
	
3GPP TSG-RAN WG1 NB-IOT AdHoc	R1-160079
18th – 22nd January 2016
Budapest, Hungary

Source:                    	Ericsson
Title:  	NB-IoT –Synchronization Channel Design
Document for:        	Discussion
Agenda Item:         	2.1.1.4
[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], NB-IoT downlink is based on OFDMA using 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP).
Furthermore according to [2], NB-IOT should have a single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals.
A number of different contributions addressing the synchronization channel design for NB-IOT have been described (see [3]-[10]). Based on the different designs proposed, there are two alternatives to designing the primary synchronization signal (NB-PSS). In both the options, the NB-PSS spans several OFDM symbols and is repeated at regular intervals. In one option, the NB-PSS is composed of a single long sequence (see [3], [4]), and in the other option, the NB-PSS consists of a short sequence spanning only one OFDM symbol, with a suitable cover code applied to it over multiple OFDM symbols (see [7], [10]). In this contribution, we use the design principles of [4], and provide different options for positioning the synchronization signals to enable robust synchronization, low complexity receiver algorithm, support for extended cyclic prefix and time division duplexing (TDD) mode.
Background
Essential functions of a cell search procedure are to detect a suitable cell to camp on, and for that cell, obtain the symbol timing and synchronize to the carrier frequency. When synchronizing to the carrier frequency, the mobile station needs to correct any erroneous frequency offsets that are present, and perform symbol timing alignment with the frame structure from the base station. In addition, in the presence of multiple cells, the mobile station needs to distinguish a particular cell on the basis of a cell ID. Thus, a typical cell search procedure consists of determining the timing alignment, correcting the frequency offset, obtaining the correct cell ID, and the absolute frame number reference.
In this contribution, we use the design principles of [4]. The cell search procedure uses two signals, i.e., the Primary Synchronization Signal (NB-PSS) and the Secondary Synchronization Signal (NB-SSS). NB-PSS is used for signal detection, initial symbol-level time synchronization and CFO (Carrier Frequency Offset) estimation. NB-SSS is used for frame level synchronization and cell identification. In the following, we describe the NB-PSS/NB-SSS structure for different design options considered in this contribution.
Design A
This is equivalent to the proposed design in [4]. The NB-PSS 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


The NB-SSS design also consists of two Zadoff-Chu (ZC) sequences NB-SSS1 and NB-SSS2. NB-SSS1 and NB-SSS2 are generated based on a -length ZC sequence with root index  and  respectively.


The length  is chosen to be prime in order to enable support for upto  different sequences. The combination of the two IDs  is sufficient encode the physical cell ID and the timing within an 80 ms block.
The sequences, NB-PSS1 and NB-PSS2 are fed to the PSS generator shown in Figure 1. Specifically, , and the 13th, 26th, 51st, 64th, 77th, 90th, 103rd, 116th and 141st symbols are removed to make the NB-PSS span 11 OFDM symbols. For NB-SSS, we choose , which is a prime number.
[image: ]
[bookmark: _Ref434409166]Figure 1: Synchronization Signal Generator
The NB-PSS signal is transmitted 4 times every 80ms and occupies the even numbered frames (the duration of a frame is 10 ms) within the 80ms block (i.e. the frames 0, 2, 4 and 6). The NB-SSS signal is transmitted in the last frame within the 80 ms block. Both the NB-PSS/NB-SSS are mapped to subframes 4 and 5 within the frame in which it appears. The NB-PSS in each assigned subframe span the last 11 OFDM symbols, while the NB-SSS span the last 9 OFDM symbols. This avoids collision with legacy LTE control channel (PDCCH). The resource elements for LTE CRS are punctured. The resource mapping is shown in Figure 2.
[image: ]
[bookmark: _Ref434409180]Figure 2: Resource Mapping for the NB-PSS/NB-SSS in Design A
Design B
In this design, the NB-PSS is generated as in Design A, while the NB-SSS consists of a single Zadoff-Chu sequence of length . In order to enable support for 504 different physical cell IDs, a combination of the roots and cyclic shifts of the different Zadoff Chu sequences is used.
We consider different repetition intervals for the NB-PSS for standalone and in-band/guard-band deployment modes. In standalone deployment mode, the NB-PSS signal is transmitted 4 times every 80ms and occupies the odd numbered frames (the duration of a frame is 10 ms) within the 80ms block (i.e. the frames 1, 3, 5 and 7). In in-band and guard-band deployment modes, the NB-PSS signal is transmitted in every frame. The different density options considered are to enable good synchronization performance in in-band deployment mode for users in extreme coverage. The NB-SSS signal is transmitted in the last frame within the 80 ms block, and occupies the last subframe. The resource mapping is shown in Figure 3.
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[bookmark: _Ref436830995]Figure 3: Resource Mapping for the NB-PSS/NB-SSS in Design B. The left side shows the resource mapping in in-band deployment (higher density option), and the right side shows the same for standalone deployment (lower density option).
Design C
In this design, the NB-PSS consists of a single sequence that is generated using the sum of the two base sequences of Design A, i.e., 

The NB-SSS design is the same as Design B. Similar to Design B, different repetition intervals are considered for the NB-PSS in different deployment modes. The NB-PSS occupies subframe 5 and the NB-SSS occupies subframe 9 in every frame when transmitted. Depending on the position of the frame where the NB-SSS is transmitted, a scrambling code is applied on it (see [3]) in order to provide the correct timing within an 80 ms block. The resource mapping is shown in Figure 4. 
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[bookmark: _Ref436831040]Figure 4: Resource Mapping for the NB-PSS/NB-SSS in Design C. The left side shows the resource mapping in in-band deployment (higher density option), and the right side shows the same for standalone deployment (lower density option).
 Design D
In this design, the NB-PSS is generated as in Design A, and the NB-SSS is generated as in Design B. Instead of sending NB-PSS1 and NB-PSS2 in the same frame, the NB-PSS signal is transmitted in every frame and occupies subframe 5, where NB-PSS1 is transmitted in the even frames (0, 2, 4 and 6) and NB-PSS2 is transmitted in the odd subframes (1, 3, 5 and 7).. The NB-SSS occupies subframe 0 of the last frame in every 80ms block. The resource mapping is shown in Figure 5.
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[bookmark: _Ref436831075]Figure 5: Resource Mapping for the NB-PSS/NB-SSS in Design D
Support for extended cyclic prefix
In all the designs, extended cyclic prefix can be supported using two options. One option is to use the same base sequence for obtaining the NB-PSS for both normal and extended cyclic prefix. However, the symbols that need to be removed in order to generate the NB-PSS for the extended cyclic prefix is different. Specifically, the 13th, 14th, 15th, 28th, 29th, 30th, 43rd, 44th, 45th, 58th, 59th, 60th, 73rd, 74th, 75th, 88th, 89th, 90th, 103rd, 104th,105th, 118th, 119th, 120th and 133rd-141st symbols need to be removed.
Another option is to use a different length sequence as the NB-PSS for extended cyclic prefix. An example is to use a length-133 Zadoff Chu sequence with the symbols removed at the appropriate positions. In both the options, the total number of symbols after symbol removal is equal to 132, which are then mapped to 9 OFDM symbols. The support for extended cyclic prefix requires increases the number of NB-PSS correlations by a factor of 2 in order to achieve satisfactory performance. Even though it is possible to achieve synchronization by correlating with only the sequence used for normal cyclic prefix when the first option is considered, the performance is severely degraded for the extreme coverage users. 
Since the NB-SSS occupies only 9 OFDM symbols in every occupied subframe in all the designs, no modification is required to enable support for extended cyclic prefix.
Support for TDD
Time division duplexing (TDD) can be supported with all designs. However, because of the specific placements of the NB-PSS/NB-SSS, some of the designs would not be able to support all the configurations modes available for TDD in LTE. The frame structure for the different configuration modes is shown in Figure 6.
[image: http://1.bp.blogspot.com/-uzn8KRChB0Q/UzPKc1R8ikI/AAAAAAAAAv8/EDAMNzHp7pU/s1600/Untitled.png]
[bookmark: _Ref436989527]Figure 6: Frame structure for different TDD Configurations
Comparing Figure 6 with the different designs provided in Section 2, we have the following
1. Design A and Design B can support configurations 1, 2, 4 and 5.
2. Design C can support all configurations except configuration 0.
3. Design D can support all TDD configurations.
[bookmark: _GoBack]In order to enable support for all of the TDD configurations, Design D is a good choice. The indication of FDD or TDD operation can be conveyed either using the NB-SSS, or by using the NB-PSS. If design D is used for both TDD and FDD, the indication of FDD or TDD operation can be provided in the NB-SSS. Alternatively, we can use Design B for FDD and Design D for TDD. In such a scenario, the information about TDD or FDD can be found by looking at the separation between the NB-PSS’s.
Note that in Design D, the NB-SSS is placed in subframe 0 of the last frame of the 80 ms block. As a result, the NB-SSS would collide with the NB-PBCH (see [11]). In order to avoid this problem, the NB-PBCH can be configured to occupy only 7 subframes within an 80 ms block to avoid collision with NB-SSS when using Design D in TDD. This would result in a degradation of the NB-PBCH performance by roughly 0.6 dB.
Summary of different designs
A summary of the different designs is provided in Table 1.
[bookmark: _Ref436831169]Table 1: Comparison of the different synchronization signal designs
	
	Design A
	Design B
	Design C
	Design D

	% of resources in standalone
	12.5 %
	11.25 %
	10 %
	11.25 %

	% of resources in in-band/guard-band
	12.5 %
	21.25 %
	20 %
	11.25 %

	TDD Configuration modes supported
	1,2,4,5
	1,2,4,5
	All except 0
	All

	No. of PSS correlations
	2
	2
	1
	2

	Support for Extended Cyclic Prefix
	Yes
	Yes
	Yes
	Yes



Conclusions
In this contribution, we provide different options for positioning the synchronization signals. An evaluation of these different designs is provided in [12], where we outline the relative merits and demerits of the different designs.
1 References
[1] [bookmark: _Ref397674406][bookmark: _Ref403069021][bookmark: _Ref430856459][bookmark: _Ref384735847]RP-151621, “New Work Item: Narrowband IOT (NB-IOT)”; Qualcomm; Sept. 2015; Phoenix, AZ, USA
[2] [bookmark: _Ref440274108]RP-152284, “New Work Item: Narrowband IOT (NB-IOT),” source Huawei and HiSilicon, RAN #70, Dec. 2015
[3] [bookmark: _Ref425956463][bookmark: _Ref430874420][bookmark: _Ref434409027]R1-156009, “Narrowband LTE – Synchronization Channel Design and Performance”; Ericsson; RAN#82bis; Oct 5th to 10th, 2015; Malmo, Sweden.
[4] [bookmark: _Ref430864757][bookmark: _Ref434409026]R1-156464, “Synchronization Signal Design”; Huawei, HiSilicon; RAN1 #83; Nov. 2015; Anaheim, USA.
[5] R1-157455, “NB-IoT – Improved Synchronization Channel Design”; Ericsson; RAN1 #83; Nov. 2015; Anaheim, USA.
[6] R1-157274, “On the synchronization signal design for NB-IoT”; Nokia Networks; RAN1 #83; Nov. 2015; Anaheim, USA.
[7] [bookmark: _Ref436830743]R1-156881, “Synchronization channel design for NB-IoT”; LG Electronics; RAN1 #83; Nov. 2015; Anaheim, USA.
[8] R1-156625, “Considerations on Synchronization Signal Design of NB-IoT”; ZTE; RAN1 #83; Nov. 2015; Anaheim, USA.
[9] R1-156803, “Single Synchronization Design for NB-IoT”; Samsung; RAN1 #83; Nov. 2015; Anaheim, USA.
[10] [bookmark: _Ref436830646]R1-157069, “Sequence Design for NB-IoT SYNC Channel”; Qualcomm Incorporated; RAN1 #83; Nov. 2015; Anaheim, USA.
[11] [bookmark: _Ref436990070]R1-157422, “Narrowband IoT – M-PBCH design update”; Ericsson; RAN1 #83; Nov. 2015; Anaheim, USA.
[bookmark: _Ref439949585]R1-160080, “NB-IoT - Synchronization Channel Evaluations”; Ericsson; RAN1 NB-IoT AdHoc; Jan. 2016; Budapest, Hungary.
1(6)
[bookmark: _Toc458939174]5(6)
image2.png
1ms 1ms

[T TT T InNTeT-TsTsTsTaT TT T T T T [wTe[-TsTsTsT2T T'1
Y

80ms

T——





image3.png
«—— Ims —> < 1ms ———>

[T T T T InTeT-TsTsTsTTT] [T T T T InTeT-TsTsTsTTT]
pis ry

80ms 80ms

—=H

RO O

1ms 1ms 1ms 1ms




image4.png
«— 1ms ——> «— 1ms ——>

[TTT T INTT-TsTsTsT T T1 [TTTT INTeT-TsTsTsT T T1
0N 0N N 0N 0N 0N 0N H N H
80ms > 80ms

I T
Fis ] T

— 1ms ——> — 1ms ——>

—g

—g




image5.png
— 1ms —>

«—— 1ms ———>
[T T T INTeT-TsTsTsT T 11





image6.png
Subframe number

Switch-point periodicity
sms
5ms
sms
10ms
10ms
10 ms
sms

Configuration





image1.png
Length-L
Zadoff-Chu
sequence

i

Symbol
removalat
correct
positions

z

» DFT

v

IFFT

cP

Subsequence

generation

» DFT

IFFT

cP

» DFT

IFFT

cP

Pss




