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1
Introduction

In previous RAN1 meeting, some more progress has been achieved for the synchronization signal design for NB-IoT as follows:

•
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
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.
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]-[14]. 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.
In the following, the design goal is that the Nb-IoT sync signal differentiates between:

· Normal and Extended CP

· TDD and FDD

· Indicates the NB-IoT deployment scenario

2.1 
FDD design

In our both FDD and TDD designs we are utilizing Zadoff-Chu (ZC) sequences where the NB-PSS is formed by NB -PSS1 and NB -PSS2 while NB-SSS is also formed by NB-SSS1 and NB-SSS2, similar to the proposals from [4] while more details are presented in our companion contribution [15]. The FDD frame placement 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.
Considering a frame length of 10ms, the FDD design follows several principles:

· 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. 

· NB-PSS1/2 and NB-SSS1/2 are occupying 10 OFDM symbols per PRB, the sequences being punctured by the CRS ports transmission. The choice of 10 OFDM symbols is because of commonality with TDD and hence reduced UE complexity, this issue will be discussed later in the contribution.
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 a companion paper we conclude that DL/UL configurations 0, 1 and maybe also 2 are sufficient for the DL/UL subframe split while also special subframe configuration 3 and/or 7 which consists of the following DwPTS/GP/UpPTS configuration 11/2/1 (or 10/2/2) for normal CP and 5/5/2 for extended CP. Except the DL signalling traffic, the NB-IoT technology is mostly UL oriented and hence it makes sense to focus on DL/UL configurations which are mostly UL oriented. From this perspective it is desired to support configuration 0 which is the most DL scarce design and this would make possible the operation with other DL/UL configuration 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. 
Design option 1
In Figure 2 we present a possible NB-PBCH, NB-PSS and NB-SSS arrangement. This design has several particularities:

· 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 10 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. 
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Figure 2: NB-PBCH, NB-PSS, NB-SSS example for TDD configuration #0, normal CP.
Design option 2:

The design in Figure 3 has several particularities:

· NB-PSS1 and NB-PSS2 are transmitted 4 times in the 80ms interval and are mapped to subframes #0 and #1. 

· NB-SSS1 and NB-SSS2 are transmitted in the last frame of the 80ms occurrence and are mapped to subframes #0 and #1.
· NB-PSS1/2 and NB-SSS1/2 are spanning 10 OFDM symbols and are punctured by LTE CRS. In this design the UE can distinguish between TDD and FDD by means of different amount of OFDM symbols between PSS1 and PSS2 as in FDD this difference is of 4 OFDM symbols while in TDD it is of 1 OFDM symbols.
· NB-PSS and NB-SSS are making use of subframes which are always configured for DL, that is subframe #0 and the special subframe which is configured with 2 GP symbols. 
·  NB-PBCH is transmitted in a normal DL subframe maximising the commonality with the FDD design. 
Both designs in Figure 2 and Figure 3 are making use of the always configured DL subframes #0, 1, 5. 
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Figure 3: alternative placement for NB-PBCH, NB-PSS, NB-SSS example for TDD configuration #0 normal CP.
Proposal 1: support both TDD and FDD NB-IoT synchronization signal designs.
Proposal 2: make use of DwPTS for NB-PSS, NB-SSS or NB-PBCH placement.
2.3 
RE mapping and Sequence length 

We have tried to accommodate as much as possible similar designs for PSS and SSS for both TDD and FDD. The current proposal makes use of 10 OFDM symbols in all setups as shown in Figure 4. In our previous contribution we have been proposing not to transmit CRS ports 2&3, this constraint does not necessarily seems necessary however it could be considered if the puncturing effect is proved to be a performance issue. In Figure 4 and Figure 5 REF _Ref434320067 \h 
 \* MERGEFORMAT  we depict the FDD and the two TDD options in terms of PSS and SSS. 
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Figure 4: NB-PSS and NB-SSS RE configuration 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: TDD NB-PBCH RE arrangement in special subframe: left: no Nb-IoT Rs present, middle: low density NB-IoT RS, right: high density NB-IoT RS
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 9 OFDM symbols. 10 OFDM symbol design would be possible as well, however 9 OFDM symbols are needed by TDD variant which uses DwPTS for sync transmission.
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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.
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Figure 8: alternative placement for NB-PBCH, NB-PSS, NB-SSS example for TDD configuration #0 extended CP.
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 with several alternatives:

1. at PSS computation stage: utilizing the OFDM symbol spacing which is different in FDD (4 symbols) and TDD (1 symbol when using DwPTS for PSS)

2. by considering both PSS and SSS. This implies some scheduler restriction as in both TDD and FDD the same number of OFDM symbols would be transmitted between NB-PSS1 and NB-PSS2 (in order not to waste any hypothesis) while the TDD/FDD difference would be made by the difference between NB-PSS and NB-SSS signals which would be of 8 subframes in TDD and 9 subframes in FDD (hence a modified version of the design above where the Nb-PSS would be placed in subframes #5 and #9).

· The scenario indication may be done by MIB or other ways may be investigated.

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 both TDD and FDD NB-IoT synchronization signal designs.
Proposal 2: make use of DwPTS for NB-PSS, NB-SSS or NB-PBCH placement.
Proposal 3: Target the same PRB design for NB-PSS and NB-SSS in TDD and FDD.
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