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Pseudo CR 45.820 – Narrowband LTE Cell search design
[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62.
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.
1.2	Reason for change
In GERAN#67, a new system design, i.e., NB LTE, based on the current LTE system but use only 200 KHz bandwidth is proposed. GP-150785 describes the design for downlink synchronization channel in NB LTE. This has been evaluated and is seen can meet the performance requirement. 
1.3	Summary of change
The M-PSCH design of NB LTE. Updates are highlighted in blue. 
pCR to 3GPP TR 45.820-v1.4.0
7A.4.2.3.2 Downlink common control channel
Omitted
7A.4.2.3.3	 Synchronization channel
In NB LTE, the M-PSCH is used by the MS to time and frequency synchronization to the network, as well as for the MS to obtain the correct cell ID. 
The structure of the cell synchronization sequences used in NB LTE is provided in Figure 7A.4.2.3-8. 
[image: ]
[bookmark: _Ref425163418]Figure 7A.4.2.3-8: Frame structure PSS and SSS.
Depicted in Figure 7A.4.2.3-8 are the
(a) Primary Synchronization Sequence (PSS): Three Primary Synchronization sequences are used as in LTE to determine the three cell identities within a group. The PSS spans 6 OFDM symbols and is used to determine the subframe timing as well as correcting the frequency offset. Note that in this design, the PSS is contiguous in time.
(b) Secondary Synchronization Sequence (SSS): The Secondary Synchronization Sequence spans 6 OFDM symbols and is used to determine the cell identity group and the M-frame timing. In order to support the same number of cell identity groups as in LTE, 168 different SSS are designed. 
From the design, it can be seen that the PSS and SSS are repeated on average every 15 ms and occur 4 times within a 60 ms M-frame. Specifically, in the 2nd and 7th M-subframes, the synchronization sequences are present in the 3rd subframe and in the 4th and 9th M-subframes, the synchronization sequences are present in the 6th subframe. In the subframes containing the synchronization sequences, the PSS occupies the last 6 OFDM symbols, and the SSS occupies the 2nd to 7th OFDM symbol. 
With respect to LTE, the design of the synchronization sequences in NB LTE are very much similar in the sense that each instance of PSS and SSS occupies 72 subcarriers both in LTE as well as in NB LTE (one OFDM symbol contains 12 subcarriers in NB-LTE), except for the fact that the PSS/SSS are repeated 4 times within an M-frame compared to 2 times repetition within a frame in LTE., because of the 4 times repetition, a slightly modified design is required for the SSS to obtain the M-frame timing, which we describe as follows.
Three different PSSs are specified in NB-LTE. The base sequence is a length-71 Zadoff sequence, and three different sequences are obtained using three different roots u. Thus, we have

The base sequence  is differentially encoded, upsampled and then filtered so that it is restricted to the 200 kHz bandwidth. The differentially encoded sequence  is given as 

The upsampled and filtered sequence  corresponding to a root  is obtained from  as follows

Note that the above expression for  captures both the upsampling and filtering effect. The sequence  is then padded with 48 zeros to obtain a length-768 sequence . In the transmission phase, the length-768 sequence is first divided into 6 length-128 sub sequences, and cyclic prefix is added to each of the 6 sub sequences to give the PSS. The specific design allows backward compatibility with legacy LTE system. Note that each of the sub sequences constitutes one OFDM symbol, so that the PSS occupies 6 OFDM symbols.
The Secondary Synchronization Sequence (SSS) is designed in the frequency domain and occupies 72 subcarriers corresponding to 6 OFDM symbols. The SSS is composed of two length 31 Zadoff Chu sequences padded with 5 zeros at the beginning and end. The two sequences are chosen in order to provide support for 168 unique cell identity groups.  A scrambling code is used on top of the two Zadoff-Chu sequences in order to provide information about the frame timing. Four scrambling codes are required to determine the 4 locations within the M-frame, which can be leveraged to obtain the correct frame timing. 
Specifically, the SSS is given as , where  denotes the cell identity group and  determines the location of the SSS, i.e., the number of SSS in the M-frame that have occurred before the current SSS. We have





and




Note that  is composed of two Zadoff Chu sequences and determines the cell identity group, and  is the scrambling sequence composed of cyclic shifts of a base sequence  and is used to indicate the SSS location within an M-frame in order to obtain the frame timing. Note that the cyclic shift  is dependent on . The values of  and  for a specific  are provided in Table 7A.4.2.3-1.
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	0
	1
	2
	0
	84
	1
	5
	12

	1
	2
	3
	0
	85
	2
	6
	12

	2
	3
	4
	0
	86
	3
	7
	12

	3
	4
	5
	0
	87
	4
	8
	12

	4
	5
	6
	0
	88
	5
	9
	12

	5
	6
	7
	0
	89
	6
	10
	12

	6
	7
	8
	0
	90
	7
	11
	12

	7
	8
	9
	0
	91
	8
	12
	12

	8
	9
	10
	0
	92
	9
	13
	12

	9
	10
	11
	0
	93
	10
	14
	12

	10
	11
	12
	0
	94
	11
	15
	12

	11
	12
	13
	0
	95
	12
	16
	12

	12
	13
	14
	0
	96
	13
	17
	12

	13
	14
	15
	0
	97
	14
	18
	12

	14
	15
	16
	0
	98
	15
	19
	12

	15
	16
	17
	0
	99
	16
	20
	12

	16
	17
	18
	0
	100
	17
	21
	12

	17
	18
	19
	0
	101
	18
	22
	12

	18
	19
	20
	0
	102
	19
	23
	12

	19
	20
	21
	0
	103
	20
	24
	12

	20
	21
	22
	0
	104
	21
	25
	12

	21
	22
	23
	0
	105
	22
	26
	12

	22
	23
	24
	0
	106
	23
	27
	12

	23
	24
	25
	0
	107
	24
	28
	12

	24
	25
	26
	0
	108
	25
	29
	12

	25
	26
	27
	0
	109
	26
	30
	12

	26
	27
	28
	0
	110
	1
	6
	16

	27
	28
	29
	0
	111
	2
	7
	16

	28
	29
	30
	0
	112
	3
	8
	16

	29
	1
	3
	4
	113
	4
	9
	16

	30
	2
	4
	4
	114
	5
	10
	16

	31
	3
	5
	4
	115
	6
	11
	16

	32
	4
	6
	4
	116
	7
	12
	16

	33
	5
	7
	4
	117
	8
	13
	16

	34
	6
	8
	4
	118
	9
	14
	16

	35
	7
	9
	4
	119
	10
	15
	16

	36
	8
	10
	4
	120
	11
	16
	16

	37
	9
	11
	4
	121
	12
	17
	16

	38
	10
	12
	4
	122
	13
	18
	16

	39
	11
	13
	4
	123
	14
	19
	16

	40
	12
	14
	4
	124
	15
	20
	16

	41
	13
	15
	4
	125
	16
	21
	16

	42
	14
	16
	4
	126
	17
	22
	16

	43
	15
	17
	4
	127
	18
	23
	16

	44
	16
	18
	4
	128
	19
	24
	16

	45
	17
	19
	4
	129
	20
	25
	16

	46
	18
	20
	4
	130
	21
	26
	16

	47
	19
	21
	4
	131
	22
	27
	16

	48
	20
	22
	4
	132
	23
	28
	16

	49
	21
	23
	4
	133
	24
	29
	16

	50
	22
	24
	4
	134
	25
	30
	16

	51
	23
	25
	4
	135
	1
	7
	20

	52
	24
	26
	4
	136
	2
	8
	20

	53
	25
	27
	4
	137
	3
	9
	20

	54
	26
	28
	4
	138
	4
	10
	20

	55
	27
	29
	4
	139
	5
	11
	20

	56
	28
	30
	4
	140
	6
	12
	20

	57
	1
	4
	8
	141
	7
	13
	20

	58
	2
	5
	8
	142
	8
	14
	20

	59
	3
	6
	8
	143
	9
	15
	20

	60
	4
	7
	8
	144
	10
	16
	20

	61
	5
	8
	8
	145
	11
	17
	20

	62
	6
	9
	8
	146
	12
	18
	20

	63
	7
	10
	8
	147
	13
	19
	20

	64
	8
	11
	8
	148
	14
	20
	20

	65
	9
	12
	8
	149
	15
	21
	20

	66
	10
	13
	8
	150
	16
	22
	20

	67
	11
	14
	8
	151
	17
	23
	20

	68
	12
	15
	8
	152
	18
	24
	20

	69
	13
	16
	8
	153
	19
	25
	20

	70
	14
	17
	8
	154
	20
	26
	20

	71
	15
	18
	8
	155
	21
	27
	20

	72
	16
	19
	8
	156
	22
	28
	20

	73
	17
	20
	8
	157
	23
	29
	20

	74
	18
	21
	8
	158
	24
	30
	20

	75
	19
	22
	8
	159
	1
	8
	24

	76
	20
	23
	8
	160
	2
	9
	24

	77
	21
	24
	8
	161
	3
	10
	24

	78
	22
	25
	8
	162
	4
	11
	24

	79
	23
	26
	8
	163
	5
	12
	24

	80
	24
	27
	8
	164
	6
	13
	24

	81
	25
	28
	8
	165
	7
	14
	24

	82
	26
	29
	8
	166
	8
	15
	24

	83
	27
	30
	8
	167
	9
	16
	24
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