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Introduction
In the RAN#90 e-meeting a work item was agreed [1] upon to introduce an extended 600MHz FDD band that covers 2x40MHz for Asia, seeking to reuse band 71 definitions and hardware. In this contribution, we analyze the different duplexer options in light of the duplexer implementation of other FDD bands in the same frequency range like band 71 [2] and band 28/68 [3] and make alternative proposals for the support of envisaged 2x40MHz spectrum.
[bookmark: _GoBack]Discussion
Bands and Duplexer in the 600 MHz Range 
The extended 600 MHz band WI is looking into enabling the spectrum immediately below band 28, re-farming spectrum from Digital TV channels above channel 36. It should be noted that channel 37, in the U.S., although not used for DTV, is used by white space devices including wireless microphones and BS must protect DTV channels.
· Figure 1 illustrates:
· The current bands in the 600 MHz to 800MHz range and their regional footprint and the potential solutions for the duplexer definition of the extended 600 MHz, Digital TV channels are also shown
· The full and dual duplexer options described in the WI
· Alternative options using n71 as is with an additional band
· Table 1 compares the extended 600MHz (600+) options with the most demanding current bands from a duplexer technology point of view: band 71 and band 28
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Figure 1: Bands in the 600-800MHz range and extended 600MHz options
Table 1: Possible extended 600MHz full or split duplexer options and comparison with other low bands
	implementation
	Band
	BW
[MHz]
	Band
gap
[MHz]
	Duplexer
gap
[MHz]
	gap/
BW
	comment

	Full band duplexer
	n71
	35
	11
	11
	31%
	Full band duplexer available recently

	Dual duplexer
	n71
	25
	11
	21
	84%
	Early implementation and still used

	Full band duplexer
	n28
	45
	10
	10
	22%
	Not implemented

	Dual duplexer
	n28
	30
	10
	25
	83%
	Main implementation

	Full band duplexer
	600+
	40
	11
	11
	28%
	Most complex filter specification

	Dual duplexer
	600+
	35
	6
	11
	31%
	two duplexer but both challenging, critical band protection



Observations on current implementations illustrated in the top part of Figure 1:
· Duplexer complexity depends on one main parameter: the gap/BW ratio: The wider the BW and the smaller the gap, the higher the Q and the BW are required from the technology which is contradictory
· For this reason and as can be seen in Table 1:
· The current worst case is band 28 and best performance implementations still use dual duplexer approach which has relaxed demands on the technology and suits the particular frequency sub-ranges in the different regions
· Band 71, when introduced was based on dual duplexer too as seen in [2] as it had similar implementation challenges than band 28.
· Because band 71 was dedicated to North America only and dual duplexer limited the channel BW to 20 MHz [2], recently, full band duplexer has been introduced and thus constitutes the most challenging low band duplexer implementation today. It is to be noted that many solutions still use dual duplexers.

Observations on implementations proposed in the WI in the middle part of Figure 1:
· To claim economy of scale, these options rely on reuse of/for n71 and achieve 5MHz additional spectrum coverage
· Option 1: full 2x40MHz duplexer:
· This becomes even more challenging than band n71 and close to band 28 case. 
· As a result, reduced performance for the current n71 band and/or in the additional 5MHz spectrum should be expected
· Some extra cost will be needed for additional filter resonators to deal with the filter complexity
· From Figure 1 it can also be seen that the BS transmitter will have an overlap with DTV channel 37 (white space and wireless microphones) and only 4 MHz guard band to the channel 36. These may or may not apply in the regions where the extended 600MHz band is expected to be deployed. The upper 5 MHz would also overlap with band n85
· Similarly, the UE receiver and LO will have to be extended 5 MHz down
· Option 2: Dual 2x35MHz duplexer:
· Second duplexer duplexers is as challenging as band n71
· With 6 MHz gap between UL and DL each duplexer is even more challenging to achieve proper DL protection from UL noise and from saturation due to lower UL signal rejection
· Note that, compared to band 71 full duplexer, the dual duplexer approach will require extra switching provisions which will degrade losses (this was a benefit from moving from dual to single duplexer that would be canceled)
· As a result, reduced performance for the current n71 band and additional performance reduction for the extended 600MHz band should be expected
· Cost is more than double with the additional duplexer and switches and potentially more resonators being involved in each filter
· From BS prospective, the DTV band protection requirement is similar than band 71 but the 6MHz duplex distance may be challenging
· This option can reuse current UE receiver and LO bandwidths

As discussed above, both of the proposed implementations have significant challenges from a filter technology point of view and, although not impossible, they both result in degraded band n71 and/or poor extended 600MHz performance. In both case the additional cost is moderate to significant for only 5MHz additional spectrum. 

For the dual duplexer approach, the main issue is linked to the fact that both duplexer s are trying to achieve 35MHz coverage, making the solution 2x more complex and with a very small duplex gap. 

It also needs to be noted that, although covering 35MHz channel BW is discussed in the scope of band n71, it is only for the DL side (UL stays limited to 20MHz) and the number of operators and population covered by this 35MHz is very small. The actual population coverage and investment needed to cover just 5MHz extra compared to band n71 is also questionable.
Alternatives Using band n71 plus Band nX Approach
To alleviate the issues described above and to provide a solution for the additional 5MHz at a moderate cost/size increase, and even enable legacy band n71 UEs to operate in regions where the extended 600MHz is made available, alternative approaches using band n71 as-is with an additional band definition is preferable from a cost and speed of transition point of view. 

Some options for this band n71 + band nX approach are described in Figure 1 at the bottom and some related filter implementations are also discussed in Table 1.

Observations on alternative solutions using band n71 definition plus additional band :
· All these solutions are assuming band 71 filter as is plus an additional band nX filter with lower complexity and cost that covers the same spectrum than the full (options 3,4,6) or dual (option 5) duplexer approaches 
· All of these solutions are such that the BS can operate using a two band approach or can directly use the 600MHz extended spectrum
· All legacy UEs covering band n71can address the new demand from day one for 35 MHz
· Option 3: Band n71 + Band X using extended n28A UL + 5MHz SDL:
· From Table 1 it can be seen that this is an easy extension for band n28A duplexer that was already assumed for the support of band 68 [3], additionally the small SDL band can tri-plexed
· Although this enables only an additional 5MHz channel, it is a very simple and low cost addition that does not reduce any flexibility within the main 35MHz of band n71 
· For the BS addressing only 5MHz UL next to the potential DTV channels makes their protection easier, it can also be used for IoT deployments
· Option 4: Band n71 + Band X using band n85 UL + 5MHz SDL:
· This option has exactly the same attributes as Option 1 but uses a U.S. band filter that already covers the 5MHz UL and should be the mainstream replacement for n12
· Option 5: band n71 + FDD band nX with 6MHz gap between bands based on 5MHz shifted n71B duplexer
· Additional FDD band is low complexity and offers 20MHz overlap with band n71 but with moderate bandwidth and easy duplexing
· To avoid any impact to band n71 and its duplexer design the additional FDD band must accept a relaxed band protection level for the upper 5 MHz
· Option 6: band n71 + FDD band nX with 11MHz gap between bands
· Additional FDD band is low complexity and can offer some overlap with band n71 but with moderate bandwidth and easy duplexing
· BW of 20-25MHz seems a good starting point
· To accommodate the overlap, a different duplex distance is needed within n71, if nX is 20MHz BW (15MHz overlap) duplex distance in n71 becomes -31MHz versus -46MHz while BW becomes 20MHz so there is some trade-off between the BW of the additional band versus spectrum left for n71. Note that this may be addressed with some level of flexibility. This is anyhow true for the dual duplexer approach provided
· It is to be noted that option 3, 4 and 6 are compatible with a later implementation with a single 2x40MHz duplexer (option 1) once technology make it possible at reasonable extra cost and without impacting the legacy band n71 performance. 
· This is not the case for option 5 similar to option 2 with the very challenging 6MHz gap between bands (but can be managed with relaxed spec) but is able to reuse TRX RX and LO as is

Table 2 summarizes these additional to n71 band options with their filter implementation and pros and cons.
Table 2: n71 band addition options
	Option for additional band
	Additional band filter 
	Band nX UL [MHz]
	Band nX DL
[MHz]
	n71-nX
Gap
	Overlap with n71
	Comment

	Option 3
	n28A+ UL + SDL
	SUL 
698-703
	SDL
612-617
	11 MHz
	0 MHz
	+full reuse of n71
+ very small additional cost/size, easily feasible
-limited to 5MHz, need triplexer
-extends UE receiver and LO BW

	Option 4
	n85 UL +SDL 
	
	
	
	
	

	Option 5
	n71B with 5MHz shift
	FDD
632-657
	FDD
678-703
	6 MHz
	20 MHz
	+Full reuse of n71
+Easy addition, good channel BW and options together with n71 
-Band protection critical

	Option 6
	low complexity duplexer
	FDD
XX-703
	FDD
612-YY
	11 MHz
	15-20 MHz
	+Easy addition
-dependency between its BW and duplex operation in n71 – partial reuse of n71
-extends UE receiver and LO BW



At this time it is difficult to select one of these options and others or slight modifications should not be precluded but re-using band n71 band definition and duplexer and with an additional band is promising in terms of enabling immediate support of 2x35MHz and later support for the additional 5MHz. These options can anyhow be a stepping stone to a consolidated band in the future.

Proposal: 
· Alternative solutions using band n71 as-is plus an additional NR band are studied
· Additional band may reuse existing or extended band for filter implementations
· These options except option 5 do not preclude the use of a 2x40MHz duplexer once feasible without compromising the performance of band n71 while option 5 enables direct reuse of existing UE transceivers
· This approach enables immediate reuse of band n71 without impacting its performance and enables additional 5MHz of spectrum at reasonable additional size and cost.
Conclusions
In this contribution, we provide a high level study of different low band duplexer implementations relevant to the definition of solutions covering the extended 600MHz band. based on this study the following is proposed.

Proposal: 
· Alternative solutions using band n71 as-is plus an additional NR band are studied
· Additional band may reuse existing or extended band for filter implementations
· These options except option 5 do not preclude the use of a 2x40MHz duplexer once feasible without compromising the performance of band n71 while option 5 enables direct reuse of existing UE transceivers
· This approach enables immediate reuse of band n71 without impacting its performance and enables additional 5MHz of spectrum at reasonable additional size and cost.
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