3GPP TSG-RAN WG4 #101-e	R4-2119169
[bookmark: _Hlk495298459][bookmark: _Hlk40268029]e-Meeting, Nov 1 – 12, 2021

Agenda item:	8.16.2
Source: 	Qualcomm Incorporated
Title: 	60GHz channel bandwidths, channel raster, and CA
Document for:	Approval
Mandatory channel bandwidths
In RAN4 [1] these agreements were made
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An open question is which CCBWs are mandatory and which are optional. The WID specifies many types of UEs should be considered in the specification. The mandatory bandwidths can be chosen to allow the simplest types of UEs to operate. 
Lower capability UEs would employ narrower bandwidths to limit complexity and power consumption. The wider the minimum required bandwidth the more circuitry is needed in the transmit and receive chains, data conversions for uplink and downlink, and digital processing. 
FR2-1 has specified the UE support up to 200 MHz, with 400 MHz as optional. Considering the WID requires a wide scope of UE types, as we look at 120 kHz, SCS  choosing to make 400 MHz optional enables simpler devices for this SCS.
Proposal 1-1: For 120 SCS, CCBWs <= 200 MHz are mandatory. FFS whether 200 MHz is a supported CCBW.
Proposal 1-2: For 120 SCS CCBWs, 200 MHz is a supported CCBW.
For it 480 and 960 SCS we still want to enable minimum complexity devices under the CBW rules for those bands. We proposed to make 400 MHz mandatory for those SCSs, and the higher bandwidths optional.
A reasonable minimum bandwidth is 400 MHz support for all of the SCS. 
Proposal 1-3: For 480 and 960 SCS, 400 MHz is mandatory. Higher CCBWs are optional.

Channel alignment and channel raster
Channel raster
In RAN4 100-e main session Go To Webinar meeting this agreement was made
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For IEEE 802.11 ad/ay there are 6 channels defined. ad/ay channel centers are at:
· channel centers on 58.32 + (n-1) * 2.16 (units GHz)
We propose channels to cover the space, aligned to ad/ay by arranging the FR2-2 channels around the center of the ad/ay channels.
Proposal 2-1 Align FR2-2 channels within the ad/ay channels, with the FR2-2 channels arranged to be centered around the ad/ay channel centers.
For 100 MHz FR2-2 channels
· 100 MHz channels center at (57240 + (CH-1)*2160) + (N-0.5) * 100, N = 1:21, CH = 1:6
· Total of 126 channels
For 200 MHz FR2-2 channels
· 200 MHz channels center at (57240 + (CH-1)*2160) + (N – 0.5) * 200, N = 1:10, CH = 1:6
· Total of 60 channels
For 400 MHz FR2-2 channels
· 400 MHz channels constrain – center at (57240 + (CH-1)*2160) + (N-0.5) * 400, N = 1:5 , CH = 1:6
· Total of 30 channels
For 800 MHz FR2-2 channels
· 800 MHz channels constrain – center at (57240 + (CH-1)*2160) + (N-0.5) * 800, N = 1:2 , CH = 1:6
· Total of 12 channels
For 1200 MHz FR2-2 channels
· 1200 MHz channels constrain – center at (57240 + (CH-1)*2160) + (N-0.5) * 1200, N = 1, CH = 1:6
· Total of 6 channels
For 1600 MHz FR2-2 channels
· 1600 MHz channels center at (57240 + (CH-1)*2160) + (N-0.5) * 1600, N = 1, CH = 1:6
· Total of 6 channels
For 2000 MHz FR2-2 channels
· 2000 MHz channels center at (57240 + (CH-1)*2160) + (N-0.5) * 1600, N = 1, CH = 1:6
· Total of 6 channels

Carrier aggregation
Some companies’ concern for carrier aggregation is an excessive number of permutations. Further, supporting bandwidths beyond 2 GHz is technically challenging for the UE. The wide bandwidths result in antenna array gains on both the uplink and downlink vary significantly across the band. Considering this implementation challenge it would be useful to limit the maximum CA bandwidth. 
We can propose some CA rules to limit the permutations. Let’s look at the 120 SCS. Generally, the combinations can be described using some rules
· CA permutations are limited: CA carriers are filled left to right, with larger carrier on the left and smaller carriers on the right. This significantly reduces the number of possible CA permutations.
· Widest single carrier bandwidth is used where possible: For example, if the declared CA bandwidth is 500 MHz for a 120 SCS UE, it must use the 400 MHz as the left CCBW and 100 MHz for the right. If , for example, 400 MHz is an optional CCBW, the UE must declare it supports 400 MHz CCBW since it is also declaring 500 MHz CA BW support.
· Maximum CA bandwidth is 2000 MHz: FFS whether it is smaller for lower SCS .
· CA is defined as contiguous CA
· Maximum number of possible component carriers is 5: UEs can support fewer, but the upper limit for all SCS and CA bandwidth classes is 5.
 
Using these rules we can list the CA combinations. Note, this list is under the assumption that 200 Mhz is not an option for 120 SCS. We are not proposing to exclude 200 MHz, this is an example for illustration.
CA bandwidth combinations for 120 SCS
	Declared CA BW
	CA combinations
	Declared max CCBW

	200
	100 + 100
	100 or 400 Mhz

	300
	100 + 100 + 100
	100 or 400 MHz

	500
	400 + 100
	400 MHz

	600
	400 + 100 + 100
	400 MHz

	700
	400 + 100 + 100 + 100
	400 MHz

	800
	400 + 400
	400 MHz

	900
	400 + 400 + 100
	400 MHz

	1000
	400 + 400 + 100 + 100
	400 MHz

	1100
	400 + 400 + 100 + 100 + 100
	400 MHz

	1200
	400 + 400 + 400
	400 MHz

	1300
	400 + 400 + 400 + 100
	400 MHz

	1400
	400 + 400 + 400 + 100 + 100
	400 MHz

	1600
	400 + 400 + 400 + 400
	400 MHz

	1700
	400 + 400 + 400 + 400 + 100
	400 MHz



Note that there are only 14 CA bandwidth combinations. 
Observation: Only 14 CA bandwidth combinations are possible for the rules and conditions example for 120 kHz SCS.

For 480 SCS and 960 SCS we can add one more degree of freedom to add some flexibility to CA cases
· For 480 and 960 SCS, 100 MHz increments are allowed. 

CA bandwidth combinations for 480 and 960 SCS
	Declared CA BW
	CA combinations
	Declared max CCBW

	500
	400 + 100
	>= 800

	600
	400 + 200
	>= 800

	700
	400 + 300
	>= 800

	900
	800 + 100
	>= 1200

	1000
	800 + 200
	>= 1200

	1100
	800 + 300
	>= 1200

	1300
	1200 + 100
	>= 1600

	1400
	1200 + 200
	>= 1600

	1500
	1200 + 300
	>= 1600

	1700
	1600 + 100
	2000

	1800
	1600 + 200
	2000

	1900
	1600 + 300
	2000



Note that there are only 12 CA combinations for 480 and 960 SCS under the rules shown.
Observation: Only 12 CA bandwidth combinations are possible for the rules and conditions example for 480 and 960 kHz SCS.
These rules can be applied whether or not RAN4 decides to align the channel raster to IEEE.

Conclusions
Proposal 1-1: For 120 SCS, CCBWs <= 200 MHz are mandatory. FFS whether 200 MHz is a supported CCBW.
Proposal 1-2: For 120 SCS CCBWs, 200 MHz is a supported CCBW.
Proposal 1-3: For 480 and 960 SCS, 400 MHz is mandatory. Higher CCBWs are optional.
Proposal 2-1 Align FR2-2 channels within the ad/ay channels, with the FR2-2 channels arranged to be centered around the ad/ay channel centers.
Observation 2- 1 126, 60, 30, 12, 6, 6  channels for 100, 200, 499, 800, 1200, 1600, 2000 MHz respectively.
Proposal 3-1 CA rules
· CA permutations are limited: CA carriers are filled left to right, with larger carrier on the left and smaller carriers on the right. This significantly reduces the number of possible CA permutations.
· Widest single carrier bandwidth is used where possible: For example, if the declared CA bandwidth is 500 MHz for a 120 SCS UE, it must use the 400 MHz as the left CCBW and 100 MHz for the right. If , for example, 400 MHz is an optional CCBW, the UE must declare it supports 400 MHz CCBW since it is also declaring 500 MHz CA BW support.
· Maximum CA bandwidth is 2000 MHz: FFS whether it is smaller for lower SCS .
· CA is defined as contiguous CA
· Maximum number of possible component carriers is 5: UEs can support fewer, but the upper limit for all SCS and CA bandwidth classes is 5.
· For 480 and 960 kHz SCS, 100 MHz is allowed
· 
Observation 3-1: Only 14 CA bandwidth combinations are possible for the rules and conditions example for 120 kHz SCS.
Observation 3-2 : Only 12 CA bandwidth combinations are possible for the rules and conditions example for 480 and 960 kHz SCS.
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* Intermediate channel bandwidths between min and max agreements

o Integer multiples of the min CBW for each SCS

= 120 kHz: 100 MHz (min), 400 MHz (max)

= 480 kHz: 400 MHz (min), 800 MHz, 1600 MHz (max)

= 960 kHz: 400 MHz (min), 800 MHz, 1600 MHz, 2000 MHz (max)
o FFS whether 1200Mhz CBW is needed for 480KHz SCS and 960Khz SCS
o FFS whether 200MHz CBW is needed for 120KHz SCS
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o   Option 1C: No IEEE 802.11ad/ay alignment and floating channelization    o   Option 1D: Hybrid between IEEE and no IEEE alignment with fixed channelization depen ding on  max spectrum utilization and better coexistence   


