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1
Introduction

The following RAN1 agreements have been done with respect to the synchronization signal design for NB-IoT:

•
Confirm working assumption on supporting 504 PCIDs

–
PCID is indicated by NB-SSS 

•
FFS whether some bits of the NB-IoT frame number are derived from NB-SSS

–
FFS how many bits of NB-IoT frame number are indicated

–
FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases

•
Operation mode is indicated in one of the following ways:

–
Alt-1: Indication is by NB-SSS

–
Alt-2: Indication is by NB-MIB

–
Other options are not precluded

–
FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3)

With respect to the resource mapping, the following has been agreed:
· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Normal CP: NB-PSS and NB-SSS span 11 or 9 (one value to be selected) OFDM symbols and X OFDM symbols respectively in each subframe transmitting the synchronization signal
· One value of X to be selected in the range 6 to 11, at least for FDD
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 

· One value of Y to be selected in the range 6 to 9, at least for FDD
FFS: NB-PSS/SSS are punctured by LTE CSI-RS and PRS if collision occurs
•
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
· 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

Some important TDD questions have been discussed and concluded as follows:
- NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD

- FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting.
It is important to note some of the NB-PBCH agreements which impact the NB sync placement and design.

•
In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame

•
NB-MIB includes at least

–
Operation mode

•
FFS: Details at least including explicit or implicit signalling

–
FFS on FDD/TDD indication
Based on the discussion from the previous meeting, the NB-IoT synchronization signal has several important open design points which we address in the following. In this contribution we perform an analysis of synchronization signal design for NB-IoT.
2 
NB-IoT design considerations

A good set of NB-IoT synchronization signal design updates and results have been proposed in [2]-[15]. The main differences consist in frame placement and repetitions, and in sequence utilization. If NB-IoT is going to support both FDD and TDD, it is important to consider the synchronization signal design covering these cases from the very beginning. This is because the NB-PSS and NB-SSS are making use of full PRBs and hence reliable placements are more difficult to find in both TDD and FDD. This led to the previous RAN1 meeting agreement NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD. In the following we continue our analysis for a unified sync channel design for TDD and FDD and also present some considerations for normal and extended CP.
One of the debate points of the previous meeting was related to the sequence length that is if short or long sequence is more beneficial. We provide further analysis in a companion contribution, however the sequence length is having an impact on the number of subframes used for NB-PSS and NB-SSS and this is rather an important issues for TDD design where DL resources are scarcer. 

NB-SSS has the possibility to signal several NB-IoT configurations such as: deployment scenario, TDD/FDD configuration, channel raster frequency offset. In addition, the NB-SSS caries the PCID information. From all the signalling needs, we believe the most important is to signal the channel raster offset. The TDD/FDD configuration can be signalled by the arrangement of the NB-PSS/NB-SSS in the radio frame while the deployment scenario may be signalled by NB-MIB. Note that signalling of the channel raster offset in the MIB would imply a poor performance for the initial cell detection, as shown in [4].

Proposal:

· Signal the channel raster offset by means of NB-SSS.
2.1 
FDD design

The short and long ZC sequences for NB sync is implying in principle differnet subframe placements, in the following we consider same overhead for the two options. A FDD frame placement where the NB-PSS is formed by NB -PSS1 and NB -PSS2 while NB-SSS is also formed by NB-SSS1 and NB-SSS2, for normal CP, is depicted in Figure 1.
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Figure 1: LTE FDD resource mapping for NB-IoT sync signal in normal CP with NB -PSS1/NB -PSS2 and NB-SSS1/NB-SSS2.
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Figure 2: LTE FDD resource mapping for NB-IoT sync signal in normal CP with short sequence NB –PSS and NB-SSS.

Considering a frame length of 10ms, the FDD design follows several principles:

Long ZC sequence NB-PSS/SSS:

· NB-PSS1 and NB-PSS2 are transmitted 4 times in the 80ms interval and are mapped to subframes #4 and #5.
· NB-SSS1 and NB-SSS2 are transmitted in the last frame of the 80ms occurrence and are mapped to subframes #4 and #5.
· For design completeness we also depict NB-MIB which are transmitted in subframe #0 of every 10 ms frame (according to the ad-hoc agreement).
Short ZC sequence NB-PSS/SSS:
· NB-PSS is transmitted 8 times in the 80ms interval and are mapped to subframe #5.

· NB-SSS is transmitted in the last frame of the 20ms occurrence.

Note that both designs are having same overhead.
2.2 
TDD design

The TDD design is constrained by the DL/UL configurations and also on the special subframe configuration. Our suggestion is to support a minimalistic TDD configurability for the purpose of NB-IoT design. In fact, supporting configuration 0, which is the most DL scarce design, would facilitate the operation with other DL/UL configurations without further changes.

Observation 1: DL/UL configuration #0 fits all the other TDD configurations.

Table 1: LTE TDD uplink-downlink configurations
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Table 2: configuration of special subframe (lenghts of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	
	8
	3
	

	2
	10
	3
	
	9
	2
	

	3
	11
	2
	
	10
	1
	

	4
	12
	1
	
	3
	7
	2

	5
	3
	9
	2
	8
	2
	

	6
	9
	3
	
	9
	1
	

	7
	10
	2
	
	5
	5
	

	8
	11
	1
	
	-
	-
	-

	9
	6
	6
	
	-
	-
	-


Most of the TDD configurations are containing the DL-Special subframe bundle and an additional DL subframe occurrence at the end of the radio frame. In the following we look at two alternatives for placing the NB-IoT channels. As the DL resources are rather scarce, we also consider the NB-PBCH in this discussion. 
For TDD, only subframe 0, 5 and DwPTS in special subframe are always for downlink, so, to allow as much as possible UL/DL configurations to be supported, the NB-PSS and NB-SSS can only be transmitted in these subframes. To ensure the UE correctly detects whether the NB-IoT system is TDD or FDD, the TDD NB-PSS/NB-SSS need to be distinguishable from FDD NB-PSS/NB-SSS. Such constraint impacts the FDD NB-IoT design, either:

•
We design for FDD NB-IoT different subframes location for NB-PSS/NB-SSS physical channels, and in such a case no explicit FDD/TDD indication is needed, as the NB-PSS/NB-SSS signals location can be used by itself as an implicit FDD/TDD indication, or,

•
We allow for FDD NB-IoT NB-PSS/NB-SSS to share subframes location with the TDD NB-IoT ones, and therefore an explicit FDD/TDD indication is needed (e.g. via the MIB) for the sake of backward compatibility.

Our proposal is to avoid explicit FDD/TDD indication.

In Figure 3 we present a possible NB-PBCH, NB-PSS and NB-SSS arrangement. This design may fit both long and short sequence designs and has several particularities:
Long sequence (2xNB-PSS and 2xNB-SSS):
· NB-PSS1 and NB-PSS2 are transmitted 4 times in the 80ms interval and are mapped to subframes #0 and #5. 

· NB-SSS1 and NB-SSS2 are transmitted in the last frame of the 80ms occurrence and are mapped to subframes #0 and #5.
· NB-PSS1/2 and NB-SSS1/2 are spanning 11 OFDM symbols and are punctured by LTE CRS. The UE can distinguish between TDD and FDD by means of different subframe placements in the TDD and FDD design.
· NB-PSS and NB-SSS are making use of subframes which are always configured for DL.
·  NB-PBCH is allocated in the special subframe which is also configured with a GP of 2 OFDM symbols. 
· NB-SIB1 may be transmitted in subframe #6 (special subframe) with a periodicity of 20 ms. Additional NB-SIB_mb may be transmitted with lower periodicity in one of the DL subframes if anchor channels is agreed.
 Short sequence: 
· NB-PSS is transmitted 8 times in the 80ms interval and are mapped to subframes #0 and #5. 

· NB-SSS is transmitted in the last frame of the 80ms occurrence and are mapped to subframes #0 and #5.
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Figure 3: NB-PBCH, NB-PSS, NB-SSS example for TDD configuration #0, normal CP.
Proposal 1: support for FDD NB-IoT a synchronization signal design for which the NB-PSS/NB-SSS subframes location will be different from the one applicable to TDD NB-IoT. With such a design an explicit FDD/TDD indication is not needed.
Proposal 2: in TDD make use of DwPTS for NB-PBCH placement (further releases).
2.3 
RE mapping and Sequence length 

We have tried to accommodate as much as possible similar designs for NB-PSS and NB-SSS for both TDD and FDD. The current proposal makes use of 11 OFDM symbols in all setups as shown in Figure 4. The sequence length and frequency raster operation would lead to different NB-SSS designs as shown in Figure 4.
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Figure 4: NB-PSS configurations for TDD and FDD in normal CP.
Different NB-PBCH RE placements are depicted in Figure 5. One of the TDD variants is having less REs available for the transmission (100 REs vs. 80 REs).
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Figure 5: NB-PBCH RE arrangement for FDD (left) and TDD (right) in NCP. 
Proposal 3: Target the same PRB design for NB-PSS and NB-SSS in TDD and FDD.

2.4 
Extended CP considerations
The previous FDD and TDD design can be used in extended CP scenario as follows. The main difference compared to the normal CP design is that the NB-PSS and NB-SSS are spanning 10 OFDM symbols. 
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Figure 6: LTE FDD resource mapping for NB-IoT sync signal in extended CP.
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Figure 7: NB-PBCH, NB-PSS, NB-SSS example for TDD configuration #0, extended CP.
Observation: In ECP NB-PSS and NB-SSS would span a lower number of REs.
3 
Discussion

Based on the above discussion, several general design points may be summarized.

· The CP estimation (normal vs. extended) can be done by the UE at the NB-PSS estimation stage as two hypothesis need to be used as compared to legacy LTE system, in this case the CP is part of the sync design.

· The TDD/FDD estimation can be done by considering the spacing between NB-PSS and NB-SSS, as in LTE system. 
· The scenario indication may be done by MIB.

· The channel raster frequency offsets should be indicated by NB-SSS.

4
Conclusions

In this contribution we have been presenting views with respect to NB-IoT synchronization signal design targeting the operation for both TDD and FDD. The following observations and proposals can be summarized:
Observation 1: DL/UL configuration #0 fits all the other TDD configurations.

Proposal 1: support for FDD NB-IoT a synchronization signal design for which the NB-PSS/NB-SSS subframes location will be different from the one applicable to TDD NB-IoT . With such a design an explicit FDD/TDD indication is not needed.

Proposal 2: make use of DwPTS for NB-PBCH placement (further releases).
Proposal 3: Target the same PRB design for NB-PSS and NB-SSS in TDD and FDD.
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