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Introduction
From RAN1 #88, the following is presented in the Meeting Minutes Report [1]:
	Agreements:
· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity
· For carrier frequency range category #A : TBD among 10, 20 ms
· E.g. range for #A (0 ~ 6 GHz)
· For carrier frequency range category #B : TBD among 10, 20 ms
· E.g. range for #B (6 GHz ~ 60 GHz )
· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.
…
· RAN1 will definitely down select the values from 10, 20 ms in the next meeting



[bookmark: _Ref178064866]Discussion
Previously presented papers have shown that sync complexity relates to both sync raster frequency and sync burst set periodicity. It is the purpose of this paper to sort out which performance indicator is relevant for which sync scenario, cell type or UE sync implementation and for which they are not.
Sync KPIs
Previous meetings have encouraged companies to present key performance indicators for sync. Apart from sync SNR performance, there are a few other KPIs that have been identified to be directly affected by the sync design:
Network energy efficiency is selected as one of thirteen performance requirements for IMT-2020. A previous contribution [2] has presented the benefit of longer sync periods with respect to network energy efficiency based on the base station power consumption model presented in [3] and reproduced for convenience in Table 1.
[bookmark: _Ref473890073]Table 1: Base station power consumption in 2020 technology.

From here it is possible to compare the overhead power increases for different constellations of BS types, loads and sync periods. Figure 1 presents the overhead power (i.e., sync power and sleep power) increases relative to a 100 ms sync period transmitted with 5 % of the energy for 0.4 ms for a large scale antenna system (LSAS) BS case. For the 10 ms sync period, the increase in overhead power is 122 % and 160 % for the no load and the 50 % load cases, respectively. The corresponding figures for the 20 ms case is 53 % and 87 %, respectively. Comparing 10 ms and 20 ms periodicities, a 10 ms periodicity results in 39 % increase in energy overhead compared to a 20 ms periodicity, due to its worse sleep mode performance.

[bookmark: _Ref474167282][bookmark: _Ref474167273]Figure 1: Overhead power increases relative to a 100 ms sync period sleep mode power for loads of 0 %, 10 % and 50 % and for sync periods between 10 and 80 ms.
[bookmark: _Toc473884179][bookmark: _Toc473884218][bookmark: _Toc473884282][bookmark: _Toc473884339][bookmark: _Toc473884366][bookmark: _Toc473884395][bookmark: _Toc473884437][bookmark: _Toc473884490][bookmark: _Toc473884529][bookmark: _Toc473904346][bookmark: _Toc473909927][bookmark: _Toc474164767][bookmark: _Toc474169230][bookmark: _Toc478129351][bookmark: _Toc478129408]Sleep mode power savings of more than 40% can be made with a longer sync periodicity.
[bookmark: _Toc473884180][bookmark: _Toc473884219][bookmark: _Toc473884283][bookmark: _Toc473884341][bookmark: _Toc473884368][bookmark: _Toc473884397][bookmark: _Toc473884438]Network flexibility is a somewhat vaguely defined term. One aspect of network deployment flexibility is related to network deployment costs. As shown above, a longer sync period will directly affect either CAPEX, OPEX, or both, negatively. For cost sensitive scenarios, e.g., providing solar powered village coverage in poor rural areas, such extra costs may be what’s tipping the balance against network deployment. Further considerations regarding network flexibility are presented in [4]. Another aspect here is the effect of signaling overhead on the network beamforming capabilities. Assuming a 10 ms sync periodicity in a 5 MHz network, little else will be transmitted in that network apart from the synchronization signal block (SSB) and an occasional PDSCHSIB or paging message if the network should have anything but the most fundamental beamforming capability. In  [8], the proposed SSB burst and burst set configuration is presented. From there it is evident that the SSB will consume most of the spectrum, up to 8 ms, leaving little left for actual data transmissions.
Time-to-sync, instead of complexity is what really matters for most users when turning off flight mode while disembarking an aircraft or at power-on. Although complexity may be directly translated into power, that power is negligible compared to other use cases like watching a short video stream. Instead, what is more important to the user for this use case is time-to-sync. As will be shown below, a UE is unlikely to access a hot-spot network as a first network. Furthermore, this is a parameter that will be relevant for the smartphone case, but maybe not as much for other UE types. Furthermore, different UE types will have different chipset properties allowing for different sync implementations.
Out-of-sync (OoS) complexity is a KPI which has received much attention in the NR standardization work, since the task of traversing too many sync positions for too long sync periods will result in unreasonably high power consumption. However, OoS is likely to be less of a problem than many perceive. For reasons explained below, it is reasonable to assume that it will mainly be a problem related to low frequency, wide coverage, macro base stations. For these cases coverage is less of an issue than for the hot-spot case and due to their locations in relatively narrow frequency bands, complexity is less of an issue.
Cell reselection RX-on is mainly due to powering on the modem radio for sync search. As presented below, the network can mitigate the need for a UE to search a full sync burst set period such that performance on par with LTE may be achieved.
NR future proofness increases significantly by maximizing broadcast periodicity. A longer sync period implies there will be less restrictions, due to a frequently appearing sync, and consequently more freedom to implement new features due to the relaxed requirements associated with longer sync periods.
NR-SS scenarios
It has been agreed at previous meetings that the NR-SS block will be used in the following scenarios:
Initial access (IA) at power-on, at which time no network assumptions may be made and the UE frequency error can be expected to be large (up to ±50 ppm). For this case, a previously presented structured, tree-based sync search order has shown to provide significant gains [5]. These gains arise from two important factors that are independent of both sync scheme and frequency raster that is finally chosen:
· Ability to detect a sync on the first sync position attempt and thereby eliminating the need for further frequency hypothesizing for subsequent sync positions
· Increasing the likelihood of finding the desired sync position on any of the first searched sync positions allowing for a fine frequency raster without all the associated costs
[bookmark: _Toc473631816][bookmark: _Toc473636036][bookmark: _Toc473711256][bookmark: _Toc473711322][bookmark: _Toc473711339][bookmark: _Toc473711391][bookmark: _Toc473711410][bookmark: _Toc473716771][bookmark: _Toc473716791][bookmark: _Toc473716819][bookmark: _Toc473716895][bookmark: _Toc473716958][bookmark: _Toc473716975][bookmark: _Toc473717002][bookmark: _Toc473717036][bookmark: _Toc473717080][bookmark: _Toc473719431][bookmark: _Toc473720488][bookmark: _Toc473884181][bookmark: _Toc473884220][bookmark: _Toc473884284][bookmark: _Toc473884342][bookmark: _Toc473884370][bookmark: _Toc473884398][bookmark: _Toc473884439][bookmark: _Toc473884491][bookmark: _Toc473884530][bookmark: _Toc473904347][bookmark: _Toc473909928][bookmark: _Toc474164768][bookmark: _Toc474169231][bookmark: _Toc478129352][bookmark: _Toc478129409]A structured, tree-based sync search order may substantially reduce both time and complexity for initial access.
[bookmark: _Toc473631820][bookmark: _Toc473636040][bookmark: _Toc473711257][bookmark: _Toc473711323][bookmark: _Toc473711340][bookmark: _Toc473711392][bookmark: _Toc473711411][bookmark: _Toc473717085][bookmark: _Toc473719436][bookmark: _Toc473720493][bookmark: _Toc473884239][bookmark: _Toc473884536][bookmark: _Toc473904353][bookmark: _Toc473909934][bookmark: _Toc474164774][bookmark: _Toc474164781][bookmark: _Toc474169227][bookmark: _Toc478129419]A tree based, hierarchical sync deployment should be considered for NR to reduce initial access at power-on.
It is shown in [7] that PSS detection at power-on may be substantially improved by using a wideband recording and off-line processing approach together with the hierarchical tree-based sync allocation proposal. For the fictive 80 MHz band that is used in the computations, initial access NR PSS latency using a 20 ms sync periodicity was more than halved and the energy cost were reduced by 30% compared to the legacy de facto standard LTE sync detection approach.
OoS access recovery, in which case network information may be judged void. Hence, a full sync search over the whole frequency band may need to take place, and, due to frequency drift in the PLL, eventually also with a need for renewed frequency hypothesis testing. Such a search is admittedly expensive in terms of consumed power as is shown in detail in [7], but the gain from a halved sync periodicity is not dramatically changing that why other aspects should be considered instead. A realistic alternative is thus needed to address this problem. One way would be to provide the UE with more accurate and current neighboring cell data when the UE detects, e.g., from inter-frequency mobility measurements, that it is about to become OoS, and from that limit the cell search procedure. Furthermore, as is argued below, this event is likely to occur significantly less often than some give the impression to believe.
Idle mode cell reselection, in which case the sync frequency is known but the sync time is not, resulting in negligible search complexity but power consumption costs for keeping the radio on over the search time. For this case, however, it should be noted that a long sync burst period of 80 ms may not necessarily translate into a need for a UE to search over the full sync period. Network coordination, implying coordinated sync instants, may limit the neighboring cell sync instant to within 5 ms from the present sync. For ease of network deployment such allowed sync interval could be complemented with another allowed sync interval which could be offset by half a sync period (40 ms) from the first one.
[bookmark: _Toc473631817][bookmark: _Toc473636037][bookmark: _Toc473711258][bookmark: _Toc473711324][bookmark: _Toc473711341][bookmark: _Toc473711393][bookmark: _Toc473711412][bookmark: _Toc473716772][bookmark: _Toc473716792][bookmark: _Toc473716820][bookmark: _Toc473716896][bookmark: _Toc473716959][bookmark: _Toc473716976][bookmark: _Toc473717003][bookmark: _Toc473717037][bookmark: _Toc473717081][bookmark: _Toc473719432][bookmark: _Toc473720489][bookmark: _Toc473884182][bookmark: _Toc473884221][bookmark: _Toc473884285][bookmark: _Toc473884343][bookmark: _Toc473884371][bookmark: _Toc473884399][bookmark: _Toc473884440][bookmark: _Toc473884492][bookmark: _Toc473884531][bookmark: _Toc473904348][bookmark: _Toc473909929][bookmark: _Toc474164769][bookmark: _Toc474169232][bookmark: _Toc478129353][bookmark: _Toc478129410]Long sync periods in idle mode cell reselection need not translate into long sync search periods.
[bookmark: _Toc473631821][bookmark: _Toc473636041][bookmark: _Toc473717086][bookmark: _Toc473719437][bookmark: _Toc473720494][bookmark: _Toc473884240][bookmark: _Toc473884537][bookmark: _Toc473904354][bookmark: _Toc473909935][bookmark: _Toc474164775][bookmark: _Toc474164782][bookmark: _Toc474169228][bookmark: _Toc478129420]NR-SS signals between neighboring cells should be coordinated to occur within a fraction of the sync period (e.g., 5 ms) such that UE RX-on for idle mode cell reselection can be minimized.
Inter-RAT and inter-frequency measurements are not part of NR-SS. Since these have little need for frequency synchronization, such tasks are better managed by MRS or similar.

Table 1: Sync scenarios and their relevance for different KPIs.
	
	
	Key Performance Indicator

	
	
	Time-to-sync
	Complexity
	RX-on

	Scenario
	IA at power-on
	X
	
	

	
	OoS access recovery
	
	X
	X

	
	Idle mode cell reselection
	
	
	X


Cell types
NR is designed for a multitude of frequency bands, ranging from ½ GHz to 100 GHz, and cell types, ranging from macro cells with a vast coverage, to femtocells with a limited covering. Furthermore, NR networks will reflect the cell properties such that anything from networks providing (almost) complete wide area coverage to single node hot-spots with very limited coverage. The two extremes, and their effect on sync are:
Wide area networks (WANs), where each cell covers a large areas and jointly a huge area is covered. In such a network OoS will still occur but very infrequently. A WAN is typically characterized by using low carrier frequencies, and thus also limited bandwidths. Due to the limited bandwidth, also sync complexity is limited.
Hot-spots, per definition, do not provide coverage. Hence, OoS is a less relevant case for this kind of network. An OoS UE in a hot-spot network had better consider an accessing a network at another (lower) frequency than trying to perform hot-spot access recovery. Furthermore, since the UE can be expected to know about its alternative networks and their properties such as NR-SS, and, at least initially, tuned PLL, such an initial access procedure has limited complexity.
[bookmark: _Toc473631818][bookmark: _Toc473636038][bookmark: _Toc473711259][bookmark: _Toc473711325][bookmark: _Toc473711342][bookmark: _Toc473711394][bookmark: _Toc473711413][bookmark: _Toc473716773][bookmark: _Toc473716793][bookmark: _Toc473716821][bookmark: _Toc473716897][bookmark: _Toc473716960][bookmark: _Toc473716977][bookmark: _Toc473717004][bookmark: _Toc473717038][bookmark: _Toc473717082][bookmark: _Toc473719433][bookmark: _Toc473720490][bookmark: _Toc473884183][bookmark: _Toc473884222][bookmark: _Toc473884286][bookmark: _Toc473884344][bookmark: _Toc473884372][bookmark: _Toc473884400][bookmark: _Toc473884441][bookmark: _Toc473884493][bookmark: _Toc473884532][bookmark: _Toc473904349][bookmark: _Toc473909930][bookmark: _Toc474164770][bookmark: _Toc474169233][bookmark: _Toc478129354][bookmark: _Toc478129411]OoS complexity is limited to low frequency networks and/or macro cells with limited bandwidths and sync positions.
Table 2: Sync scenario relevancy for different cell types.
	
	
	[bookmark: _Toc473711260][bookmark: _Toc473711326][bookmark: _Toc473711343]Sync scenario

	
	
	[bookmark: _Toc473711262][bookmark: _Toc473711328][bookmark: _Toc473711345]IA at power-on
	[bookmark: _Toc473711263][bookmark: _Toc473711329][bookmark: _Toc473711346]OoS access recovery
	[bookmark: _Toc473711264][bookmark: _Toc473711330][bookmark: _Toc473711347]Idle mode cell reselection

	Cell type
	[bookmark: _Toc473711265][bookmark: _Toc473711331][bookmark: _Toc473711348]Macro
	[bookmark: _Toc473711266][bookmark: _Toc473711332][bookmark: _Toc473711349][bookmark: _Toc473711395]X
	[bookmark: _Toc473711267][bookmark: _Toc473711333][bookmark: _Toc473711350][bookmark: _Toc473711396]X
	[bookmark: _Toc473711268][bookmark: _Toc473711334][bookmark: _Toc473711351][bookmark: _Toc473711397]X

	
	[bookmark: _Toc473711269][bookmark: _Toc473711335][bookmark: _Toc473711352]Hot-spot
	
	
	[bookmark: _Toc473711270][bookmark: _Toc473711336][bookmark: _Toc473711353][bookmark: _Toc473711398]X



UE sync implementation
In addition to the above properties affecting sync performance, also the UE properties must be considered. Two rough groups of UEs are presented here:
Smartphone implementation
Smartphones, typically multiband, multi-RAT, large RX bandwidth and substantial memory. Although OoS will occasionally occur, the main KPIs for this type of UE is time-to-sync at power-on and idle mode cell reselection performance (standby mode longevity). Here off-line sync processing is likely the preferred implementation method such that a maximum bandwidth, , is recorded for a bit more than a sync period of duration, , and then processed off-line. Assume further a recording resolution, , per sample, then the amount of memory, M, that is required for storing such a recording is

Assuming a carrier aggregation capable UE, ,  and  results in a total memory requirement of 16 MB of data and a real time data write rate of 1.6 Gbps. This is well within the limits of today’s smartphone chipsets. Furthermore, when OoS, the CPU is unlikely to be very preoccupied, implying that nearly all CPU resources may be used for sync search, a task that is highly parallelizable and thus well suited for multicore processors. From the above it can be concluded that smartphones will be able to detect any sync in a low frequency band within a fraction of a second – sufficiently fast not to matter.
[bookmark: _Toc473711271][bookmark: _Toc473711337][bookmark: _Toc473711354][bookmark: _Toc473711399][bookmark: _Toc473711414][bookmark: _Toc473716775][bookmark: _Toc473716795][bookmark: _Toc473716823][bookmark: _Toc473716899][bookmark: _Toc473716962][bookmark: _Toc473716979][bookmark: _Toc473717005][bookmark: _Toc473717040][bookmark: _Toc473717083][bookmark: _Toc473719434][bookmark: _Toc473720491][bookmark: _Toc473884184][bookmark: _Toc473884223][bookmark: _Toc473884287][bookmark: _Toc473884345][bookmark: _Toc473884373][bookmark: _Toc473884401][bookmark: _Toc473884442][bookmark: _Toc473884494][bookmark: _Toc473884533][bookmark: _Toc473904350][bookmark: _Toc473909931][bookmark: _Toc474164771][bookmark: _Toc474169234][bookmark: _Toc478129355][bookmark: _Toc478129412]Off-line sync processing in smartphones is feasible with sufficiently little sync dwell time.
[bookmark: _Toc478129356]In an accompanying paper [7], an approach for sync detection is presented that allows for fast and efficient sync. The approach is repeated below for convenience:
1. Record full bandwidth for the duration of a sync period (20 ms).
2. Perform an FFT on the whole 20 ms interval.
3. Select a subset of the frequency bins, depending on 
a. sync frequency,
b. numerology, and
c. frequency error hypothesis.
4. Compute an IFFT on the frequency bin subset
5. Filter the time domain signal with a sync reference
6. Detect sync based on magnitude of filter output

[bookmark: _Toc478129357]As previously mentioned, using this algorithm, together with hierarchical sync positions, latency costs for sync, as compared to corresponding values for LTE are presented for a fictive 80 MHz bandwidth. The results show that NR sync in the fictive band can be implemented such that NR achieves sync at half the speed compared to LTE and with 30 % less power consumption.
[bookmark: _Toc478129358][bookmark: _Toc478129413]Using a structured, tree-based sync search order, PSS detection at power-on with 20 ms sync periodicity can be improved by more than 50 % in terms of latency and 30 % in terms of energy consumption.
Implementation in “other” devices
“Other” devices may be characterized by deviating properties relative a smartphone in terms of CPU, memory capacity, radio bandwidth, supported band combinations or mobility requirements. Many of these devices are also likely to present more relaxed sync requirements. Unfortunate choices of combinations for such devices will be possible, in which case sync will be unnecessarily slow or power consuming, but preventing such designs should not be within the scope of defining a standard, but rather to empower good such choices.
[bookmark: _Toc473631819][bookmark: _Toc473636039][bookmark: _Toc473711272][bookmark: _Toc473711338][bookmark: _Toc473711355][bookmark: _Toc473711400][bookmark: _Toc473711415][bookmark: _Toc473716776][bookmark: _Toc473716796][bookmark: _Toc473716824][bookmark: _Toc473716900][bookmark: _Toc473716963][bookmark: _Toc473716980][bookmark: _Toc473717006][bookmark: _Toc473717041][bookmark: _Toc473717084][bookmark: _Toc473719435][bookmark: _Toc473720492][bookmark: _Toc473884185][bookmark: _Toc473884224][bookmark: _Toc473884288][bookmark: _Toc473884346][bookmark: _Toc473884374][bookmark: _Toc473884402][bookmark: _Toc473884443][bookmark: _Toc473884495][bookmark: _Toc473884534][bookmark: _Toc473904351][bookmark: _Toc473909932][bookmark: _Toc474164772][bookmark: _Toc474169235][bookmark: _Toc478129359][bookmark: _Toc478129414]Different sync approaches will exist for different UE types with different sync requirements.
Effects on NR-SS periodicity
There are several reasons why NR should adopt a 20 ms sync period:
[bookmark: _GoBack]Network beamforming capabilities will not be restricted from a shorter sync period. A 20 ms sync period implies sufficiently little overhead such that beamforming will be possible also for more narrowband deployments, e.g., in legacy 5 MHz carriers. Related to this matter is also the network signaling overhead and network capacity where the former will decrease and the latter will increase with a longer sync period. In particular lower frequency networks where smaller bandwidths are used the impact on system performance will be significant. Directly related to operator OPEX is the network energy consumption. Above it was shown that the overhead energy increases with 39 % by chosing the lower sync period. This in turn will affect many network deployment scenarios that may already be on the brink of unprofitability from higher CAPEX associated with the increased overhead. Finally, by selecting a longer sync period, the future proofness of NR increases dramatically since there will be less restrictions due to a frequently appearing sync, and consequently more freedom to implement new features due to the relaxed requirements associated with longer sync periods.
On the other hand, speaking against a 20 ms sync is UE power consumption. In [7] it is shown that energy or latency is no problem for a 20 ms sync for the initial access at power-on scenario. In fact, power-on latency and energy consumption is shown to be substantially improved compared to LTE. This leaves the only real advantage with a 10 ms sync with the exceptionally rare out-of-sync scenario where a UE has absolutely no á priori network information. For this case a 10 ms sync may decrease energy consumption less than half. However, if the UE is only able to detect one network, energy will instantly be reduced by roughly one order of magnitude, due to an eliminated need for frequency error hypothesizing. In this perspective the gain from a shorter sync period adds little to the overall performance.
From this we make the following proposal:
[bookmark: _Toc473717087][bookmark: _Toc473719438][bookmark: _Toc473720495][bookmark: _Toc473884241][bookmark: _Toc473884538][bookmark: _Toc473904355][bookmark: _Toc473909936][bookmark: _Toc474164776][bookmark: _Toc474164783][bookmark: _Toc474169229][bookmark: _Toc478129421]NR should adopt a sync period of 20 ms.
[bookmark: _Ref473719292]Conclusion
In Section 2 we made the following observations:
Observation 1	Sleep mode power savings of more than 40% can be made with a longer sync periodicity.
Observation 2	A structured, tree-based sync search order may substantially reduce both time and complexity for initial access.
Observation 3	Long sync periods in idle mode cell reselection need not translate into long sync search periods.
Observation 4	OoS complexity is limited to low frequency networks and/or macro cells with limited bandwidths and sync positions.
Observation 5	Off-line sync processing in smartphones is feasible with sufficiently little sync dwell time.
Observation 6	Using a structured, tree-based sync search order, PSS detection at power-on with 20 ms sync periodicity can be improved by more than 50 % in terms of latency and 30 % in terms of energy consumption.
Observation 7	Different sync approaches will exist for different UE types with different sync requirements.

Based on the discussion in Section 2 we propose the following:
Proposal 1	A tree based, hierarchical sync deployment should be considered for NR to reduce initial access at power-on.
Proposal 2	NR-SS signals between neighboring cells should be coordinated to occur within a fraction of the sync period (e.g., 5 ms) such that UE RX-on for idle mode cell reselection can be minimized.
Proposal 3	NR should adopt a sync period of 20 ms.
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Overhead power increases relative 100 ms sync period for LSAS [%]

Tsync = 5 ms	Load = 0 %	Load = 10 %	Load = 50 %	194.25	207.97	304.91000000000003	Tsync = 10 ms	Load = 0 %	Load = 10 %	Load = 50 %	122.24	118.16	159.97999999999999	Tsync = 20 ms	Load = 0 %	Load = 10 %	Load = 50 %	52.72	57.74	87.52	Tsync = 40 ms	Load = 0 %	Load = 10 %	Load = 50 %	19.77	21.65	34.94	Tsync = 80 ms	Load = 0 %	Load = 10 %	Load = 50 %	3.3	3.61	5.82	
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TABLE V
BASE STATION POWER CONSUMPTION IN 2020 TECHNOLOGY. SLEEP
MODES 1 TO 4 CORRESPOND TO OFDM SYMBOL, SUB-FRAME, RADIO
FRAME AND STANDBY, RESPECTIVELY.

BS power Toad Steep mode (partial deactivation)
consumption [ Full | None T 2 3 1
[l Tidps | Tms [ 0ms [ Ts
2x2 macro | 7026 | 1145 | 765 | 86 | 60 | 33
xdmacro | 7422 | 1389 | 863 | 124 | 73 | 62
pico 69 | 23 5 04 | 03 |02
Temto 22 0 06 02 [ 02 |01
TSAS 205 | 322 | 210 | 4l 24 |16
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