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	Introduction 
RAN4#AH-1801 meeting in this January made the following agreements for the guardband in mixed numerology case [1] [2]:

· The guard band at the carrier edge for mixed numerology is determined based on the SCS next to the edge of the carrier.
· SU for the largest supported CBW for a SCS will be used to determine the guard band at the carrier edge if the channel BW is larger than that can be supported by this allocated SCS. 

In this contribution we discuss and calculate the minimum guardband of SCS 60 kHz in mixed numerology case when the BS channel BW is 400 MHz (FR2) based on the agreements above in section 2, and in section 3 we discuss and propose necessary texts for section 5.3.3 of TS38.104 to clarify which channel BW should be used when the BS allocates PRBs for an edge UE in mixed numerology case.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Minimum guardband for SCS 60 kHz @ CHBW 400MHz
In the draft version of RAN4 NR TS38.104 [3] the maximum CBW for FR2 is 400MHz. Due to the limitation of FFT size, maximum 200MHz is supported for SCS 60 kHz for FR2. For the channel BW 400 MHz with mixed numerology, channel BW 400 MHz is larger than that can be supported by SCS 60 kHz, then according to the agreement above the spectrum utilization of the channel BW 200MHz@SCS 60kHz combination, i.e. 95.04%, will be used to determine the minimum guardband of SCS 60 kHz at the 400 MHz carrier edge in mixed numerology case. Let’s take a look of the maximum transmission bandwidth configuration Table 5.3.2-2 below from [3] for FR2. The SU of SCS 120 kHz keeps constant as 95.04% from channel BWs 100 MHz to 400 MHz, and the SU of SCS 60 kHz keeps constant as 95.04% from channel BWs 50 MHz to 200 MHz as Figure 1 shows. We could expect that the SU of channel BW 400 MHz and SCS 60 kHz combination will be at the level of 95.04% as well assuming no FFT size limitation. So the agreements above are reasonable. Denoting the spectrum utilization of the highest channel bandwidth that the SCS supports as SUlargestBW, the minimum guardband for a larger BS channel bandwidth (denoted as CBW) is calculated as: 
Minimum guardband (kHz) = ½ * CBW * 1000 * (1 - SUlargestBW)
So the minimum guardband of SCS 60 kHz for 400 MHz BS channel BW will be 9920 kHz (i.e. ½ * 400 * 1000 * (1 – 95.04%)) in mixed numerology case. 
Table 5.3.2-2: Maximum transmission bandwidth configuration NRB for FR2 [3]
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264
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Figure 1: SU (%) vs. channel bandwidth in FR2
Proposal 1: In mixed numerology case, the minimum guardband of SCS 60 kHz for 400 MHz BS channel BW in FR2 will be 9920 kHz , i.e. ½ * 400 * 1000 (kHz) * (1 – 95.04%), where 95.04 % is the spectrum utilization of SCS 60 kHz for the largest supported channel BW 200 MHz.
Clarification needed for minimum guardband in mixed numerology case in TS38.104
In section 5.3.3 of TS38.104 [3] it’s stated that:  
In the case that multiple numerologies are multiplexed in the same symbol, the minimum guardband on each side of the carrier is the guardband applied at the configured BS channel bandwidth for the numerology that is transmitted/received immediately adjacent to the guard band.
[image: C:\Users\gaoyh\AppData\Local\Temp\ksohtml\wpsF521.tmp.jpg] 
Figure 5.3.3-2 Guard band definition when transmitting multiple numerologies [5] [3]
[bookmark: _GoBack]We think for Figure 5.3.3-2 it’s necessary to add some texts to clarify which channel BW should be used when the BS allocates PRBs for an edge UE in mixed numerology case since for FR1 the minimum guardbands of SCSs 30 kHz and 60 kHz do not monotonically increase as Table 5.3.3-1 (reproduced from [3]) and Figure 2 show below. Let’s take BS channel BW 100MHz as an example to explain what should be exactly clarified. Let’s assume that in Figure 5.3.3-2 BS configure numerology X as left BWP (denoted as BWPleft) with SCS 30 kHz@BW 50MHz, and configure numerology Y as right BWP (denoted as BWPright) with SCS 60 kHz@BW 50MHz. According to [3] and [5] from BS perspective the minimum guardband at the left edge is 845 kHz (i.e. BS uses BS CBW 100 MHz to determine the minimum guardband), and the minimum guardband at the right edge is 1370 kHz (i.e. BS uses BS CBW 100MHz to determine the minimum guardband). Assume that BWPleft serves an edge UEleft (assuming BS configures the edge UEleft to support 50MHz channel BW) and BWPright serves an edge UEright (assuming BS configures the edge UEright to support 50MHz channel BW). UEleft will receive the PRB allocation information from the BS. From UEleft’s perspective it should fulfil the minimum guardband 1045kHz of SCS 30kHz@UE BW 50MHz combination [4]. So when the BS allocates PRBs for UEleft, actually the most left RB of BWPleft could not be used in order to meet UEleft’s minimum guardband requirement 1045kHz with UEleft’s channel BW 50MHz. This means that the BS must use the minimum guardband table with UEleft’s channel BW 50MHz in TS38.101-1 when it allocates PRBs for UEleft instead of using the minimum guardband with full BS channel BW 100 MHz in Table 5.3.3-1 in TS38.104. This should be clarified in section 5.3.3 in TS38.104. Here’s our proposal:
Proposal 2: Adding the following sentence just above Figure 5.3.3-2 in section 5.3.3 of TS38.104 to clarify which channel BW should be used when the BS allocates PRBs for an edge UE in mixed numerology case:  
‘In Figure 5.3.3-2 ‘the guardband defined for numerology X or Y when transmitted across full BS channel BW’ is from BS perspective. From UE perspective when BS allocates PRBs for an edge UE with numerology X or Y, the BS must use the minimum guardband with the edge UE channel BW configured by the BS to ensure that the edge UE could fulfil all TX/RX requirements’. 
Table 5.3.3-1: Minimum Guardband [kHz] (FR1) [3]
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	[592.5]
	552.5
	692.5
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	505
	665
	645
	805
	785
	[945]
	905
	1045
	825
	[965]
	925
	[885]
	845

	60
	N.A
	1010
	990
	1330
	1310
	[1290]
	1610
	1570
	1530
	[1490]
	1450
	[1410]
	1370
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Figure 2: Minimum guardbands vs. channel BWs in FR1 in [3]
Conclusions

Based on the discussions in this contribution, we have the following proposals:
Proposal 1: In mixed numerology case, the minimum guardband of SCS 60 kHz for 400 MHz BS channel BW in FR2 will be 9920 kHz , i.e. ½ * 400 * 1000 (kHz) * (1 – 95.04%), where 95.04 % is the spectrum utilization of SCS 60 kHz for the largest supported channel BW 200 MHz.
Proposal 2: Adding the following sentence just above Figure 5.3.3-2 in section 5.3.3 of TS38.104 to clarify which channel BW should be used when the BS allocates PRBs for an edge UE in mixed numerology case: 
‘In Figure 5.3.3-2 ‘the guardband defined for numerology X or Y when transmitted across full BS channel BW’ is from BS perspective. From UE perspective when BS allocates PRBs for an edge UE with numerology X or Y, the BS must use the minimum guardband with the edge UE channel BW configured by the BS to ensure that the edge UE could fulfil all TX/RX requirements’. 
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