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Abstract
The objective of this document is to describe the synchronization  and cell search procedure defined for eMBB and how satellite deployment scenarios can cope with current definition.









Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.


* * * Start of changes * * * * (modifications)
[bookmark: _Toc493127338]7.3.X Cell search and synchronization
7.3.X.1 procedure defined in eMBB specifications
In order to connect to the 5G network, the UE or RN need to perform initial cell search. This cell search consists in 4 main phases. First one is to detect power on a specific frequency. Then a radio frame is opened and sampled to find the Primary Synchronization Signal (PSS) and the Secondary Synchronization Signal. Those synchronization signals allows time and frequency correction, radio pattern detection, and Cell Id detection. The next step is to decode the PBCH containing the Master Information Blocks. The MIB describe main cell characteristics (total bandwidth, System Frame Number, higher layer information…) and allow for decoding the next System Information Blocks for more information on the cell. 
[image: ]
Figure 1: Cell search procedure
In this document we will focus on PSS and SSS detection. Decoding the PBCH will be studied in a separate paper dedicated to demodulation aspects. In fact, once PSS and SSS are processed, main Doppler shift and timing error are removed. So to keep on decoding the data, and track continuously frequency and timing error, reference symbols (known by the receiver) inserted in the radio frame are used.
To be able to detect PSS and SSS and derive the radio frame timing, those signals are located at a fixed place.
In 4G, only one Sub Carrier Spacing (SCS) was used (15 kHz), so the radio frame structure was fixed, as the bandwidth of the PSS and SSS:
[image: ]
Figure 2: 4G radio frame structure with PSS and SSS
The bandwidth of PSS and SSS was:

In 5G, due to NR numerology allowing more flexibility, the frame structure depends on SCS () chosen in the following table:
Table 1: NR supported transmission numerologies (source Table 4.2-1 of [1])
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	Normal



Depending on SCS chosen, the frame structure is defined as followed:
[image: ]
Figure 3: 5G frame structure
Within this frame structure, PSS and SSS are located at a fixed position. From the following table, extracted from chapter 7.4.3.1 of [1]:
Table 2: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH
[image: ]
We can deduce the following position for PSS, SSS and PBCH:
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Figure 4: PSS, SSS and PBCH location
PSS, SSS and PBCH are referred as Synchronization Signals (SS) blocks in the specifications.
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Figure 5: PSS, SSS, PBCH bandwidth
It is written in [1] that the UE shall assume for PSSS, SSS and PCBH decoding the following:
· subcarrier spacing configuration , where  is missing (FFS if µ=2 is really not usable)
· the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH
We can deduce the following table regarding the bandwidth of PSS/SSS and PBCH:
Table 3: PSS/SSS and PBCH bandwidth
	SCS (kHz)
	PSS/SSS bandwidth (127 subcarriers)
	PBCH bandwidth (288 subcarriers)

	15
	1.905 MHz
	4.32 MHz

	30
	3.08 MHz
	8.64 MHz

	60
	7.62 MHz
	17.28 MHz

	120
	15.24 MHz
	34.56 MHz

	240
	30.48 MHz
	240 kHz is reserved for synchronization signals


 
For each SCS configuration, the minimal bandwidth supported will be superior or equal to the bandwidth of the PBCH. 
7.3.X.2 Satellite to UE deployment scenarios: eMBB should not be supported
Based on link level performance evaluation, in direct satellite to UE deployments (no Relay Node), the bandwidth supported will be limited (to achieve acceptable performance). In downlink, the bandwidth is limited to 200 kHz, and in uplink only single tone is supported. It means that for these deployments scenarios, eMBB specifications cannot be supported (the minimal bandwidth is about 5 MHz). 
By the way, looking at what has been done for NB-IOT, it is possible that mMTC will keep the same kind of requirements:
· 200 kHz maximum bandwidth in downlink (narrow band receivers of 200 KHz, which are cheaper and get better radio link budget, can be used for NB-IOT purpose)
· single tone possible in uplink (better link budget)
In that case, those deployments (satellite to UE) shall be supported. In fact, for NB-IOT, narrow band signals of 200 kHz maximum bandwidth in downlink have been defined. In uplink,  single tone for data transmission and RACH procedure have been created. Narrow band PSS (NPSS), Narrow band SSS (NSSS) and Narrow band PBCH (NPBCH) have been defined:
[image: ]200 kHz
200 kHz

Figure 6: NB-IOT downlink frame structure
Simulations will be run for satellite to UE deployments scenarios with same assumption as for NB-IOT to prove that NPSS and NSSS are sufficient in case of non-geostationary satellites. For geostationary satellites, no specific Doppler compared to terrestrial configurations is foreseen, so no problem should be seen if link budget is confirmed, as the goal is to achieve the same SNR on the receiver as for terrestrial requirements.
7.3.X.2 Satellite to Relay Node deployment scenarios: eMBB should be supported
Regarding Relay Node deployments scenarios, there is no bandwidth limitation. We should then support eMBB specifications regarding synchronization and cell search procedure.
7.3.X.3 Satellite specific Doppler shift constraints in non-geostationary deployments scenarios
Subcarrier Spacing choice is a mitigation between Inter Symbol interference and frequency error robustness. Inter Symbol Interference is less stringent in satellite access than terrestrial, as the angle of arrival is higher for satellite deployments, than terrestrial, and so generating less multipath in satellite case:


RN or UE

Figure 7: terrestrial/satellite angle of arrival


By the way, even if LoS is a prerequisite in our study item for satellite use cases, reflections are still possible, adding interference, especially for a UE with an omnidirectional antenna. This will be studied in a paper separately. 
For geostationary deployments, no specific added Doppler is foreseen compared to terrestrial deployments. But, for non-geostationary satellites deployments, the Doppler shift is also due to satellite speed, whereas for terrestrial networks, gNobeB are supposed to be motionless.
The computation of Doppler shift due to UE or RN speed when satellite is supposed to be motionless (as for geostationary) is, as mentioned in 5.3.1.3:

Where  is the Doppler shift, V the speed of UE or RN, c the speed of light and  the angle defined in figure below:
Θ’

V
angle 
θ
UE


angle 

Figure 8: angle definition
Since for terrestrial systems angle  should be inferior to angle from satellite systems, the Doppler shift due to UE or RN speed will be lower. Satellite system should not induced new requirements, except for airplane use case, surpassing the 500 km/h requirements set in 5G.
But when studying non-geostationary deployments, UE or RN mobility is in fact negligible compared to satellite speed (up to 7,5 km/s in LEO at 600 km). This could lead in worst case (LEO at 600 km in Ka band) to 480 kHz Doppler shift depending of the elevation angle of the satellite…
[image: ]
[bookmark: _Ref497493525]Figure 9: Doppler shift for LEO satellite at 600 km in Ka band (extract from TR 38.811)

7.3.X.3 Satellite specific Doppler shift constraints in non-geostationary deployments scenarios

In those cases, some technique need to be put in place, as original error shall be, at least, less than SCS/2 with a simple auto correlation algorithm applied to Primary Synchronization Signal to be able to synchronize:
Max freq. error

Figure 10: OFDM subcarriers frequency representation
Even with highest SCS defined in NR, this is not possible :
· 60 kHz SCS for S band, the maximum error is then 30 kHz whereas the maximum Doppler shift is 48 kHz
· 240 kHz in Ka band, the maximum error is then 120 kHz whereas the maximum Doppler shift is 480 kHz

Moreover, the requirements for successful synchronization in 3GPP specifications (TableA.1.5-1 of [2] ) regarding SNR level are quite low: about -7 dB. In that case, to get good synchronization performance (>95%), a common rule-of-thumb (used as simulations are not ready yet but will be done later to confirm this assumption) is to consider a maximum Doppler frequency error of 10% of the SCS.
So, with SNR of -7dB, the maximum frequency shift that can be handled is:
· for S band (with 60 kHz SCS), the maximum error is then 6 kHz 
· in Ka band (with 240 kHz SCS), the maximum error is then 24 kHz 

To fall back on those maximum frequency errors, 2 techniques could be used:
· Frequency shift pre-compensation in satellite
· Search for PSS signal with different frequency offset
7.3.X.3.1 Frequency shift pre-compensation in satellite
Each satellite has to serve a relatively large angular area.
[image: ]
Figure 11: Satellite coverage area

To achieve the required budget of radio link, each satellite has to use multi beam onboard antenna.
[image: ]
[bookmark: _Ref497907681]Figure 12: multi beam satellites
In Figure 12 , each color corresponds to one satellite coverage (so 4 satellites represented). Each satellite coverage is composed of 16 beams in this example. Overlapping  beams are isolated by using different frequencies (with a certain re use factor). 
Note that a beam for satellite will correspond to a cell in the context of terrestrial system. Since in 5G the number of beam is limited to 64, and in satellite the number of beams could be higher, each satellite beam will correspond to a cell as if 16 gNodeB were producing this pattern in the previous example.
A frequency pre-compensation can be achieved per cell. Knowing the ephemeris of the satellite and the ground pattern, each satellite beam can have a specific frequency correction.
Looking at the curve from Figure 9: Doppler shift for LEO satellite at 600 km in Ka band (extract from TR 38.811), we clearly see that the number of beams is not sufficient in Figure 12 to achieve, for example in Ka band, a resulting frequency error of 24 kHz. To achieve 24 kHz, the number of beams to be crossed, from the center to the edge of the cell coverage, should be around 20 (instead of 2 in Figure 12).
In S band, to fall back from 48 kHz to 6 kHz, the number of beams to be crossed from center to the edge should be 8.
[image: ]
Figure 14: remaining frequency offset (in % of SCS chosen) compared to the number of beams on the coverage radius
Note that a similar solution could be adopted with RN deployments, where the pre-compensation is done in the RN, if there is a geo-localization system associated, and ephemeris of satellite constellation stored. This could avoid the increase of beams needed.
Another mitigation is to mix satellite pre-compensation with the methods described in the following paragraph.
7.3.X.3.2 Search for PSS signal with different frequency offset
For example in S band, the maximum Doppler shift is 48 kHz. To fall back on 6 kHz maximum offset, different search could be run with k={-4;-3;-2;-1;0;1;2;3;4}, and central frequency of search is: F . 
The same could be done in Ka band: the maximum Doppler shift is 480 kHz. If SCS is 240 kHz, to get good performance, 24 kHz residual error should be obtained. In that case,  different search could be run with k={-10;-9;-8;-7;-6;-5;-4;-3;-2;-1;0;1;2;3;4;5;6;7;8;9;10}, and central frequency of search is: F . There is of course an increase of processing complexity by doing so, but for satellite, less frequencies have to be scanned compared to terrestrial. Hence the added complexity should be acceptable and could be implemented in UE.
7.3.X.4 Conclusion
For UE with omnidirectional antenna, the link budget analysis is showing a maximum bandwidth supported in DL of 200 kHz. If this is confirmed, since current minimum bandwidth of PSS/SSS is 1.905 MHz, it means that those UE should not be able to synchronize. As what has been done for NB-IOT, a possible solution is to define specific channels (including synchronizations) that could fit in the bandwidth supported in DL (200 kHz).
For Relay Node scenarios, the PSS/SSS bandwidth can be supported. So the following has been studied only for Relay Node scenarios:
A previous study, done in TR 38.811, characterized the worst Doppler shift in DL (obtained with LEO satellite at 600 km). This Doppler shift to overcome in synchronization procedure is 48 kHz in S band and 480 kHz in Ka band.
A common rule-of-thumb gives 10% of maximum frequency error compared to SCS to obtain 95% of correct PSS/SSS detection at an SNR of -7 dB which is the 3GPP requirement in [2]. Note that this rule-of-thumb will be replaced by simulations in future proposal. 
SCS choices in S band are 15, 30 and 60kHz. SCS choices in Ka band are 60, 120 and 240 kHz for synchronization only. So if we take for example the highest SCS available, and 10% from the rule-of-thumb, it gives a maximum frequency error to be handled by autocorrelation algorithm of 6 kHz in S band and 24 kHz in Ka band.
To achieve such a low frequency offset before applying the synchronization algorithm, 2 techniques have been described in 7.3.X.3.2 and 7.3.X.3.1:
· Frequency shift pre-compensation by the satellite
· Different frequency offsets applied in the terminal
Since pre-compensation in the satellite requires a lots of satellite beams, which has a cost, this technique could be mixed with search frequency with different offsets on the terminal side, in order to mitigate the number of beams for the satellite and complexity in the terminal.
Then, with current SCS, and for Relay Node deployment scenarios, even with worst case scenarios (LEO at 600 km in Ka or S band), techniques, that are implementable at reasonable cost in satellite and Relay Node, could be put in place to achieve cell search requirements defined at 3GPP for NR.
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