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1. Introduction
A new WI on extended 600 MHz NR band was approved in RAN#90e meeting with the following scope,
· Regulatory study of the frequency range around 600MHz in Region 3
· Co-existence study for the frequency range of 612-652/663-703 MHz such as with DTV (if needed)
· Study potential frequency arrangements and conclude the possible implications (such as insertion loss, transmitter and receiver characteristics for both BS and UE, system limitations such as channel bandwidths, etc.) of different duplex filter implementations. 
· Consider options B1 and B2 from AWG LS, but other options are not precluded. 
· Answer the request from AWG regarding the technical feasibility of option B1 and B2, respectively. Further options are not precluded and may be included in LS to AWG.
This contribution will discuss the 600MHz frequency arrangement with regard to B1/B2 options and give our proposals.
2. Discussion
2.1 Background
Spectrum below 1 GHz is expected to play a very important role to provide coverage for mobile broadband applications and is seen as a vital means of delivering high quality, wide area broadband services including in rural areas and deep inside buildings. As the utilisation of the 700MHz spectrum (specified as 3GPP Band n28) increases over time, it is desirable to look at additional spectrum that could be considered as a companion besides Band 28. AWG-26 has decided to undertake the study on developing frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangement. 2 options have been brought up for discussion and consultation for 3GPP’s view from industry point of view. In this regard, 3GPP set up the mentioned study item to progress 600MHz NR band for the industry.
Option B1
This option is based on an extension to band n71 and is shown in Fig 2.1-1 below:
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Figure 2.1-1: Harmonized band plan for 470-698 MHz band- Option B1
Option B2
This option uses two duplexers as shown in Fig 2.1-2 below and the duplex distance is 46 MHz as is the case with option A. Also the bottom duplexer is the same as that of option A (existing band n 71), with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer in option A but at the same time being able to handle the duplex gap of 6 MHz. The size of this upper duplexer needs to be studied and decided prior to being specified. It can be considered to have variable bandwidths ranging from 35 MHz to 10 MHz respectively. Like option B1, this arrangement B2 is also a reversed duplex arrangement.
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Figure 2.1-2: Option B2- two duplexers
2.2 Discussion
Several key factors need to be considered when deciding the optimal frequency arrangement for 600MHz band.
· Regulatory of the frequency range around 600MHz in Region 3
· Co-existence study for the frequency range of 612-652/663-703 MHz such as with DTV
· Harmonization with 3GPP band n28 and n71
· Spectrum utilization and impact to TV channels.

Regulatory aspects in China
In China, 470-566MHz and 606-698MHz were allocated for broadcast service on a primary basis. Radio Astronomy Service (RAR) was allocated on a co-primary basis as broadcast service. The channel bandwidth for broadcast system is 8MHz as shown in figure 2.2-1 for 606-698MHz range.
Table 2.2-1 Frequency allocation around 600MHz
	Frequency/MHz 
	Service 

	470-485 
	broadcasting 
SPACE OPERATION (space-to-Earth) 
SPACE RESEARCH (space-to-Earth) 
Fixed 
Mobile 
Radio location CHN17-1 
5.291 

	485-566 
	BROADCASTING 
Fixed 
Mobile 
Radio location CHN17-1

	566-606 
	Fixed 
Mobile 
RADIOLOCATION
RADIONAVIGATION 
CHN14 

	606-610 
	BROADCASTING
RADIOLOCATION
RADIONAVIGATION 
Fixed 
Mobile 
5.149 CHN12 

	610-614 
	BROADCASTING 
RADIO ASTRONOMY 
FIXED
MOBILE
5.149 CHN12 

	614-798 
	BROADCASTING 
FIXED
MOBILE


DS25----DS49
606MHz
806MHz
DS45
DS44
DS46
DS47
DS48
DS49
DS39
DS38
DS40
DS41
DS42
DS43
DS37
DS36
DS35
770
762
778
786
794
802
722
714
730
738
746
754
706
698
690
CH.
MHz

Figure 2.2-1: TV channel arrangement in China

Harmonization with existing 3GPP bands and implementation
3GPP band n71 was specified based on the US operator request as below, where the Tx-Rx is "reverse-duplex", e.g. the downlink band is located in lower frequency range than the uplink band. This arrangement is opposite to conventional duplex direction; however it provides the benefit of aligning the uplink band adjacent to that of 700 MHz bands thereby minimizing interference conditions at the 698 MHz boundary. 
[image: ]
Figure 2.2-2 Band 71 and possible duplexer architectures
It is seen that both option B1 and option B2 remain the same duplex direction as Band n71. Thus both options keep well harmonized with nearby 3GPP bands from co-existence point of view. 
Option B1 extended the frequency range on both end of Band 71 which leads to the change duplex distance compared to Band 71. This change is a disadvantage in terms of ecosystem with Band 71 since it needs different UE implementation to support operating on a different duplex distance. However B1 maintained the center GAP which is important for implementation. 
Option B2 maintain good ecosystem with Band 71. However it further decreased the centre GAP which may bring implementation challenge. But it can live with split duplexer design. 

Spectrum utilization and impact to TV channels
In China the TV channel band width is 8MHz. 
· With option B2 the lower edge is 617MHz. In this arrangement, DS channel#26 will be migrated and 3MHz spectrum will be unused. 
· With option B1, the lower edge is 612MHz. In this arrangement, DS channel#25 will be migrated and 6MHz spectrum will be unused.

Co-existence aspects
Since this band is a reverse duplex arrangement, the interference between this band and the nearby 700MHz band will not be a concern. 
In China, the main co-existence issue to be addressed is the interference between NR and TV broadcast. NR downlink signal may result in TV coverage shrinking or signal quality degradation as illustrated in scenario 1(a) and scenario 1(b) of figure 1. In scenario 1(a), the interferer mainly located at cell edge. While in figure 1(b) the interferer is in the same coverage as TV. By our understanding, the NR system will operate in the same coverage area as TV broadcast system. So scenario 1(b) will be the main concern. Some guard band is needed to mitigate the interference. But TV broadcast is a non-IMT system which is out of the scope of 3GPP. Maybe the best way is to leave the co-existence coordination to regional regulatory or intra-operator coordination.


                   
(a)                                                                     (b)
Figure 2.2-3 Interference scenarios between NR system and TV service
Another interference issue is between NR system and Radio Astronomy Service (RAS) operating in the frequency range 610-614MHz. RAS is a receive-only service that uses highly sensitive receivers to examine and study radio waves of cosmic origin. Usually large geographic separation is used to protect such service and there is no need to introduce additional emission requirement for the 600MHz BS transmitter.

2.3 Summary and proposal
Table 2.3-1: Comparison of B1 and B2
	
	B1
	B2

	Duplex direction
	Reverse duplex 
· Better suited for co-existence with Band n28 at upper edge and broadcasting at the lower edge.

	Reverse duplex 
· Better suited for co-existence with Band n28 at upper edge and broadcasting at the lower edge.


	Channel Bandwidth
	Up to 2x 40 MHz FDD spectrum.
	Up to 2x 40 MHz FDD spectrum.


	Duplex distance
	The duplex distance is changed to 51MHz. 
· Different from Band 71
· Impact the ecosystem with Band 71.

	The duplex distance is 46MHz. 
· The same as Band 71.
· Reuse ecosystem with Band 71.


	Carrier Bandwidths supported
	LTE bandwidths up to 20 MHz.
The support of larger NR carrier bandwidth (>20MHz) depends on the duplexer design and relative bandwidth. MSD is needed since the relative bandwidth all exceeds 3%.

	LTE bandwidths up to 20MHz.
The support of larger NR carrier bandwidth (>20MHz) depends on the duplexer design and relative bandwidth. MSD is needed since the relative bandwidth all exceeds 3%.

	Implementation aspects
	The frequency plan can support full band or split duplexer as is already the case for 3GPP band 28
· GAP size is maintained which is good for implementation.

	Further reduced GAP frequency will bring implementation challenges. However it can live with split duplexer implementation. 

	Impact to TV channels
	One more TV channel is impacted and will result in 6MHz spectrum unused at the lower edge.
	Less impact to Chinese TV channels. 3MHz spectrum unused at the lower edge.



Based on the above discussion, it is proposed to use option B2 as the starting point for 600MHz frequency arrangement. 
Proposal 1: It is proposed to use Option B2 as the starting point for 600MHz frequency arrangement.

Currently, the supported maximum carrier bandwidth in Band 71 is 20MHz. There is a market interest to deploy larger channel bandwidth in the extended 600MHz band. It is proposed to investigate supporting larger channel bandwidth for this band.
Proposal 2: It is proposed to investigate supporting larger carrier bandwidth (>25MHz) in the extended 600MHz NR band.
3. Conclusion
This paper discussed the 600MHz NR band and gave the following proposal.
Proposal 1: It is proposed to use Option B2 as the starting point for 600MHz frequency arrangement.
Proposal 2: It is proposed to investigate supporting larger carrier bandwidth (>25MHz) in the extended 600MHz NR band.
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