3GPP TSG-RAN WG4 Meeting #85
R4-1713273
Reno, NV, USA, November 27th ‒ December 1st, 2017
Source: 
Skyworks Solutions, Inc.
Title: 
NR FR1 RB Alignment Versus Reference SCS and its Impact to MPR
Agenda Item:
9.3.3
 Spectrum utilization 
[NR_newRAT]
Document for:
Approval
1. Introduction
In RAN4#84bis meeting, an agreement was reached on NR FR1 MPR for PC3 UE [3]. This agreement was based on several campaigns of extensive simulations and measurements reported over a few meetings. For these simulations, the resource allocation alignment was based on RAN1 rules and lowest valid SCS to obtain the largest possible guard bands, this alignment was captured in [1]. Separately in the BS session, the spectrum utilization numbers were re-discussed with regard to potential reduction by 1 RB due to use of different reference SCS or channel raster and, these discussions lead to a way forward [2]. In this contribution, we calculate the different resource alignments for various reference SCS and channel raster and discuss its impact to MPR results.
2. Discussion
2.1. RB Alignment Calculations
2.1.1. Agreed Spectrum Utilization

In Table 1, the currently agreed spectrum utilization from [1] is provided and is the basis for further calculations of guard bands. 
Table 1: Agreed Spectrum utilization for NR FR1
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135


2.1.2. Guard Band for UE MPR Simulations
The tentatively agreed UE PC3 NR FR1 MPR values from [3] are based on the resource alignment captured in [1] and are provided in Table 2 as the reference case for guard bands which meet MPR. This alignment is based on using the lowest valid SCS as a reference SCS.
Table 2: RB alignment and guard bands used for UE MPR simulations and measurements
	
	SCS [kHz]
	Channel bandwidths [MHz]

	
	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	RB alignment
	15
	RB0
	RB0
	RB0
	RB0
	RB0
	RB0
	RB0
	N.A
	N.A
	N.A

	
	30
	RB2
	RB2
	RB2
	RB2
	RB2
	RB2
	RB2
	RB0
	RB0
	RB0

	
	60
	N.A
	RB4
	RB4
	RB6
	RB4
	RB6
	RB6
	RB2
	RB2
	RB2

	Frequency

Shift from DC [KHz]
	15
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	NA
	NA
	NA

	
	30
	75
	-15
	75
	-15
	75
	-15
	-15
	-15
	-15
	-15

	
	60
	NA
	-30
	60
	150
	-120
	-30
	150
	-30
	150
	150

	Lower

Guard

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

	
	30
	595
	665
	735
	805
	875
	905
	1045
	825
	925
	845

	
	60
	N.A
	1010
	1080
	1510
	1220
	1610
	1750
	1530
	1630
	1550

	Upper

Guard

Band [kHz]
	15
	257.5
	327.5
	397.5
	467.5
	537.5
	567.5
	707.5
	N.A
	N.A
	N.A

	
	30
	445
	695
	585
	835
	725
	935
	1075
	855
	955
	875

	
	60
	N.A
	1070
	960
	1210
	1460
	1670
	1450
	1590
	1330
	1250


Observation 1: Smallest guard band is always for the lowest valid SCS.
2.1.3. Guard Band versus Reference SCS
In Table 3, the guard bands are calculated using the different SCS as reference SCS, in bold the cases that are the same which were used for MPR studies. Highlighted in yellow are minimum guard bands which are lower than those used for MPR evaluation, and in green are the lowest guard band already verified in the MPR evaluation.
Table 3: Frequency and guard bands used for UE MPR simulations and measurements

	
	
	SCS [kHz]
	Channel BW [MHz]

	
	
	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Ref SCS = 15kHz
	Frequency shift vs DC [kHz]
	15
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	NA
	NA
	NA

	
	
	30
	75
	-15
	75
	-15
	75
	-15
	-15
	NA
	NA
	NA

	
	
	60
	NA
	-30
	60
	150
	-120
	-30
	150
	NA
	NA
	NA

	
	Lower

Guard

Band [KHz]
	15
	242.5
	312.5
	382.5
	452.5
	522.5
	552.5
	692.5
	NA
	NA
	NA

	
	
	30
	595
	665
	735
	805
	875
	905
	1045
	NA
	NA
	NA

	
	
	60
	NA
	1010
	1080
	1510
	1220
	1610
	1750
	NA
	NA
	NA

	
	Upper

Guard

Band [kHz]
	15
	257.5
	327.5
	397.5
	467.5
	537.5
	567.5
	707.5
	NA
	NA
	NA

	
	
	30
	445
	695
	585
	835
	725
	935
	1075
	NA
	NA
	NA

	
	
	60
	NA
	1070
	960
	1210
	1460
	1670
	1450
	NA
	NA
	NA

	Ref SCS = 30kHz
	Frequency shift vs DC [kHz]
	15
	-15
	-15
	-15
	-15
	-15
	-15
	-15
	NA
	NA
	NA

	
	
	30
	-15
	-15
	-15
	-15
	-15
	-15
	-15
	-15
	-15
	-15

	
	
	60
	NA
	-30
	-30
	150
	-210
	-30
	150
	-30
	150
	150

	
	Lower

Guard

Band [KHz]
	15
	235
	305
	375
	445
	515
	545
	685
	NA
	NA
	NA

	
	
	30
	505
	665
	645
	805
	785
	905
	1045
	825
	925
	845

	
	
	60
	NA
	1010
	990
	1510
	1130
	1610
	1750
	1530
	1630
	1550

	
	Upper

Guard

Band [kHz]
	15
	265
	335
	405
	475
	545
	575
	715
	NA
	NA
	NA

	
	
	30
	535
	695
	675
	835
	815
	935
	1075
	855
	955
	875

	
	
	60
	NA
	1070
	1050
	1210
	1550
	1670
	1450
	1590
	1330
	1250

	Ref SCS = 60kHz
	Frequency shift vs DC [kHz]
	15
	NA
	-30
	-30
	-30
	-30
	-30
	-30
	NA
	NA
	NA

	
	
	30
	NA
	-30
	-30
	-30
	-30
	-30
	-30
	-30
	-30
	-30

	
	
	60
	NA
	-30
	-30
	-30
	-30
	-30
	-30
	-30
	-30
	-30

	
	Lower

Guard

Band [KHz]
	15
	NA
	350
	420
	490
	560
	590
	730
	NA
	NA
	NA

	
	
	30
	NA
	710
	690
	850
	830
	950
	1090
	870
	970
	890

	
	
	60
	NA
	1070
	1050
	1390
	1370
	1670
	1630
	1590
	1510
	1430

	
	Upper

Guard

Band [kHz]
	15
	NA
	290
	360
	430
	500
	530
	670
	NA
	NA
	NA

	
	
	30
	NA
	650
	630
	790
	770
	890
	1030
	810
	910
	830

	
	
	60
	NA
	1010
	990
	1330
	1310
	1610
	1570
	1530
	1450
	1370


Observation 2: Guard band versus reference SCS

· For 15kHz SCS, guard bands is always lowest when using highest valid SCS as reference.
· For 30kHz SCS, only a few cases (5/15/25MHz BW) have been verified with MPR evaluation. 
· For 60kHz SCS, there is only one case (25MHz BW) where the lowest guard band has not been verified by MPR evaluation.
2.1.4. Guard Band Reduction versus MPR Evaluation Cases
Table 3 provides the worst case guard band reduction compared to the MPR evaluation case. Cases highlighted in green means that MPR evaluation already used the work case guard band.
Table 3: worst case guard band reduction versus MPR evaluation
	SCS [kHz]
	Channel BW [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	7.5
	22.5
	22.5
	22.5
	22.5
	22.5
	22.5
	NA
	NA
	NA

	30
	0
	15
	0
	15
	0
	15
	15
	15
	15
	15

	60
	NA
	0
	0
	0
	90
	0
	0
	0
	0
	0


Observation 3:

· For 15kHz SCS, there is 1.5 SCS guard band reduction.
· For 30kHz SCS, there is only half a SCS guard band reduction.
· For 60kHz SCS, only one case sees 1.5 SCS guard band reduction.
2.2. Impact of Channel Raster

The above calculations are valid for a 100kHz channel raster, but there is a difference for SCS based raster. In [4], Band 41 uses SCS based raster but in general, “The raster positions will be integer multiples of 15kHz for sub-6GHz bands”. This means that worst case, any RB allocation can only be 7.5kHz away from the 100kHz raster when using SCS based raster. The implication is that the SCS based raster has either the same guard band symmetry or 7.5kHz better symmetry than the 100KHz based raster.

Observation 4:

· Guard band reduction from Table 3 is the worst case based on 100kHz raster.

· SCS based raster has the same or better guard band than 100kHz raster case.
2.3.  Impact to MPR and UE SU

As can be seen from the MPR margin plots in the annex for all SCS 5/20/100MHz channels, there is significant MPR margin at the edges of both outer and inner allocation types for the small RB allocations which could be concern and 1.5 SCS shift can be easily accommodated. It is to be noted that the larger SCS show even higher margin. As a result, we see no reason to reduce SU from a UE perspective and we suggest that MPR test based on RB alignment to the lowest valid SCS is a valid approach and the most representative one. It is impractical to consider simulating for all possible raster, reference SCS, channel BW, waveforms and even less practical to test for it.
Proposal: 

· MPR based on alignment to the lowest valid SCS is retained for MPR test.
· No reduction in SU is needed for FR1 NR UE.
3. Conclusion
This contribution provides the calculation of guard bands for all possible NR FR1 BW, SCS and reference SCS. It discusses the potential guard band reduction compared to the RB positioning that has been used to derive UE MPR. The following proposal is made.
Proposal: 

· MPR based on alignment to the lowest valid SCS is retained for MPR test.
· No reduction in SU is needed for FR1 NR UE.

This proposal is derived from the following observations.

Observation 1: Smallest guard band is always for the lowest valid SCS.
Observation 2: Guard band versus reference SCS

· For 15kHz SCS, guard bands is always lowest when using highest valid SCS as reference.

· For 30kHz SCS, only a few cases (5/15/25MHz BW) have been verified with MPR evaluation. 
· For 60kHz SCS, there is only one case (25MHz BW) where the lowest guard band has not been verified by MPR evaluation.
Observation 3:

· For 15kHz SCS, there is 1.5 SCS guard band reduction.

· For 30kHz SCS, there is only half a SCS guard band reduction.

· For 60kHz SCS, only one case sees 1.5 SCS guard band reduction.
Observation 4:

· Guard band reduction from Table 3 is the worst case based on 100kHz raster.

· SCS based raster has the same or better guard band than 100kHz raster case.
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Annex: MPR Margin Plots per SCS and BW
5MHz channel BW, 15kHz and 30kHz SCS, CP-OFDM and DFT-s-PFDM QPSK cases
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20MHz channel BW, 15kHz, 30kHz and 60kHz SCS, CP-OFDM and DFT-s-PFDM QPSK cases
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100MHz channel BW, 30kHz and 60kHz SCS, CP-OFDM and DFT-s-PFDM QPSK cases
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