[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting 92	R4-1909945
Ljubljana, Slovenia, 26th – 30th August 2019

Source: 	Skyworks Solutions, Inc.
Title: 	Inner RB Allocations Region 1 Extension for Power Class 3 Operation in FR2

Agenda Item:	9.13.9 Improvement of UE MPR [NR_RF_FR2_req_enh]
Document for:	Approval
Introduction
In RAN4#91, experimental measurements performed in Band n258 using 100 MHz channel bandwidth (CBW), SCS120 kHz QPSK modulation showed that on a small number of selected test points, the Release 15 Inner RB allocations Region 1 can be extended for PC3 operation in FR2 [1]. The reported measured data seemed to be in good agreement with simulated new MPR values due to OBW for PC3 operation [2]. This contribution proposes to extend Inner RB Allocations Region 1 for PC3 in CBW less or equal to 200 MHz.
Discussion
Release 15 PC3 MPR Requirements for FR2 operation
At RAN4#91, the following changes to the UE MPR for PC3 in FR2 have been agreed:
· Tables defining MPRWT have been modified and new equations have been agreed to clearly distinguish Inner RB allocations Region 1 from Edge RB allocations,
· The equations which specify the valid RB allocation ranges for RB allocations fulfilling the MPRnarrow requirements have been corrected to account for observations presented in [3].
These changes are summarized in Figure 1 below which summarizes the agreed MPR definition using 100 MHz CBW SCS 120kHz QPSK modulation PC3 operation in n258. The selected measurements test points of [1] are highlighted in grey cells as a reminder.
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Figure 1:FR2 agreed Edge RB allocations (denoted with letter “E”), Inner RB allocations Region 1 (denoted with symbol “R1”) and RB allocations fulfilling the MPRnarrow (denoted with letter “N”) criteria for the case of 100 MHz CBW, SCS 120 kHz, and QPSK modulation vs. RBstart on the x-axis is and LCRB on the y-axis. Black dot: DFT-S-OFDM test point, Circle: CP-OFDM test point.

Extending Inner RB Allocations Region 1 for PC3 UEs in CBW<= 200MHz
For each of the test points shown in Figure 1, the measured Power Amplifier back-off matches the allowed back-off corresponding to Inner RB Allocations Region 1. Yet, according to Release 15 requirements, these RB allocations are considered Edge RB allocations and therefore the UE transmit power is sub-optimal. Simulations in [2] present an exhaustive set of triangles in which similar observation can be made. Figure 2 below is an update of the Region 1 extension concept presented in [1] using the same example of PC3 UE operated in a 100 MHz CBW, SCS 120 kHz and QPSK modulation.

 “N”.
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[bookmark: _GoBack]Figure 2: New MPR concept for Inner RB allocations Region 1 using FR2 PC3 UE QPSK operation in a 100MHz CBW at SCS 120 kHz. The proposed new inner RB allocation Region 1 contour is highlighted in cells “N3” with black borders, the current inner RB allocation region 1 MPR contour is highlighted with dark green borders. The contours of the MPRnarrow region are unchanged and shown with red cells denoted

Observation 1: 
FR2 Inner RB allocations Region 1 for PC3 operation in CBW <= 200 MHz is sub-optimal. Region 1 can be extended.

For Release 16, we propose to adopt a new Inner RB Allocations Region 1 definition which corresponds the black highlighted contour and light green cells denoted “R1” shown in Figure 2 for the example of 100 MHz CBW SCS 120 kHz QPSK PC3 operation. The proposed scheme ensures a symmetrical gap is provided for any RB fulfilling the new Inner RB allocation Region 1 definition. For example, the case highlighted in Figure 2 shows that at LCRB =10 RB, the gap is symmetric and is 10RB wide. This new concept may bring significant benefits as the range of RB allocations benefiting from the Inner Allocation low MPR values is much wider than the current Release 15 requirements. Therefore, we make the following proposal:
Proposal 1: 
Approve the following changes to equations which specify the valid RB allocation ranges for RB allocations fulfilling Inner RB Allocations Region 1 for PC3 UEs in CBW <= 200 MHz. The changes for 400 MHz are FFS.
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where NRB is the maximum transmission bandwidth configuration defined in Table 5.3.2-1.
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Tables 6.2.2.3-1 and 6.2.2.3-2:
RBStart,Low = max(1, LCRB)
where max() indicates the largest value of all arguments.
RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if 
RBStart,Low  ≤  RBStart  ≤  RBStart,High, and
LCRB  ≤  ceil(NRB/3)
where ceil(x) is the smallest integer greater than or equal to x.
An RB allocation is an Edge allocation if it is NOT a Region 1 inner allocation.
Conclusions
In this contribution, we propose to extend the Inner RB Allocations Region 1 based on measurements in [1] and simulation data in [2] for PC3 UE operating in CBW <= 200 MHz. Changes for 400 MHz CBW are FFS.
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MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Tables 6.2.2.3-1 and 6.2.2.3-2:
RBStart,Low = max(1, LCRB)
where max() indicates the largest value of all arguments.
RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if 
RBStart,Low  ≤  RBStart  ≤  RBStart,High, and
LCRB  ≤  ceil(NRB/3)
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References
[bookmark: _Ref535326490][1]	R4-1907163, FR2 PC3 MPR PA Measurements for DFT-S-OFDM and CP-OFDM for Rel-16, Skyworks Solutions, Inc.
[2] R4-1903524, FR2 MPR due to OBW, Nokia, Nokia Shanghai Bell.
[3] R4-1907161, Overlapped MPRWT, MPRnarrow boundaries for FR2 PC3, Skyworks Solutions, Inc.


3GPP
image2.emf
66E

65EE

64EEE

63EEEE

62EEEEE

61EEEEEE

60EEEEEEE

59EEEEEEEE

58EEEEEEEEE

57EEEEEEEEEE

56EEEEEEEEEEE

55EEEEEEEEEEEE

54EEEEEEEEEEEEE

53EEEEEEEEEEEEEE

52EEEEEEEEEEEEEEE

51EEEEEEEEEEEEEEEE

50EEEEEEEEEEEEEEEEE

49EEEEEEEEEEEEEEEEEE

48EEEEEEEEEEEEEEEEEEE

47EEEEEEEEEEEEEEEEEEEE

46EEEEEEEEEEEEEEEEEEEEE

45EEEEEEEEEEEEEEEEEEEEEE

44EEEEEEEEEEEEEEEEEEEEEEE

43EEEEEEEEEEEEEEEEEEEEEEEE

42EEEEEEEEEEEEEEEEEEEEEEEEE

41EEEEEEEEEEEEEEEEEEEEEEEEEE

40EEEEEEEEEEEEEEEEEEEEEEEEEEE

39EEEEEEEEEEEEEEEEEEEEEEEEEEEE

38EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

37EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

36EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

35EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

34EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

33EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

32EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

31EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

30EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

29EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

28EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

27EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

26EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

25EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

24EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

23EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

22EEEEEEEEEEEEEEEEEEEEEER1EEEEEEEEEEEEEEEEEEEEEE

21EEEEEEEEEEEEEEEEEEEEER1R1R1R1EEEEEEEEEEEEEEEEEEEEE

20EEEEEEEEEEEEEEEEEEEER1R1R1R1R1R1R1EEEEEEEEEEEEEEEEEEEE

19EEEEEEEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEEEEEEE

18EEEEEEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEEEEEE

17EEEEEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEEEEE

16EEEEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEEEE

15EEEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEEE

14EEEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEEE

13EEEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEEE

12EEEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEEE

11EEEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEEE

10EEEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEEE

9EEEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEEE

8EEEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEEE

7EEEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEEE

6EEEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEEE

5EEEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEEE

4EEEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEEE

3EEER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EEE

2EER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1EE

1NNNNNNNNNNNNNNNNNNNNNNR1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1NNNNNNNNNNNNNNNNNNNNNN

0123456789

1011121314151617181920212223242526272829303132333435363738394041424344454647484950515253545556575859606162636465

LC

RB

RB

start

Rel-16 New Inner RB Allocations 

Region 1 MPR contour 

Rel-15 Inner RB allocations 

Region 1 MPR contour 

LC

RB

=10, 

gap = 10

LC

RB

=10, 

gap = 10

Rel-15 MPR

narrow

unchanged


image1.emf
66 E

65 E E

64 E E E

63 E E E E

62 E E E E E

61 E E E E E E

60 E E E E E E E

59 E E E E E E E E

58 E E E E E E E E E

57 E E E E E E E E E E

56 E E E E E E E E E E E

55 E E E E E E E E E E E E

54 E E E E E E E E E E E E E

53 E E E E E E E E E E E E E E

52 E E E E E E E E E E E E E E E

51 E E E E E E E E E E E E E E E E

50 E E E E E E E E E E E E E E E E E

49 E E E E E E E E E E E E E E E E E E

48 E E E E E E E E E E E E E E E E E E E

47 E E E E E E E E E E E E E E E E E E E E

46 E E E E E E E E E E E E E E E E E E E E E

45 E E E E E E E E E E E E E E E E E E E E E E

44 E E E E E E E E E E E E E E E E E E E E E E E

43 E E E E E E E E E E E E E E E E E E E E E E E E

42 E E E E E E E E E E E E E E E E E E E E E E E E E

41 E E E E E E E E E E E E E E E E E E E E E E E E E E

40 E E E E E E E E E E E E E E E E E E E E E E E E E E E

39 E E E E E E E E E E E E E E E E E E E E E E E E E E E E

38 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

37 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

36 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

35 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

34 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

33 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

32 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

31 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

30 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

29 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

28 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

27 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

26 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

25 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

24 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

23 E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E

22 E E E E E E E E E E E E E E E E E E E E E E



E E E E E E E E E E E E E E E E E E E E E E

21 E E E E E E E E E E E E E E E E E E E E E ER1R1E E E E E E E E E E E E E E E E E E E E E E

20 E E E E E E E E E E E E E E E E E E E E



ER1



R1E E E E E E E E E E E E E E E E E E E E E E

19 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

18 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

17 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

16 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

15 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

14 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

13 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

12 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

11 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

10 E E E E E E E E E EE E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

9 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

8 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

7 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

6 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

5 E E E E EE E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

4 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

3 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

2 E E E E E E E E E E E E E E E E E E E E E ER1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1E E E E E E E E E E E E E E E E E E E E E E

1 NNNNNNNNNNNNNNNNNNNNNR1



R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1R1NNNNNNNNNNNNNNNNNNNNNN

0123456789

1011121314151617181920212223242526272829303132333435363738394041424344454647484950515253545556575859606162636465

LC

RB

RB

start


