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Discussion and Decision
1
Introduction
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 discuss about minimum system bandwidth for eMBB. The minimum system bandwidth defines framework e.g. for multiplexing options of synchronization signals and PBCH. The following agreements were reached in RAN1#86bis:
	Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz


2
On minimum system bandwidths 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, or in other words the transmission bandwidth containing NR-PSS/SSS/PBCH. 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. 
Todays LTE spesifcation supports transmission bandwidths of 1.4 and 3 MHz. However the LTE systems operation suffer from low efficiency on these transmission bandwidth configurations and are actually barely deployed in field. Accounting also the increased testing complexity related of supporting these additional bandwidth configurations, it would not seem efficient to unneccesarily extend the number of transmission bandwidth configurations. Enabling refarming of 5 MHz wide LTE or WCDMA deployments with NR is seen as one important aspect for future network upgrades. Thus, it is seen that 5 MHz as a minimum system bandwidth should be defined at least for lower end of < 6 GHz carrier frequency range, e.g. < 3.5 GHz. Furthermore as for these lower frequency bands, sub-carrier spacing of 15kHz could be considered to be used, it is seen that this minium system bandwidth could be applied generally for all sub-carrier spacings below <3.5GHz. For deployements between 3.5 and 6 GHz wider bandwidth allocations are expected. Also a this frequency range there can be need to support multi-beam operation to improve common control plane coverage as well. Thus, 20 MHz as minimum system bandwidth could be considered for the higher end of carrier frequency range below 6 GHz. 

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.5 GHz.

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 
For 6-40 GHz, available continuous spectrum is expected to be much wider than below 6 GHz and thus systems operating at higher carrier frequencies should be able to utilize much wider system bandwidths, in the order of hundreds of MHz or even few GHz. Minimum system bandwidth should much wider than below 6 GHz, i.e. 80 MHz. 
Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 80 MHz for 6-40 GHz carrier frequency range.
3
On requirements for synchronization signal detection performance

The NR system is to support multiplexing multiple numerologies within an NR carrier. 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: There are different synchronization signal bandwidth requirements for different carrier frequency ranges. 
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. Then, the synchronization signal is dimensioned based on default numerology requirements and additional synchronization signal is provided to the UE when it’s being configured (higher layer re-configuration assumed) a numerology with shorter CP than used in default numerology. The same would apply for PRACH as well, i.e. PRACH bandwidth would be defined according to timing accuracy requirement of default numerology of uplink. 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 likely need to support better detection performance with limited time allocation. As discussed and proposed in [4], cell measurents in idle and inactive-connected/connected states could be based largely on synchronization signals (and potentially on DMRS of NR-PBCH in addition). We further assume that UE would use SSS for RRM measurements of the detected cell. 

To illustrate the impact on synchronization signal design we calculate the resources used in LTE for measurements. In LTE UE measures every 200 ms measurement period CRS port for 5 subframes using 6 PRB bandwidth where each PRB has 8 resource elements per CRS port. Thus, there are 5x6x8 = 240 resource elements used for one measurement occasion, assuming UE performs measurement from one CRS port. To compare, assuming that LTE SSS with 62 resource elements is used per 200 ms again using 5 subframes where there is a synchronization signal there are 62x5 = 310 resources elements for one measurement occasion. Thus, from resource element allocation point of view there wouldn’t be need to increase synchronization signal bandwidth to get the number of resource elements into the same level as measurements from CRS port 0. This would also allow that synchronization signal periodicity could be 40 ms. 

Observation: Use of e.g. LTE secondary synchronization signal for RRM measurements instead of CRS port 0 does not require increasing the synchronization signal bandwidth as long as SSS is transmitted at least every 40 ms and UE is able to have 5 measurement samples within 200 ms period. 
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, for instance if the beam is transmitted to certain direction every 20 ms, that would mean higher detection performance is required than in LTE in order to fulfill the same requirements e.g. for cell search.
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. Also improved one-shot detection performance would be beneficial for unlicensed operation. 
Observation: Higher synch signal detection performance than in LTE would be beneficial for unlicensed operation and synchronization signal beam sweeping in multi-beam downlink configuration. These may increase bandwidth requirement for the synch signal.

Proposal: 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 we discussed about minimum system bandwidths for NR across different carrier frequency ranges as well as requirements related to synchronization signal design.
For the minimum system bandwidth discussion the following proposals were drawn:

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.5 GHz.

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 
Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 80 MHz for 6-40 GHz carrier frequency range.
For the requirements related to synchronization signal design the following observations and proposals were made:
Observation: There are different synchronization signal bandwidth requirements for different carrier frequency ranges.
Observation: Use of e.g. LTE secondary synchronization signal for RRM measurements instead of CRS port 0 does not require increasing the synchronization signal bandwidth as long as SSS is transmitted at least every 40 ms and UE is able to have 5 measurement samples within 200 ms period.

Observation: Higher synch signal detection performance than in LTE would be beneficial for unlicensed operation and synchronization signal beam sweeping in multi-beam downlink configuration. These may increase bandwidth requirement for the synch signal.
Proposal: 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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