3GPP TSG RAN WG1 Meeting #84	R1-160311
[bookmark: _GoBack]St Julian’s, Malta, 15th-19th February 2016

Agenda Item:	7.2.1.1.4
Source:	Huawei, HiSilicon
Title:	Synchronization Signal Design
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 NB-IoT Adhoc, a number of agreements were reached on the synchronization signal design as following.
Agreement: One transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for inband operation
Agreements:
· The number of subcarriers for NB-SSS is 12
· The number of subcarriers for NB-PSS is 12 or 11
· FFS: exact number of subcarrier
Agreement:
· NB-PSS uses the last 11 OFDM symbols of subframes in which NB-PSS occurs for normal CP
· NB-SSS uses the last [11] or [9] OFDM symbols of subframes  in which NB-SSS occurs for normal CP
In this contribution, further details of the NB-IoT synchronization signal design based on our previous contribution [1] are provided. Our views on the open issues are also demonstrated. The evaluations of our design are provided by our companion contribution [2].
Synchronization signal generation
The synchronization signals for NB-IoT consist of narrow band primary synchronization signal (NB-PSS) and narrow band secondary synchronization signal (NB-SSS) by our design. 
The 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)
Similarly, the NB-SSS signal also consists of two sequences NB-SSS1 and NB-SSS2, both of which are generated based on a -length ZC sequence:
                                      (3)
                                     (4)
where  and represent the ZC root indices for NB-SSS1 and NB-SSS2 respectively. With ZC sequence length of , it is possible to generate a group of different sequences by choosing various root index values. Particularly when  is prime, up to  different sequences can be generated each for SSS1 and SSS2. The combination of the two IDs  is expected to provide sufficient information to encode the physical cell ID, the operation mode indicator, etc. 
The sequence of NB-PSS or NB-SSS is then oversampled to fit into the number of samples that will be produced eventually for NB-PSS or NB-SSS baseband signal (including CP samples). The oversampled sequence is divided into m sub-sequences, where m is the number of OFDM symbols used for oneNB-PSS or NB-SSS repetition. The starting k samples for each sub-sequence are discarded to re-generate the sub-sequence before being fed into DFT, where k is equal to the number of samples for CP. Each sub-sequence after DFT is zero padded and transformed by IFFT subsequently. CP samples are added later on to generate the final synchronization signals. The signal generation diagram is shown in Figure 1.
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[bookmark: _Ref430877245]Figure 1. Generation of the NB-IoT synchronization signals
Information carried by synchronization signal
In our NB-PSS/NB-SSS design [1], the NB-PSS signal is transmitted 2 times every 20ms while the NB-SSS signal is transmitted 2 times every 40ms. The starts of both the 20ms cycle and 40ms cycle are aligned with the 10ms-frame boundary. Two examples of the NB-PSS/NB-SSS distribution in time domain respectively for FDD and TDD are shown in Figure 2.


[bookmark: _Ref439323258]Figure 2. Examples of NB-PSS/SSS distribution in time domain
The 20ms timing can be found by the UE based on NB-PSS detection. The 40ms timing can be further found by the UE after NB-SSS detection. The NB-PBCH repetition window (namely the NB-PBCH TTI) is 640ms, which means that the UE has to perform hypothesis testing (blind decoding) if it has not yet determined the 640ms timing after synchronization. Up to 16 times of hypotheses testing would be required. This is quite undesirable for the NB-IoT UEs for which ultra-low complexity is targeted. To reduce the number of NB-PBCH hypothesis testing, the 640ms timing could be considered to be fully or partially derived by synchronization signal. As the decoding complexity of NB-SSS is much lower than NB-PBCH decoding, there is a tradeoff between the number of information bits carried by NB-SSS and the number of NB-PBCH hypothesis testing. We believe 3-bit indication of the 320ms timing by NB-SSS and two times of NB-PBCH hypothesis testing for 640ms timing strike a good balance.
Proposal 1: The 3 most significant bits of the 320ms timing is derived from NB-SSS.
As illustrated in our companion contributions [3][4], the misalignment between the NB-IoT carrier centre frequency and 100 kHz channel raster assumed by UE in guard-band and in-band operation modes will cause residual sampling frequency offset (SFO). The SFO may seriously degrade the link-level performance of NB-PBCH and other channels. The most straightforward way to solve this problem is to let the UE know the existence of the misalignment and the level of misalignment prior to channel/signal decoding. This can be achieved for example by the indication of synchronization signal.
Proposal 2: Consider methods to inform the UE of the misalignment between the NB-IoT carrier centre frequency and 100 kHz channel raster in guard-band and in-band operation modes, e.g., indication by synchronization signal. 
As described in [1], the two NB-PSS sequence, NB-PSS1 and NB-PSS2, are mapped to two different subframes respectively. In [5], an efficient algorithm to perform correlation of long sequences, namely DFT-based overlap-save method is proposed for NB-PSS detection. According to the efficient algorithm, the UE can simultaneously obtain the relative order of NB-PSS1 and NB-PSS2 within the 20ms window when performing the signal detection. No additional complexity is brought to NB-PSS detection. This also applies when the time positions of NB-PSS1 and NB-PSS2 are switched. Therefore by switching the NB-PSS1 and NB-PSS2 positions, our conjugated design can provide 1-bit more information without any increase of UE complexity when certain algorithms are employed. An example for the switching of the NB-PSS1 and NB-PSS2 is shown in Figure 3. The 1-bit more information could be used as an indicator of standalone and non-standalone operation modes so that the misalignment between NB-IoT carrier centre frequency and 100 kHz channel raster could be known by the UE as earlier as possible.


[bookmark: _Ref439771916]Figure 3. An example for the switching of NB-PSS1 and NB-PSS2 
Proposal 3: Standalone and non-standalone operation modes are differentiated by the switched mapping of the two conjugated NB-PSS ZC sequences.
The NB-SSS also consists of two sequences NB-SSS1 and NB-SSS2, both of which are generated based on -length ZC sequences. The joint use of NB-PSS indication and NB-SSS indication (based on the combination of the root indices used respectively by NB-SSS1 and NB-SSS2) can provide sufficient information to encode such as, the physical cell ID, the 320ms timing information, the operation mode indicator and the channel raster frequency offset.
Synchronization signal resource mapping
It has been agreed at RAN#70 that Rel-13 will support FDD plus forward compatibility for TDD. In LTE, the duplex scheme (i.e. FDD or TDD) used on a carrier is detected by the difference in the relative time position of the two synchronization signals (i.e. PSS and SSS). Similar idea could be applied to NB-IoT if FDD/TDD differentiation is agreed to be specified in Rel-13. The two sequences (NB-PSS1 and NB-PSS2) for NB-PSS and two sequences (NB-SSS1 and NB-SSS2) for NB-SSS would be each mapped to different subframes, so the relative position between the two NB-PSS sequences or the two NB-SSS sequences or in between them could be used to differentiate FDD/TDD.  As shown by the examples in Figure 2, NB-PSS1 and NB-PSS2 are mapped to subframe 4 and 5 respectively for FDD while they are mapped to subframe 0 and 5 respectively for TDD. In this way, the type of frame structure can be distinguished along with NB-PSS detection.
Proposal 4: TDD/FDD is differentiated by the difference in resource mapping of the synchronization signals.
According to the agreements at last ad hoc meeting, one value of 12 or 11 subcarriers will be selected for NB-PSS transmission. One NB-IoT transmission can span up to 12 subcarriers based on the WID [6], so using 12 subcarriers for NB-PSS transmission can undoubtedly optimize the synchronization performance. The only consideration of limiting to 11 subcarriers for NB-PSS is to allow the NB-PSS to be adaptively shifted in frequency domain by one subcarrier. The additional frequency offset caused by the misalignment with 100 kHz channel raster [3] could be probably minimized by this kind of shifting design, which can be seen from the examples shown in Figure 4.


[bookmark: _Ref441652517]Figure 4. Examples of NB-PSS shifting
Although the additional frequency offset could be eliminated by the NB-PSS shifting in certain deployments for odd LTE bandwidth, the additional frequency offset at the minimum is increased from 2.5kHz to 5kHz for even LTE bandwidth. The “zero-sum” feature of the shifting design may not provide benefit compared to the full occupation design (i.e. 12 subcarriers for NB-PSS) with respect to the amount of additional frequency offset that has to be absorbed by the NB-PSS detection. As shown in our companion contribution [2], up to 7.5kHz extra initial frequency offset can be safely addressed by our synchronization design only with minor increase of the initial cell search time. No performance gain can be foreseen by the shifting design. The shifting pattern may also need to be indicated by NB-PSS to help the UE adjust its local oscillator for subsequent detection/decoding.  This will significantly increase the NB-PSS detection complexity.
Proposal 5: The number of subcarriers for NB-PSS is 12.
One remaining open issue is the number of OFDM symbols that used for the NB-SSS transmission. In our design [1], the NB-SSS occupies 11 OFDM symbols in each NB-SSS subframe and the sequence length  is 139, so up to 14-bit information can be carried by NB-SSS. It has been agreed 504 cell IDs shall be indicated by NB-SSS using about 9 bits. The remaining 5 bits could be used as aforementioned for NB-PBCH timing, operation mode indication and possibly frequency offset indication from 100 kHz channel raster. Fewer than 11 OFDM symbols and consequently shorter sequence for NB-SSS may be inadequate to carry such a set of information. Furthermore, the remaining symbols other than the NB-SSS symbols in the subframe will bring little performance gain for other channels (e.g. NB-PDSCH) if they are used for other channel transmission. If the remaining symbols are left unused, they are wasted. 
Proposal 6: 11 OFDM symbols are used by NB-SSS transmission in each subframe transmitting NB-SSS.
[bookmark: _Ref129681832]Conclusions
In this contribution, we provided our further views on the synchronization signals and the following proposals were drawn.
Proposal 1: The 3 most significant bits of the 320ms timing is derived from NB-SSS.
Proposal 2: Consider methods to inform the UE of the misalignment between the NB-IoT carrier centre frequency and 100 kHz channel raster in guard-band and in-band operation modes, e.g., indication by synchronization signal. 
Proposal 3: Standalone and non-standalone operation modes are differentiated by the switched mapping of the two conjugated NB-PSS ZC sequences.
Proposal 4: TDD/FDD is differentiated by the difference in resource mapping of the synchronization signals.
Proposal 5: The number of subcarriers for NB-PSS is 12.
Proposal 6: 11 OFDM symbols are used by NB-SSS transmission in each subframe transmitting NB-SSS.
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