriers corresponding to the OFDM symbol.
· 128-point FFT is applied to each of the 11 sub-sequences   then 11 128-length sequences   are obtained. The center 12 elements of each of the 128-length sequences   are kept and mapped to the 12 subcarriers at each OFDM symbol in a descending order.
· For the in-band operation mode, the REs corresponding to LTE CRS are punctured.
· Basedband signal is generated following the same way as LTE downlink.
Note1: Normalized operation is needed for signal after the FFT/IFFT function of MATLAB. 
An illustration of the resource mapping is shown in Figure 3. 
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[bookmark: _Ref445225573]Figure 3. Resource mapping
Step 4: CP is appended following the same way as LTE downlink
· A CP of 10 samples is appended to the first OFDM symbol in the second slot, and a CP of 9 samples is appended to the other OFDM symbols
The CP insertion is shown in Figure 4. 
[bookmark: _GoBack][image: ]
[bookmark: _Ref445225623]Figure 4. CP insertion
[bookmark: _Ref445285547]It worth noting that the preceding steps may not be necessary to perform every time in a real implementation. The sequences in the frequency domain can be prepared in advance then incorporated into the same processing as LTE signals/channels. For each OFDM symbol, the frequency-domain NB-PSS sequence can be also regarded as a short sequence although in the time-domain these sequences form a relatively longer ZC sequence. The frequency domain sequences at different OFDM symbols are shown in Table 1 and Table 2.
[bookmark: _Ref445300407]Table 1. NB-PSS1 frequency-domain sequences 
	OFDM symbol 3
	OFDM symbol 4
	OFDM symbol 5
	OFDM symbol 6
	OFDM symbol 7
	OFDM symbol 8
	OFDM symbol 9
	OFDM symbol 10
	OFDM symbol 11
	OFDM symbol 12
	OFDM symbol 13

	-0.5673-0.6843i
	-0.0497+0.3402i
	0.1487-0.1118i
	-0.1736+0.0497i
	0.1296+0.0659i
	-0.0981-0.0429i
	0.1411+0.1871i
	0.0091-0.3597i
	-0.0777+0.457i
	-0.3028-0.2315i
	0.2373-2.0504i

	-0.217+0.1833i
	0.0902+0.0122i
	-0.0428+0.0154i
	-0.0085-0.0014i
	-0.0233+0.024i
	-0.0107+0.0862i
	0.1562+0.054i
	-0.0783-0.2898i
	0.1197+0.5943i
	-1.0731-1.3789i
	-1.318+1.6922i

	-0.1309+0.1156i
	0.081+0.0089i
	-0.0436+0.0229i
	-0.0144-0.004i
	-0.0314+0.0286i
	-0.0243+0.1079i
	0.2089+0.099i
	-0.0534-0.4958i
	-0.5147+1.3707i
	1.6795+1.8859i
	-0.096+0.6922i

	-0.1181+0.0867i
	0.0845+0.0097i
	-0.0486+0.0294i
	-0.0218-0.0054i
	-0.0467+0.0332i
	-0.0543+0.1454i
	0.3024+0.2286i
	0.5386-1.0392i
	0.4652-2.7266i
	0.791+0.2472i
	-0.0419+0.3647i

	-0.1213+0.0729i
	0.094+0.0114i
	-0.0568+0.0382i
	-0.0348-0.0069i
	-0.079+0.0367i
	-0.1498+0.2157i
	0.2459+0.8664i
	-0.455+2.945i
	-0.3477-0.7493i
	0.4292+0.1265i
	-0.0375+0.2364i

	-0.1328+0.0661i
	0.1099+0.0134i
	-0.0697+0.0529i
	-0.0624-0.0092i
	-0.1679+0.0244i
	-0.6668+0.1881i
	-2.2102-2.2419i
	0.4005+0.683i
	-0.183-0.3877i
	0.2896+0.0949i
	-0.0378+0.1656i

	-0.1527+0.0637i
	0.136+0.0154i
	-0.0918+0.0822i
	-0.142-0.0194i
	-0.4988-0.2626i
	1.5813-2.8551i
	-0.7168+0.0054i
	0.1917+0.3394i
	-0.1146-0.2658i
	0.2151+0.0787i
	-0.0392+0.1176i

	-0.1852+0.0656i
	0.1831+0.0161i
	-0.1411+0.1585i
	-0.4979-0.2011i
	2.5459-2.1364i
	-0.3051-0.5592i
	-0.3167-0.016i
	0.1169+0.2343i
	-0.0804-0.2024i
	0.1676+0.068i
	-0.0412+0.0789i

	-0.2418+0.074i
	0.289+0.0114i
	-0.3987+0.4519i
	1.0445-3.1669i
	-0.2423-0.4998i
	-0.1083-0.2196i
	-0.2014-0.0318i
	0.0826+0.1819i
	-0.0605-0.162i
	0.133+0.0599i
	-0.0438+0.0413i

	-0.3608+0.0966i
	0.6806+0.03i
	-3.1693-0.8504i
	-0.5305-0.0693i
	-0.0862-0.1366i
	-0.0517-0.1423i
	-0.1461-0.0377i
	0.0646+0.1506i
	-0.0482-0.1324i
	0.104+0.0523i
	-0.0466-0.005i

	-0.7522+0.1283i
	1.8241+2.5673i
	0.2609+0.5816i
	-0.1289+0.0593i
	-0.0389-0.0665i
	-0.0334-0.1098i
	-0.1118-0.0428i
	0.0568+0.1311i
	-0.0416-0.1059i
	0.0733+0.0427i
	-0.0452-0.0849i

	-2.2211-1.8147i
	-0.0782-0.878i
	0.2281+0.0762i
	-0.0333+0.0595i
	-0.0329-0.0282i
	-0.0364-0.0994i
	-0.0815-0.0576i
	0.066+0.1245i
	-0.046-0.0665i
	0.0168+0.0164i
	0.0349-0.3106i



[bookmark: _Ref445728877]Table 2. NB-PSS2 frequency-domain sequences
	OFDM symbol 3
	OFDM symbol 4
	OFDM symbol 5
	OFDM symbol 6
	OFDM symbol 7
	OFDM symbol 8
	OFDM symbol 9
	OFDM symbol 10
	OFDM symbol 11
	OFDM symbol 12
	OFDM symbol 13

	1.1939-1.365i
	-0.2592+0.3607i
	0.1384-0.0509i
	-0.1329-0.0946i
	-0.0225+0.1713i
	0.1243-0.1186i
	-0.115-0.0223i
	0.2105+0.1351i
	-0.1912-0.2156i
	0.0107+0.4045i
	0.9789-0.4315i

	-1.3395+2.2845i
	0.6794+0.945i
	-0.0304-0.3782i
	-0.1053+0.1073i
	0.0319+0.0321i
	0.0178-0.0278i
	0.0488-0.0443i
	0.0556+0.0621i
	-0.0858-0.0128i
	0.0548+0.0202i
	0.0293+0.2231i

	-0.7401+0.2371i
	-0.7842-2.878i
	-0.5705-0.6809i
	-0.1337+0.2109i
	0.0571+0.046i
	0.0306-0.0361i
	0.0608-0.0484i
	0.065+0.0726i
	-0.1051-0.0158i
	0.0855+0.031i
	-0.0146+0.0527i

	-0.3952+0.0818i
	0.3554-0.6973i
	0.4456+3.122i
	0.0556+0.6643i
	0.1384+0.0685i
	0.057-0.0504i
	0.0813-0.0549i
	0.0754+0.0896i
	-0.1244-0.0221i
	0.1049+0.0424i
	-0.0072-0.0107i

	-0.2746+0.0401i
	0.1832-0.337i
	-0.466+0.5359i
	2.3545-2.2734i
	0.549-0.0367i
	0.1301-0.0884i
	0.1199-0.0643i
	0.0892+0.1167i
	-0.1491-0.0318i
	0.1249+0.0559i
	0.0029-0.0486i

	-0.2156+0.0171i
	0.1209-0.2284i
	-0.2019+0.2373i
	0.5832+0.2014i
	-1.0515-3.1673i
	0.4186-0.3608i
	0.2138-0.0799i
	0.11+0.1647i
	-0.1846-0.0473i
	0.1497+0.074i
	0.0139-0.0801i

	-0.1819
	0.0931-0.1754i
	-0.1204+0.1595i
	0.2102+0.0773i
	0.4882-0.2504i
	-1.6585-2.8957i
	0.5902-0.1946i
	0.1484+0.271i
	-0.242-0.0751i
	0.1843+0.1006i
	0.0272-0.1132i

	-0.1619-0.0155i
	0.0784-0.1443i
	-0.0842+0.1219i
	0.1257+0.0365i
	0.1448-0.0498i
	0.5399-0.127i
	0.6543-3.213i
	0.3135+0.635i
	-0.3564-0.1356i
	0.2389+0.145i
	0.0452-0.1551i

	-0.1519-0.0328i
	0.0705-0.1249i
	-0.0635+0.0998i
	0.0887+0.0232i
	0.0645-0.032i
	0.1499+0.0474i
	0.4065+0.5275i
	3.0528+0.8535i
	-0.7272-0.2989i
	0.344+0.2339i
	0.0727-0.2181i

	-0.1528-0.0562i
	0.0673-0.1139i
	-0.0486+0.086i
	0.0666+0.019i
	0.0346-0.0272i
	0.0656+0.0356i
	-0.003+0.2457i
	-0.8325+0.2463i
	-2.8819+0.9122i
	0.6659+0.4683i
	0.1223-0.3369i

	-0.1764-0.0971i
	0.0698-0.1124i
	-0.0342+0.0788i
	0.0494+0.0201i
	0.0175-0.0268i
	0.0398+0.0217i
	-0.0303+0.1409i
	-0.3416-0.1152i
	0.8664-0.692i
	2.8233+0.0511i
	0.2172-0.6777i

	-0.3108-0.1868i
	0.0876-0.1406i
	-0.0063+0.0838i
	0.0259+0.0327i
	-0.003-0.0359i
	0.0369+0.0014i
	-0.0157+0.1056i
	-0.2001-0.0858i
	0.4352-0.0494i
	-1.3444+0.1776i
	-0.7302-2.2518i



The frequency-domain sequences of NB-PSS1 are mapped to subframe #5 every even radio frame and the sequences of NB-PSS2 are mapped to subframe #5 every odd radio frame. Each sub-sequence is mapped to the 12 REs at the corresponding OFDM symbol allocated for NB-PSS transmission in an ascending order.
Note that the design can be easily adapted to the mapping of 11 REs per OFDM symbols by changing the ZC sequence length from 139 to 127. The center 11 elements of each sequence  are mapped to the 11 REs used for NB-PSS per OFDM symbol. 
The possible changes to the specification 36.211 are provided in the Appendix. It can be seen that the NB-PSS signal generation is very simple and only small specification work is needed.
[bookmark: _Ref129681832]Conclusions
In this contribution, we provided design details of the long sequence based primary synchronization signal design and propose the following:
Proposal 1: NB-PSS consists of two sets of frequency-domain complex sequences , which are defined according to Table 1 and Table 2 respectively.
Proposal 2: The two sets of frequency-domain complex sequences NB-PSS1 and NB-PSS2 are mapped to subframe #5 every even radio frame and every odd radio frame respectively. Each sequence is mapped to the 12 REs at the corresponding OFDM symbol in an ascending order.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref409101664][bookmark: _Ref412961601]References
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Appendix
-----------------------------------------------------Proposed Text--------------------------------------------------------
10.2.7.1	Narrowband primary synchronization signal (NPSS)
10.2.7.1.1	Sequence generation
The narrowband primary synchronization signal is generated from two sets of frequency domain complex sequences where is the number of subcarriers used for NPSS per OFDM symbol and is the number of OFDM symbols used for NPSS1 and NPSS2. The two sets of sequence and  are derived according to by Table 10.2.7-1 and Table 10.2.7-2 respectively.
Table 10.2.7-1. NPSS1 sequences
	OFDM symbol index 
	NPSS sequence 

	3
	-0.5673-0.6843i, -0.217+0.1833i, -0.1309+0.1156i, -0.1181+0.0867i, -0.1213+0.0729i, -0.1328+0.0661i, 0.1527+0.0637i, -0.1852+0.0656i, -0.2418+0.074i, -0.3608+0.0966i, -0.7522+0.1283i, -2.2211-1.8147i

	4
	-0.0497+0.3402i, 0.0902+0.0122i, 0.081+0.0089i, 0.0845+0.0097i, 0.094+0.0114i, 0.1099+0.0134i, 0.136+0.0154i, 0.1831+0.0161i, 0.289+0.0114i, 0.6806+0.03i, 1.8241+2.5673i, -0.0782-0.878i

	5
	0.1487-0.1118i, -0.0428+0.0154i, -0.0436+0.0229i, -0.0486+0.0294i, -0.0568+0.0382i, -0.0697+0.0529i, -0.0918+0.0822i, -0.1411+0.1585i, -0.3987+0.4519i, -3.1693-0.8504i, 0.2609+0.5816i, 0.2281+0.0762i

	6
	-0.1736+0.0497i, -0.0085-0.0014i, -0.0144-0.004i, -0.0218-0.0054i, -0.0348-0.0069i, -0.0624-0.0092i, -0.142-0.0194i, -0.4979-0.2011i, 1.0445-3.1669i, -0.5305-0.0693i, -0.1289+0.0593i, -0.0333+0.0595i

	7
	0.1296+0.0659i, -0.0233+0.024i, -0.0314+0.0286i, -0.0467+0.0332i, -0.079+0.0367i, -0.1679+0.0244i, -0.4988-0.2626i, 2.5459-2.1364i, -0.2423-0.4998i, -0.0862-0.1366i, -0.0389-0.0665i, -0.0329-0.0282i

	8
	-0.0981-0.0429i, -0.0107+0.0862i, -0.0243+0.1079i, -0.0543+0.1454i, -0.1498+0.2157i, -0.6668+0.1881i, 1.5813-2.8551i, -0.3051-0.5592i, -0.1083-0.2196i, -0.0517-0.1423i, -0.0334-0.1098i, -0.0364-0.0994i

	9
	0.1411+0.1871i, 0.1562+0.054i, 0.2089+0.099i, 0.3024+0.2286i, 0.2459+0.8664i, -2.2102-2.2419i, -0.7168+0.0054i, -0.3167-0.016i, -0.2014-0.0318i, -0.1461-0.0377i, -0.1118-0.0428i, -0.0815-0.0576i

	10
	0.0091-0.3597i, -0.0783-0.2898i, -0.0534-0.4958i, 0.5386-1.0392i, -0.455+2.945i, 0.4005+0.683i, 0.1917+0.3394i, 0.1169+0.2343i, 0.0826+0.1819i, 0.0646+0.1506i, 0.0568+0.1311i, 0.066+0.1245i

	11
	-0.0777+0.457i, 0.1197+0.5943i, -0.5147+1.3707i, 0.4652-2.7266i, -0.3477-0.7493i, -0.183-0.3877i, -0.1146-0.2658i, -0.0804-0.2024i, -0.0605-0.162i, -0.0482-0.1324i, -0.0416-0.1059i, -0.046-0.0665i

	12
	-0.3028-0.2315i, -1.0731-1.3789i, 1.6795+1.8859i, 0.791+0.2472i, 0.4292+0.1265i, 0.2896+0.0949i, 0.2151+0.0787i, 0.1676+0.068i, 0.133+0.0599i, 0.104+0.0523i, 0.0733+0.0427i, 0.0168+0.0164i

	13
	0.2373-2.0504i, -1.318+1.6922i, -0.096+0.6922i, -0.0419+0.3647i, -0.0375+0.2364i, -0.0378+0.1656i, -0.0392+0.1176i, -0.0412+0.0789i, -0.0438+0.0413i, -0.0466-0.005i, -0.0452-0.0849i, 0.0349-0.3106i



Table 10.2.7-2. NPSS2 sequences
	OFDM symbol index 
	NPSS sequence

	3
	1.1939-1.365i, -1.3395+2.2845i, -0.7401+0.2371i, -0.3952+0.0818i, -0.2746+0.0401i, -0.2156+0.0171i, -0.1819, -0.1619-0.0155i, -0.1519-0.0328i, -0.1528-0.0562i, -0.1764-0.0971i, -0.3108-0.1868i

	4
	-0.2592+0.3607i, 0.6794+0.945i, -0.7842-2.878i, 0.3554-0.6973i, 0.1832-0.337i, 0.1209-0.2284i, 0.0931-0.1754i, 0.0784-0.1443i, 0.0705-0.1249i, 0.0673-0.1139i, 0.0698-0.1124i, 0.0876-0.1406i

	5
	0.1384-0.0509i, -0.0304-0.3782i, -0.5705-0.6809i, 0.4456+3.122i, -0.466+0.5359i, -0.2019+0.2373i, -0.1204+0.1595i, -0.0842+0.1219i, -0.0635+0.0998i, -0.0486+0.086i, -0.0342+0.0788i, -0.0063+0.0838i

	6
	-0.1329-0.0946i, -0.1053+0.1073i, -0.1337+0.2109i, 0.0556+0.6643i, 2.3545-2.2734i, 0.5832+0.2014i, 0.2102+0.0773i, 0.1257+0.0365i, 0.0887+0.0232i, 0.0666+0.019i, 0.0494+0.0201i, 0.0259+0.0327i

	7
	-0.0225+0.1713i, 0.0319+0.0321i, 0.0571+0.046i, 0.1384+0.0685i, 0.549-0.0367i, -1.0515-3.1673i, 0.4882-0.2504i, 0.1448-0.0498i, 0.0645-0.032i, 0.0346-0.0272i, 0.0175-0.0268i, -0.003-0.0359i

	8
	0.1243-0.1186i, 0.0178-0.0278i, 0.0306-0.0361i, 0.057-0.0504i, 0.1301-0.0884i, 0.4186-0.3608i, -1.6585-2.8957i, 0.5399-0.127i, 0.1499+0.0474i, 0.0656+0.0356i, 0.0398+0.0217i, 0.0369+0.0014i

	9
	-0.115-0.0223i, 0.0488-0.0443i, 0.0608-0.0484i, 0.0813-0.0549i, 0.1199-0.0643i, 0.2138-0.0799i, 0.5902-0.1946i, 0.6543-3.213i, 0.4065+0.5275i, -0.003+0.2457i, -0.0303+0.1409i, -0.0157+0.1056i

	10
	0.2105+0.1351i, 0.0556+0.0621i, 0.065+0.0726i, 0.0754+0.0896i, 0.0892+0.1167i, 0.11+0.1647i, 0.1484+0.271i, 0.3135+0.635i, 3.0528+0.8535i, -0.8325+0.2463i, -0.3416-0.1152i, -0.2001-0.0858i

	11
	-0.1912-0.2156i, -0.0858-0.0128i, -0.1051-0.0158i, -0.1244-0.0221i, -0.1491-0.0318i, -0.1846-0.0473i, -0.242-0.0751i, -0.3564-0.1356i, -0.7272-0.2989i, -2.8819+0.9122i, 0.8664-0.692i, 0.4352-0.0494i

	12
	0.0107+0.4045i, 0.0548+0.0202i, 0.0855+0.031i, 0.1049+0.0424i, 0.1249+0.0559i, 0.1497+0.074i, 0.1843+0.1006i, 0.2389+0.145i, 0.344+0.2339i, 0.6659+0.4683i, 2.8233+0.0511i, -1.3444+0.1776i

	13
	0.9789-0.4315i, 0.0293+0.2231i, -0.0146+0.0527i, -0.0072-0.0107i, 0.0029-0.0486i, 0.0139-0.0801i, 0.0272-0.1132i, 0.0452-0.1551i, 0.0727-0.2181i, 0.1223-0.3369i, 0.2172-0.6777i, -0.7302-2.2518i



10.2.7.1.2	Mapping to resource elements
[Omitted]

The following is an alternative implementation of the long-sequence design in TS36.211.
10.2.7.1	Narrowband primary synchronization signal (NPSS)
10.2.7.1.1	Sequence generation
The narrowband primary synchronization signal is generated from two root-1, length- Zadoff-Chu (ZC) sequences  and  which are complex conjugate of each other, where  .


Two length- sequences  and  are derived based on the transformation of  and  respectively according to 


Zeros are appended to the two ends of each sequence of  and  to get two length- sequences  and  respectively according to 





where 
The frequency domain sequences   and  are transformed back to time domain then two length- sequences  and  are obtained according to 


Grouping and CP sample removal are performed subsequently to get two sets of  sub-sequences according to 




where is the number of OFDM symbols per subframe used for narrowband primary synchronization signal and .
The time-domain sub-sequences are transformed to frequency domain then get the corresponding two sets of frequency-domain sub-sequences according to 


The centre  elements of each sub-sequence are took out to form the frequency domain sequences that are mapped to the resource elements at each OFDM symbols according to 


whereis the number of subcarriers used for NPSS per OFDM symbol.

10.2.7.1.2	Mapping to resource elements
[Omitted]
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