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Introduction
In the Chairman’s Notes of RAN 1 #86bis [1], the following is noted from the WF on synchronization and carrier rasters [2]:
· Email discussion on whether there is a need to support scenarios where synchronization signal(s) of neighbor cells may not be on the same center frequency
· For intra/inter frequency DL measurement, the two options below are discussed:
· The network can signal a reduced set of frequency locations of the sync signal(s)
· including the case where synchronizations signal(s) of neighbor cells are at the same frequency location as the synchronizations signal(s) of the UE’s serving cell
· The UE may always assume the same frequency location of the synchronization signal(s) among neighbor cells
· Email discussion on the proposal, 
· The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth.  
· The spacing (Hz) between the candidate frequency locations of synchronization signal(s) may depends on the frequency bands.
· This does not preclude that for certain bands, the candidate frequency locations of synchronization signals and the possible frequency locations of center of NR carrier bandwidth may be the same
· A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth.

It is furthermore observed in [3] that “[a]n efficient frequency scan procedure should be investigated for NR” where it was also proposed that “NR synchronization raster is a multiple of least common multiples of channel raster and reference NR subcarrier spacing.”
[bookmark: _Ref178064866]Location of sync and its effect on initial PLMN search
Initial cell search is a fundamental property in a cellular communication system such that NR – without it there is little use for the rest of the network functionality. Additionally, it is difficult to predict what band configurations different types of UEs will support in the future. Hence, initial cell search functionality must be possible to execute in a fast and efficient way in all cellular bands in which NR is deployable, hence also in 10+ GHz band with very large bandwidths to search for the UE.

[bookmark: _Toc465428981][bookmark: _Toc465441037][bookmark: _Toc465867310][bookmark: _Toc465869320][bookmark: _Toc465975270]NR should allow for fast PLMN cell search at all cellular bands, also at 10+ GHz bands with very large bandwidths.

Initial cell search serves several purposes along the way to establishing a connection to a preferred PLMN:
· Fix the UE LO to the network frequency,
· Fix the UE to the network timing, both on a symbol and a subframe level, and,
· Identify the other carrier-specific properties for random access.
Detection of LTE’s sync signals is oftentimes based on power spectrum estimation, see Figure 1. Here the UE records the power over a segment of the cellular band, typically averaging over multiple subframes, to reach a sufficiently accurate power spectrum estimate.


[bookmark: _Ref465348140]Figure 1: Illustration of a cellular band allocation in LTE.
Based on the result of the search, some candidate sync frequencies are identified by using filters matched to the power spectra of the different bandwidths.


Figure 2: Illustration of candidate sync frequency positions in LTE.
Having determined candidate sync frequencies, a finer frequency grid is searched to account for LO frequency errors in the UE and to find the PSS/SSS etc.
NR differs considerably compared with LTE, regarding the above description:
· NR is proposed to not provide the always-on CRS signaling that is the case with LTE. Hence, recording the power spectrum will be more time consuming and not sufficiently reliable.
· NR will allow for sparse sync signaling, requiring even more temporal averaging than LTE, to achieve the same result.
· Higher frequency bands will require use of crystals with worse open loop accuracy, typically up to 40 ppm instead of 10 ppm, hence requiring a larger search grid for candidate sync locations.

[bookmark: _Toc465343475][bookmark: _Toc465428920][bookmark: _Toc465428954][bookmark: _Toc465441033][bookmark: _Toc465867304][bookmark: _Toc465869317][bookmark: _Toc465975265]LTE-like initial PLMN cell search algorithms are not feasible for NR.

[bookmark: _Toc465428921]Another difference from LTE is that LTE will span wider frequency bands, up to several GHz. This, in turn will allow for more carriers per cellular band and more carrier combinations within a frequency band. Furthermore, NR will function from sub-GHz to 100 GHz, resulting in many more cellular bands than is the case with LTE.

[bookmark: _Toc465343476][bookmark: _Toc465428922][bookmark: _Toc465428955][bookmark: _Toc465441034][bookmark: _Toc465867305][bookmark: _Toc465869318][bookmark: _Toc465975266]Without any limitations, NR will have many more sync location possibilities than LTE.

In LTE, the sync signal is centrally located in the carrier bandwidth. Without a power spectrum estimate, this location is undesirable since it does not allow for synergies with respect to different carrier bandwidths when searching for a sync at a carrier with an unknown bandwidth, see Figure 3. The assumption in the figure is that that the UE has identified one LTE carrier with a known bandwidth (to the left of the present search interval), and is about to attempt to sync towards an (spectrally) adjacent LTE carrier with an unknown bandwidth. For the LTE case in Figure 3 (a), the UE must perform six sync attempts to cover the six possible carrier bandwidths that are allowed in LTE. If instead the sync is collocated for all possible bandwidths, e.g., at the edge as is the case in Figure 3 (b) or at another suitable location, a sync signal for all six bandwidth alternatives could be detected with a single sync attempt. Hence, without knowledge of the carrier bandwidth, a centrally located sync is clearly disadvantageous.


[bookmark: _Ref465425334]Figure 3: Illustration of, in (a), disadvantage from not having, and, in (b), advantage with having collocated sync positons when searching for a sync in an unknown bandwidth. The asterix implies sync location.
[bookmark: _Toc465343477][bookmark: _Toc465428923][bookmark: _Toc465428956][bookmark: _Toc465441035][bookmark: _Toc465867306][bookmark: _Toc465869319][bookmark: _Toc465975267]A central sync location offers little or no benefits from sync collocation between different, unknown, carrier bandwidths.

[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc465343491][bookmark: _Toc465428982][bookmark: _Toc465441038][bookmark: _Toc465867311][bookmark: _Toc465869321][bookmark: _Toc465975271]Sync should not be fixed to a central location within the carrier bandwidth.

However, preferable approaches to the edge sync location may also exist. This is in part depending on the properties of the cellular band in question, e.g., the number of carriers sharing the band, and their band allocations. One desirable property to minimize overall sync times, is for wideband carriers (assumed to be carriers with more users) to sync faster than narrowband carriers. Assuming the sequential approach, that would translate to wideband carriers being allocated at the lower end of the spectrum whereas narrowband carriers are located at the higher end of the spectrum. It would also imply a highly unfair sync procedure heavily depending on the carrier band location within the cellular band. Such detailed control and unfair procedures are of course neither possible, nor desirable. By allowing flexible sync locations, an efficient sync scheme could be maintained regardless of the partitioning of the cellular band.

[bookmark: _Toc465343492][bookmark: _Toc465428983][bookmark: _Toc465441039][bookmark: _Toc465867312][bookmark: _Toc465869322][bookmark: _Toc465975272]NR should allow for sufficiently flexible sync positioning within a carrier band.

Allowing for flexible sync locations as well as a low sync duration requires a different sync approach. Using á priori knowledge of allowed absolute sync locations for each cellular band, i.e., independent of the relative location within the carrier bandwidth, is one such approach. By careful design of suitable positions, the cost in terms of extra overhead, even though significantly more sync positions than carriers would exist within a band, is negligible compared to the gains in terms of faster initial cell search and network access.

[bookmark: _Toc465428984][bookmark: _Toc465441040][bookmark: _Toc465867313][bookmark: _Toc465869323][bookmark: _Toc465975273][bookmark: _Toc465343493]Sync should be located among a finite set of absolute frequencies (>> EARFCN raster).

[bookmark: _Toc465867314][bookmark: _Toc465869324][bookmark: _Toc465975274]Independent of gNB bandwidth, the gNB must chose a sync location within the gNB bandwidth from the finite set of allowed sync frequencies.
Conclusion
In this contribution we discussed efficient PLMN search in NR.
In Section 2 we made the following observations:
Observation 1	LTE-like initial PLMN cell search algorithms are not feasible for NR.
Observation 2	Without any limitations, NR will have many more sync location possibilities than LTE.
Observation 3	A central sync location offers little or no benefits from sync collocation between different, unknown, carrier bandwidths.

Based on the discussion in Section 2 we propose the following:
Proposal 1	NR should allow for fast PLMN cell search at all cellular bands, also at 10+ GHz bands with very large bandwidths.
Proposal 2	Sync should not be fixed to a central location within the carrier bandwidth.
Proposal 3	NR should allow for sufficiently flexible sync positioning within a carrier band.
Proposal 4	Sync should be located among a finite set of absolute frequencies (>> EARFCN raster).
Proposal 5	Independent of gNB bandwidth, the gNB must chose a sync location within the gNB bandwidth from the finite set of allowed sync frequencies.

[bookmark: _In-sequence_SDU_delivery]References
Draft Report of 3GPP TSG RAN WG1 #86bisbis v0.1.0, Lisbon, Portugal, September 10th – 14th 2016
[bookmark: _Ref465974987]R1-1611035, “WF on synchronization and carrier rasters”, RAN1 #86bis, Huawei, HiSilicon, RAN1 #86bis, Lisbon, Portugal, September 10th – 14th 2016
[bookmark: _Ref465975424]R1-1610156, “Single beam synchronization design”, Qualcomm Inc., RAN1 #86bis, Lisbon, Portugal, September 10th – 14th 2016
	1/1	
image2.emf
Network

detected

Frequency


Microsoft_Visio_Drawing1.vsdx
Network
detected
Frequency



image3.emf
Centered sync Edge sync

20 MHz

15 MHz

10 MHz

5 MHz

3 MHz

1.4 MHz

(a)

(b)


Microsoft_Visio_Drawing2.vsdx
Centered sync
Edge sync
20 MHz
15 MHz
10 MHz
5 MHz
3 MHz
1.4 MHz
(a)
(b)



image1.emf
Power

Frequency

10 MHz

10 MHz

15 MHz

5 M 

Hz

10 MHz


Microsoft_Visio_Drawing.vsdx
Power
Frequency
10 MHz
10 MHz
15 MHz
5 M Hz
10 MHz




 


1


/


1


 


 


3GPP TSG


-


RAN WG


1


 


M


eeting 


#


87


 


R


1


-


1


611899


 


Reno, NV, U.S.A., 1


4


th


 


–


 


1


8


th


 


November


 


2015


 


 


Agenda Item:


 


7.1.2.1


 


Source:


 


Ericsson


 


Title:


 


NR Synchronization signal frequency raster


 


Document for:


 


Discussion, Decision


 


 


1


 


Introduction


 


In 


the Chairman’s Notes of 


RAN 1 #86bis


 


[1]


, the following 


is noted from the 


WF on synchronization and carrier 


rasters


 


[2]


:


 


•


 


Email discussion on whether there is a need to support scenarios where synchronization signal(s) of 


neighbor cells may not be on the same center frequency


 


•


 


For intra/inter frequency DL measurement, the two options below are dis


cussed:


 


•


 


The network can signal a reduced set of frequency locations of the sync signal(s)


 


•


 


including the case where synchronizations signal(s) of neighbor cells are at the same 


frequency location as the synchronizations signal(s) of the UE’s serving cell


 


•


 


Th


e UE may always assume the same frequency location of


 


the synchronization signal(s) 


among 


neighbor


 


cells


 


•


 


Email discussion on the proposal, 


 


•


 


The candidate frequency locations of synchronization signal(s) are sparser than the possible 


frequency locations of 


the center of NR carrier bandwidth. 


 


 


•


 


The spacing (Hz) between the candidate frequency locations of synchronization 


signal(s) may depends on the frequency bands.


 


•


 


This does not preclude that for certain bands, the candidate frequency locations of 


synchronization signals and the possible frequency locations of center of NR carrier 


bandwidth may be the same


 


•


 


A UE should not assume a fixed frequency separation between the frequency location of 


synchronization signal(s) and the center of NR carrier band


width.


 


 


It is furthermore observed in 


[3]


 


that 


“[a]n efficient frequency scan procedure should be investigated for NR” 


where it was also proposed that “


NR


 


synchron


ization 


raster


 


is a multiple of 


least common multiples of 


channel raster


 


and reference NR subcarrier spacing.”


 


2


 


Location of sync and its effect on initial PLMN search


 


Initial cell search is a fundamental property in a 


cellular communication system such that


 


NR


 


–


 


without it there 


is little use for the rest of the network functionality. Additionally, it is difficult to predict what band configurations 


different types of UEs will


 


support


 


in the future. 


Hence, initial cell search functionality must be possible t


o 


execute 


in a fast and 


efficient


 


way 


in all cellular bands in which NR is deployable


, hence also in 10


+


 


GHz band 


with very large bandwidth


s


 


to search for 


the UE


.


 


 


Proposal 1


 


NR should allow for 


fast


 


PLMN cell search


 


at all cellular bands


, also at 10+ GHz bands 


with 


very large bandwidths


.


 


 


Initial cell search serves several purposes along the way to establishing a connection to a preferred PLMN:


 




  1 / 1     3GPP TSG - RAN WG 1   M eeting  # 87   R 1 - 1 611899   Reno, NV, U.S.A., 1 4 th   –   1 8 th   November   2015     Agenda Item:   7.1.2.1   Source:   Ericsson   Title:   NR Synchronization signal frequency raster   Document for:   Discussion, Decision     1   Introduction   In  the Chairman’s Notes of  RAN 1 #86bis   [1] , the following  is noted from the  WF on synchronization and carrier  rasters   [2] :   •   Email discussion on whether there is a need to support scenarios where synchronization signal(s) of  neighbor cells may not be on the same center frequency   •   For intra/inter frequency DL measurement, the two options below are dis cussed:   •   The network can signal a reduced set of frequency locations of the sync signal(s)   •   including the case where synchronizations signal(s) of neighbor cells are at the same  frequency location as the synchronizations signal(s) of the UE’s serving cell   •   Th e UE may always assume the same frequency location of   the synchronization signal(s)  among  neighbor   cells   •   Email discussion on the proposal,    •   The candidate frequency locations of synchronization signal(s) are sparser than the possible  frequency locations of  the center of NR carrier bandwidth.      •   The spacing (Hz) between the candidate frequency locations of synchronization  signal(s) may depends on the frequency bands.   •   This does not preclude that for certain bands, the candidate frequency locations of  synchronization signals and the possible frequency locations of center of NR carrier  bandwidth may be the same   •   A UE should not assume a fixed frequency separation between the frequency location of  synchronization signal(s) and the center of NR carrier band width.     It is furthermore observed in  [3]   that  “[a]n efficient frequency scan procedure should be investigated for NR”  where it was also proposed that “ NR   synchron ization  raster   is a multiple of  least common multiples of  channel raster   and reference NR subcarrier spacing.”   2   Location of sync and its effect on initial PLMN search   Initial cell search is a fundamental property in a  cellular communication system such that   NR   –   without it there  is little use for the rest of the network functionality. Additionally, it is difficult to predict what band configurations  different types of UEs will   support   in the future.  Hence, initial cell search functionality must be possible t o  execute  in a fast and  efficient   way  in all cellular bands in which NR is deployable , hence also in 10 +   GHz band  with very large bandwidth s   to search for  the UE .     Proposal 1   NR should allow for  fast   PLMN cell search   at all cellular bands , also at 10+ GHz bands  with  very large bandwidths .     Initial cell search serves several purposes along the way to establishing a connection to a preferred PLMN:  

