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Introduction
In RAN4#90b, there was a consensus that n46 band would be introduced to support NR-U in the 5 GHz unlicensed band. In this contribution we detail considerations to preserve low cost and low antenna count implementations as concurrency between 5 GHz and 6 GHz starts to be discussed. Bandwidth restriction impact on architectures, preference for Rx-Rx concurrency, and the importance of guard-band frequency offset restriction on the use case are discussed. The fact that UNII-4, part of n46 (equivalent of Band 47), is not used and could be used as a guard band to enable concurrent operation in 5 GHz and 6 GHz bands. It is proposed to add the study of such concurrent operation within Release 16 NR-U WI scope.
Discussion
5 GHz and 6 GHz Bands and Related Sub-bands
Table 1 reports the different bands and sub-bands designations for the 5150-5925 MHz and 5925-7125 MHz spectrum. It also provides the main application and/or technologies for each sub-bands.
Table 1: 5 GHz and 6 GHz Bands
	Designations
	Application
Technology
	Flow
[MHz]
	Fhigh
[MHz]
	BW
[MHz]

	FCC
	Wi-Fi
	3GPP
	
	
	
	

	UNII-1
	5GHz
Band
	46
	802.11n/ac/ax – LAA – NR-U
	5170
	5250
	80

	UNII-2A
	
	
	
	5250
	5350
	100

	UNII-2B
	
	
	Not used
	5350
	5470
	120

	UNII-2C
	
	
	802.11n/ac/ax – LAA – NR-U
	5470
	5725
	255

	UNII-3*
	
	
	
	5735
	5850
	115

	UNII-4
	
	46/47
	802.11p/LTE and NR- V2X**
	5850
	5925
	75

	UNII-5
	6GHz Band
	TBD
	Potentially
802.11ax – NR-U
	5925
	6425
	500

	UNII-6*
	
	TBD
	
	6425
	6525
	100

	UNII-7*
	
	TBD
	
	6525
	6875
	350

	UNII-8*
	
	TBD
	
	6875
	7125
	250


*Not used in part of the world notably EU

Observation 1: Current Wi-Fi/LAA wireless access deployments only cover 5150-5350 MHz and 5470-5850 MHz. 5850-5925 MHz (UNII-4/Band 47) is reserved for ITS/V2X while 5350-5470 MHz is blocked in a large number of countries. In some countries like Europe and Japan UNII-3 is not used on top of UNII-4.
[bookmark: _GoBack]In the worst case where only UNII-4 is not used, although a 75 MHz gap is not sufficient to enable the implementation of a diplexing filter, it provides enough frequency separation between the closest 80 MHz channels in UNII-3 and UNII-5 to only interfere with each other with their 5Th order intermodulation related spectral regrowth. With 20 MHz channels, worst case interference is related to 11th order intermodulation product. 

Depending on channelization in the 6 GHz band for wide channels, especially 160 MHz channel, it is possible to account for larger gaps as can be seen for the Wi-Fi channelization provided in annex, it can also be seen from there that a 20MHz guard band is used at the beginning of UNII-1 and UNII-5 which further increase the separation, such approach can be also in NR-U to provide larger overall guard band between UNII-3 and UNII-5 channels and manage out of band emissions.

Furthermore, if the UNII 1-3 and the UNII 5-8 spectrum are associated with different antennas that already exist within the implementation, further isolation will be feasible. It is to be noted that some UEs already support 2x2 DL&UL MIMO paths for 5 GHz Wi-Fi and thus a second receive and transmit chain is readily available. Similarly in countries that do not use UNII-3, a total of 190 MHz guard-band is available.

In both cases, concurrent operation in 5 GHz and 6 GHz band is feasible for multiple scenarios if UNII-4 is used as guard band with potentially more options if separate antennas are used. 
Concurrent Operations
Table 2 summarizes which operations would be feasible concurrently at a high level, assuming UNII-4 as a guard band. Note that using UNII-4 as guard band to enable concurrent Wi-Fi 5 GHz with Wi-Fi 6 GHz is already discussed for 802.11ax (last row of Table 2) at least on the access point side.
Table 2: Concurrent operations between 5170-5850 MHz and > 5925 MHz spectrum
	Concurrent Scenario
	UNII-1 to UNII-3
(5170-5850 MHz)
	UNII-5 and above
(> 5925 MHz)

	LAA/eLAA – NR-U 
	LAA/eLAA or NR-U
	NR-U

	Wi-Fi – LAA/eLAA
	LAA/eLAA
	802.11ax

	Wi-Fi – NR-U
	802.11n/ac/ax
	NR-U

	
	NR-U
	802.11ax

	Wi-Fi – Wi-Fi
	802.11n/ac/ax
	802.11ax



Still some restrictions may apply in terms of respective channel BW and positions on each side of the UNII-4 gap, and the use of separate antennas with LP/HP filters or not. Concurrent operation in 5 GHz and 6 GHz band should focus on simultaneous Rx/Rx, as the bandwidth support and hardware implementation are more easily achieved in cost-effective solutions. Simultaneous Tx/Tx (spurious emissions) and Tx/Rx (MSD) require further study and may impose expensive and/or lossy solutions for concurrent LAA/NR-U in UNII-3 and NR-U in UNII-5. This is the worst case gap and the other cases will benefit from at least a 190 MHz gap (UNII-3+UNII-2C). 
Observation 2: 
· Concurrency considerations between 5 GHz and 6 GHz bands should build on available Wi-Fi hardware and guard-band frequency available to simplify the coexistence challenges and manage cost.
· Using UNII-4 (5850-5925 MHz) as a guard band enables some concurrent use cases for LAA/NR-U in 5 GHz and 6 GHz bands. Use of separate antennas optionally available from Wi-Fi 2x2 DL&UL MIMO further enhances these use cases. Wider guard-bands are feasible in some part of the world
· Options being studied for Wi-Fi/Wi-Fi concurrent operation should also be considered
UE Supported Bandwidth in Rx and Tx
One other consideration is whether the entire spectrum from 5150 to 7125 MHz can be supported using a single Rx or TX path. Table 3 provides a few numbers for relative bandwidths.
Table 3: Relative bandwidth for NR reference band and possible NR-U band definitions.
	
	n77
	n78
	n46+[n87]
	n46+UNII-5
	n46
	n46-n47
	[n87]
	UNII-5

	Parameter
	WC NR
	NR
	UNII-
1 to 8
	UNII-
1 to 5
	UNII-
1 to 4
	UNII-
1 to 3
	UNII-
5 to 8
	UNII-5

	Flow [MHz]
	3300
	3300
	5150
	5150
	5150
	5150
	5925
	5925

	Fhigh [MHz]
	4200
	3800
	7125
	6425
	5925
	5850
	7125
	6425

	%BW
	24%
	14%
	32%
	22%
	14%
	13%
	18%
	8%



Observation:
· Entire 5 GHz + 6 GHz spectrum is 32% fractional BW far exceeding the NR current worst case at 24% (n77) which lead to create n78 subset to avoid performance impact.
· Separate n46 and n87 (UNII-5 to 8) have more reasonable bandwidths <20%, and will better enable conformance definition for separate Tx paths due to PA BW restriction.
· Covering n46+UNII-5 is reasonable with 22% bandwidth which is comparable to n77

Based on experience gained in both Wi-Fi and n77 implementations, it seems feasible to cover the entire UNII-1 to UNII-8 (5150 - 7125 MHz) range in DL if some relaxation from n46 REFSENS is allowed. However, in UL, the PA performance (output power capability, linearity and efficiency across the band) would be severely be affected if the entire 32% fractional BW had to be supported. Using one PA for UNII-1 to 3 (13% fractional BW) and one PA for UNII-5 to 8 (18%) is the only way to cover the entire 5 GHz and 6 GHz. This further advocates for the feasibility of concurrent 5 GHz and 6 GHz support since separate paths are anyhow needed. However, covering n46+UNII-5 only is possible with some relaxations similar to the ones agreed for n77.

Observation: 
· If addressing the entire 5150-7125 MHz spectrum might be feasible in receive, two separate transmit paths are needed to address 5 GHz and 6 GHZ spectrum separately.
· Using one transmit/receive path for 5150-5850 MHz and another for 5925-7125 MHz is feasible and compatible with concurrent operation in the two bands.
· If the frequency range is limited to 5150-6425 MHz (n46+UNII-5) a single transmit path is feasible.
How to Support in Band Definition
For the > 5925 MHz new spectrum, a new band (possibly n87) should cover the US and EU spectrum and distinction may be provided case by case by calling for a restricted frequency range. 

Given the fact that Band 46 is already defined, it would not be wise to define a new band for NR-U that would cover the UNII-1 to UNII-3 subset, and then have combinations for two sets of overlapping bands (like for n77/n78). Still, with only n46 defined, the only thing that would be required is that a NR-U UE that needs to use UNII-4 as a guard band to enable a given combinations, is only tested for the 5850 to 5925 MHz range. This is similar to some of the combinations using Band 28 or 41 or Band n78/n77 where only a subset of the spectrum is valid in some region. Note also that this may also apply to cases like n79 with n46 (150 MHz guard-band) where concurrent operation may be restricted in terms of channel BW and positions.

Observations:
· Band [n87] could be introduced to cover new spectrum available above 5925 MHz (UNII-5 to UNII-8: 5925-7125 MHz).
· Band n46 is introduced for NR-U but options enabling that UNII-4 (5850-5925 MHz) is not supported as an UE capability to enable concurrent operation between 5150-5850 MHz and >5925 MHz is studied in the scope of NR-U Release 16 WI. Restricted frequency range support could be specifically spelled out in some combinations.
· Conditions and requirements are at least studied for concurrent Rx/Rx between 5150-5850 MHz and >5925 MHz frequency ranges for LAA/NR-U and NR-U/NR-U in the scope of NR-U Release 16 WI. 
· Other concurrency modes are FFS, considerations to simplify any support for Tx/Tx and Tx/Rx should include the use of UNII-4 as guard-band, the possibility to use separate available antennas and add restrictions on channels at band edges as already used in Wi-Fi.
· Applicability to NR-U/Wi-Fi concurrent operation is FFS.
Conclusions
In this contribution we discussed the fact that UNII-4 sub-band is reserved for ITS use and does not see any LAA or Wi-Fi deployment. As such it can be used as a guard band between 5150-5850 MHz and > 5925 MHz to enable concurrent operation of NR-U with either LAA/NR-U or Wi-Fi. We thus make the following observations for the Release 16 NR-U WI scope and NR-U band definition.

Observations:
· Band [n87] could be introduced to cover new spectrum available above 5925 MHz (UNII-5 to UNII-8: 5925-7125 MHz).
· Band n46 is introduced for NR-U but options enabling that UNII-4 (5850-5925 MHz) is not supported as an UE capability to enable concurrent operation between 5150-5850 MHz and >5925 MHz is studied in the scope of NR-U Release 16 WI. Restricted frequency range support could be specifically spelled out in some combinations.
· Conditions and requirements are at least studied for concurrent Rx/Rx between 5150-5850 MHz and >5925 MHz frequency ranges for LAA/NR-U and NR-U/NR-U in the scope of NR-U Release 16 WI. 
· Other concurrency modes are FFS, considerations to simplify any support for Tx/Tx and Tx/Rx should include the use of UNII-4 as guard-band, the possibility to use separate available antennas and add restrictions on channels at band edges as already used in Wi-Fi.
· Applicability to NR-U/Wi-Fi concurrent operation is FFS.
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Annexe: Wi-Fi Channelization in 5GHz Band (UNII1-4) and Potential Channelization in 6GHz Band (UNII5-8)
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