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1. Introduction
In the last meeting, the following conclusions were made for new carriers [1].
Conclusions:

· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done

Aim to confirm the working assumption and close the FFS at RAN1#68bis.

This contribution discusses possible design of synchronization signals for unsynchronised new carriers.  
2. System impact of using Rel-8 PSS/SSS on new carriers
The current working assumption is to make use of Rel-8 PSS/SSS sequences on new carriers and the baseline of time-frequency location is as per Rel-8. The benefits of reusing Rel-8 PSS/SSS sequences and its time-frequency is to simplify implementation effort and increases no extra design on synchronization signals and associated cell search procedure as compared to Rel-8’s. However, exactly the same PSS/SSS transmitted on new carriers might cause unwanted cell search steps for legacy UEs. 
When an UE is powered on, it has to search every 100kHz carrier raster on supported frequency band(s). A typical cell search process includes 1) PSS signal detection, 2) SSS decoding, 3) cell ID identification, etc. These steps are carried out sequentially during cell search and multiple attempts on different carrier frequencies might be pipelined to accelerate search execution. 
If Rel-8 PSS/SSS are applied on a new-type carrier, legacy UEs might try to camp on a non-accessible new-type carrier. This could result in long scan time for legacy UEs while new carriers are deployed in the same frequency bands of legacy systems. This issue is possibly to be resolved by restricting new carriers in non-legacy frequency bands. But it is task of another working group and RAN1 should try to design synchronization signals for new carriers applicable to all frequency bands. 
Proposal #1: Rel-8 PSS/SSS should be applied to new carriers with certain modification(s) to avoid successful detection by legacy UEs. 
The modification(s) includes modifications to sequences of PSS/SSS, their positions in time/frequency domain, and the position relation between PSS and SSS.
3. Possible schemes Rel-8 PSS/SSS on new carriers

The length of delay for legacy UEs due to camping on new carriers with the same PSS/SSS will depend on how many steps of cell search are executed on new carriers. Therefore, while considering reuse Rel-8 PSS/SSS for new carriers, certain modifications or solutions should be able to avoid a legacy UE successfully detect the PSS or SSS of new carriers. 
3.1 Modification of PSS for new carrier

Rel-8 PSS is well designed Zadoff-Chu sequence as follows: 
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Possible modifications on PSS to avoid detection by legacy UE could be to change the positions of sequence in frequency domain, to mask PSS at time/frequency domain by a suitable sequence, etc. The purpose is to let legacy PSS detector fail. 
These modifications will bring certain additional complexity of PSS detection for new carriers as compare to that on legacy carriers. The complexity depends on the modification to Rel-8 PSS. The advantage from modification of PSS is not to waste legacy UE’s search time. 
Alternative #1: Modification of PSS for new carriers.

3.2 Modification of SSS for new carrier

The combination of two length-31 sequences defining the secondary synchronization signal differs between subframe 0 and subframe 5 according to
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Modification of SSS could be achieved by scrambling either one length-31 sequence or the whole SSS with a PN sequence to mask the SSS and make it different from that of legacy system. Another possible approach is to exchange even and odd positions for the two length-31 sequences. 

Approaches to modify SSS could stop unwanted cell search at step 2 and won’t waste more time for a legacy UE on new carriers, but it has let legacy UEs spend time on PSS detection. There is a bit extra complexity due to modification of SSS 
Alternative #2: Modification of SSS for new carriers.

3.3 New time/frequency positions

PSS/SSS can be put on new positions to differentiate from legacy systems. For example, PSS and SSS can be transmitted on second-last and last symbols, respectively, i.e. the positions of PSS and SSS are exchanged with each other in new carriers. A legacy UE can detect PSS still, but can’t find SSS. One of benefits is coherent detection of SSS is still possible. 
Another possible approach is to transmit PSS and SSS on different subcarriers and legacy UEs won’t be able to detect SSS according to the detected PSS carrier frequency. 
In legacy system, there are two pairs of PSS/SSS transmitted in every frame and the two pairs are separated by 5 subframes. Another approach is to change the separation of two pairs to a non 5 subframes or even transmit only one pair in a frame instead. Similarly, it will cause legacy UEs fail to detect second pair of PSS/SSS. 

These approaches only induce change of control in implementation and no extra computation complexity is needed. 

Alternative #3: New time/frequency positions for PSS/SSS in new carriers.
3.4 Comparison between alternatives

Modification of PSS or SSS can induce extra computation complexity. But modification of PSS can have the smallest impact to legacy UEs. Modification of SSS might have lighter impact on complexity increment, but will involve unwanted PSS detection on a new carrier for legacy UEs. New time/frequency positions approaches can have no impact to the two sequences at the cost of involving unwanted PSS detection on a new carrier for legacy UEs. 
While the first priority is to minimize standard impact, approaches of new time/frequency positions for Rel-8 PSS/SSS in new carries is preferred. Modification of PSS can be considered while the first priority is absolutely no impact to legacy UEs. 
4. Conclusions

This contribution discusses the impact of directly reuse Rel-8 PSS/SSS on new carriers and make the proposal as follows: 

Proposal #1: Rel-8 PSS/SSS should be applied to new carriers with certain modification(s) to avoid successful detection by legacy UEs. 

Three alternatives are presented for synchronization signals on new carriers. 
Alternative #1: Modification of PSS for new carriers.

Alternative #2: Modification of SSS for new carriers.

Alternative #3: New time/frequency positions for PSS/SSS in new carriers.
While the first priority is to minimize standard impact, approaches of new time/frequency positions for Rel-8 PSS/SSS in new carries is preferred. Modification of PSS can be considered while the first priority is absolutely no impact to legacy UEs. 
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