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An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we look at current open items in synchronization signal design, following the agreements reached in RAN1#86:
	Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of each synchronization signal and at least some essential system information.
· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges
· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not
· FFS: the transmission bandwidth and the corresponding numerology
· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands



Synchronization signal should fulfil the following requirements agreed in RAN1#86:
	Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)




2	Consideration on mMTC use case
Using different numerologies within the same carrier is motivated by providing optimized radio access for different services, e.g. for enhanced mobile broadband (eMBB), ultra-reliable and ultra-low-latency (URLLC) services and massive machine-type communication (mMTC). Naturally these services are expected to differ e.g. from required data rate and latency perspective, but further differentiation could be expected in terms of device complexity and deployment scenario perspective. Some mMTC type UEs maybe characterized by very narrow processing bandwidth capability (e.g. 200 kHz) compared to expected capabilities of UEs supporting eMBB and/or URLLC service. This limitation may come from device complexity perspective, but also to enable operation on limited spectrum. Due to expected requirement to enable mMTC to operate on more limited bandwidth, it’s considered that separate design may be preferable for mMTC and non-MTC services. This is driven by the different requirements for the synchronisation channel performance, mainly in terms of accuracy and time resource utilization. For instance synchronization signal having bandwidth of ~200 kHz may not provide high enough timing accuracy for all considered sub-carrier spacings e.g. CP lengths of around 1-4 us at below 6 GHz for non-MTC services. Furthermore limited synchronisation signal bandwidth may significantly hinder the achievable detection performance in non-MTC case where the need to support different beam forming architectures, drives for restricted time duration for the synchronisation signal. These are discussed more in Section3.These limitations would hinder also the PRACH preamble design as well.
In below we consider the following the RAN1#86 agreement in the light of the aforementioned aspects: 
	Agreements:
· Whether wideband and narrowband UEs can decode either all or partially the same NR broadcasted signals and channels, should be considered
· This doesn’t mean the broadcasted signals/channels need to be narrowband



The above agreement implies that that it should be studied whether it is feasible to have a common NR synchronization signal design for wideband (eMBB/URLCC) and narrowband UEs (mMTC). For instance, whether mMTC UEs could use eMBB wideband synch signal partially. Synchronisation signal bandwidth for eMBB could be e.g. 4 MHz and 200kHz for mMTC, respectively.
In above the bandwidth limitation requirement (due to different reasons) for mMTC was raised. It is also good to note that limited bandwidth leads to lower received energy, leading to possible need to repeat the synchronisation and other signals to for example reach extended coverage. For eMBB it may not be needed, and it is actually undesirable due the aforementioned need to support different beam forming architectures. Like also raised the intended deployment scenarios may differ for example from available bandwidth perspective, leading therefore to a need to have tighter channel raster and synchronization signal raster for mMTC. On the other hand, it has been raised that it would be desirable to able to limit the NR synchronisation signal raster (which may differ from channel raster), leading to situation where the synchronization channel rasters for eMBB and mMTC would be different. Supporting different rasters within same synchrosation signal design would make a common signal design very complicated. 
Proposal 1: Separate synchronization and initial access design for eMBB/URLCC and mMTC services.
Proposal 2: Design NR synchronization signal(s) based on eMBB/URLLC requirements and consider possible narrowband mMTC design part of the forward compatibility.
3. Considerations on eMBB synchronisation signal design
3.1 Minimum System Bandwidth for eMBB
Important design criteria for synch signal design and how to map potentially multiple synch signals onto resource elements is a minimum system bandwidth assumption. More specifically, minimum system bandwidth assumption sets some limits e.g. on whether synchronization signals, if hierarchical structure is adopted, can be FDMed with each other which would be a desired feature in multi-beam operation to limit the sweeping duration. During RAN1#86 discussions, it was discussed that due to low efficiency in LTE 1.4 and 3 MHz deployments and motivation for WCDMA refarming, 5 MHz as a minimum system bandwidth would be attractive for < 6 GHz. For 6-40 GHz, minimum system bandwidth is considered to be much wider, consider in minimum 20 MHz or wider bandwidth.

Proposal 3: 5 MHz as minimum bandwidth at below 6 GHz.

Proposal 4: For 6-40 GHz carrier frequency range, consider in minimum 20 MHz or wider bandwidth.
3.2	On requirements for synchronization signal detection performance
The NR system is to support multiplexing multiple numerologies within an NR carrier in FDM and TDM manner. Table 1 below illustrates exemplary physical layer parameters for below 6 GHz and 6-40 GHz carrier frequency ranges. The table illustrates the bandwidth requirement for the synchronization signal to reach sufficient timing estimate accuracy. Required synchronization signal bandwidth is calculated so the same ratio as in LTE between inverse of synch signal bandwidth and CP is remained. As can be seen from the table, there would be different synchronization signal bandwidth requirements for different carrier frequency ranges. Considering e.g. below 6 GHz case, using 15 kHz subcarrier spacing (could be default numerology for < 6 GHz) would require 1 MHz synchronization signal bandwidth to reach desired timing accuracy and using 60 kHz subcarrier spacing would require 4 MHz synchronization signal bandwidth. 

Observation 1: There are different synchronization signal bandwidth requirements for different carrier frequency ranges. 
[bookmark: _Ref462870172]Table 1 Illustration of synchronization signal requirements.
	Carrier frequency range
	< 6 GHz
	6-40 GHz

	SCS set [kHz]
	15
	60
	60
	240

	CP [us] [NCP/ECP]
	4.69
	N/A
	1.17
	4.69
	1.17
	N/A
	0.29
	1.17

	Required synch signal bandwidth to reach desired timing accuracy[MHz]
	1
	4
	4
	16



Whether NR synchronization signal(s) should support acquiring timing accuracy required the shortest CP of the numerology set for a certain carrier frequency range is one open point to solve in RAN1. As proposed in [3], one solution is to define a default numerology per carrier frequency range for initial access signals. One possibility is that synchronization signal is dimensioned based on default numerology requirements and additional synchronization signal is provided to the UE when it’s configured (higher layer re-configuration assumed) a numerology with shorter CP than used in default numerology. The same would apply for PRACH as well. Thus, from that perspective, assuming default numerology having longest CP within the set in the carrier frequency range in question, there would not be that stringent bandwidth requirement as such. E.g. assuming 15 kHz SCS at < 6 GHz, 1 MHz synch signal as in LTE would be enough. 

On the other hand, one very important design criteria is a high detection performance essential to support unlicensed operation and efficient cell search and measurements. Specifically, as there are no always on “CRS”-type reference signals to alleviate cell search and measurement, to enable efficient multi-beam support, NR synch signal should support very good detection performance with limited time allocation. Furthermore, in multi-beam configuration in order to reduce system overhead from synchronization signal beam sweeping the transmission of synchronization signal towards certain direction may need to have periodicity larger than e.g. 5 ms used in LTE in case of high number of beams to sweep in the cell. Reasoning is presented in Table 1 where tradeoff between system overhead and synch periodicity per beam direction is illustrated. It’s assumed that 60 kHz SCS is used, synch signal is transmitted in one symbol per beam direction and there are two parallel beams at BS (two TXRUs). Thus, e.g. if the beam is transmitted to certain direction every 20 ms, that would mean 4x higher detection performance than in LTE in order to fulfill the same requirements e.g. for cell search and identification.
Table 2 Tradeoff between system overhead and synch periodicity per beam direction
	Number of beams for full sector coverage
	System overhead (synch transmitted in one 60 kHz SCS symbol per direction and two parallel beams)
	Periodicity per beam direction

	
	Keep 5 ms periodicity per beam direction
	5 % fixed overhead
	Keep 5 ms periodicity per beam direction
	5 % fixed overhead

	56
	10 %
	5 %
	5 ms
	10 ms

	112
	20 %
	5 %
	5 ms
	20 ms

	224
	40 %
	5 %
	5 ms
	40 ms



As a summary, efficient beam sweeping in multi-beam operation require short synch transmission, beam sweeping operation itself may require periodicity for synch per beam direction to be reduced and correspondingly synch signal detection performance requirements may need to be higher than in LTE. 
Observation 2: Likely higher synch signal detection performance is required than in LTE for efficient cell search and measurements, for efficient unlicensed operation and efficient synchronization signal beam sweeping in multi-beam downlink configuration. These may increase bandwidth requirement for the synch signal.

Proposal 5: In synchronization signal design, detection performance criteria setting should take into account multi-beam characteristics and also consider unlicensed band operation.

3	Conclusions 
In this contribution bandwidth requirements for synchronization signals were discussed. The following observations and proposals are drawn:
Proposal 1: Separate synchronization and initial access design for eMBB/URLCC and mMTC services.
Proposal 2: Design NR synchronization signal(s) based on eMBB/URLLC requirements and consider possible narrowband mMTC design part of the forward compatibility.
Proposal 3: 5 MHz as minimum bandwidth at below 6 GHz.

Proposal 4: For 6-40 GHz carrier frequency range, consider in minimum 20 MHz or wider bandwidth.
Observation 1: There are different synchronization signal bandwidth requirements for different carrier frequency ranges.

Observation 2: Likely higher synch signal detection performance is required than in LTE for efficient cell search and measurements, for efficient unlicensed operation and efficient synchronization signal beam sweeping in multi-beam downlink configuration. These may increase bandwidth requirement for the synch signal.

Proposal 5: In synchronization signal design, detection performance criteria setting should take into account multi-beam characteristics and also consider unlicensed band operation. 
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