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Ad-hoc agreement related to Topic 2
This section is capturing the agreements made under Topic #2 of the moderator summary in R4-2302837 in the ad-hoc Monday at RAN4#106.
Sub-topic 2-1: IBE 
Sub-topic description:
This sub-topic relates to Proposal 1 of R4-2301514 and Proposal 5 in R4-2302648. Here it is proposed to consider the excess band as a part of the allocated UL transmission bandwidth for IBE for pi/2 BPSK. In other word the IBE mask is unchanged. During the ad-hoc this proposal were extended to the agreement below.
 Agreement:
	From an IBE point of view RAN4 will consider the extended UL transmission, at least for QPSK, as assumption for the simulations.

Definitions
‘Allocation’ refers to the total contiguous set of RBs over which the UE is allowed to transmit. Allocation includes any bandwidth extension.
For this document, allocation is assumed to comprise ‘M’ sub-carriers.-F/2
+F/2
k=M-1
k=0
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Sub-carrier







FDSS using FIR filter described in the time domain
Time domain impulse response specified as [a b c d ….]
Step 1: Zero-padding: construct extended impulse response so its length matches number of allocated sub-carriers ‘M’ (includes any BWE):
Ext_IR=[a b c d 0 0……]; 
Step 2: Determine frequency domain representation of filter:
FD_IR = fft (Ext_IR) over ‘M’ points, assumed over [0, 2) domain 
Step 3: Determine filter mask from frequency domain representation of filter:
FMask(k)=fftshift (FD_IR). i.e. rotate FD_IR appropriately so it is represented over  [-,) domain.
k  [0, M-1]
Step 4: Apply filter to frequency domain tones after normalization:
normFMask(0) applies to lowest allocated sub-carrier, normFMask(M-1) applies to highest allocated sub-carrier.

FDSS using truncated RRC filter (tRRC)
Filter mask is represented as [p q]
‘p’ is the roll-off factor used for a raised cosine filter, nominally set to 0.5. Other values of ‘p’ not precluded, provided p.M  Z (set of integers).
‘q’ is a stretch factor that causes lateral shift of band edge roll-off.
Step 1: ensure q is chosen so:
[bookmark: _Hlk128431439]	0 ≤ q ≤ 1
	p.(1-q) ≤ 0.5
	p.q.M  Z (set of integers)
Note: When choosing the p and q values a sanity check should be performed to ensure there is no discontinuity in the resulting filter envelope. 
Step 2: calculate number of affected subcarriers at each edge:
k_hat = p.(1-q).M
Step 3: Initialize raised cosine filter to default value (i.e. value not impacted by roll-off near edges):
	FMask_RC=1 for all SC = 0, 1, 2, 3…. M-1, where ‘M’ is the number of allocated sub-carriers. 
Step 4: Identify all sub-carriers that have amplitude roll-off: 
deltaSC = [0, 1, 2, 3….(k_hat-1)]


Step 5: determine amplitude roll-off for those sub-carriers:


Step 6: construct RRC filter from RC filter:
Fmask_RRC(k) = sqrt(Fmask_RC(k)), where k  [0, M-1]
Step 7: Apply filter to frequency domain tones after normalization:
normFMask_RRC(0) applies to lowest allocated sub-carrier, normFMask_RRC(M-1) applies to highest allocated sub-carrier.


PUSCH tone replication for FDSS + BWE(1-α)F
Original data tones
k=M-1
k=0
Allocation
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Baselien option:
Symmetric extension
Step 1: Start with original data-tones in pre IFFT frequency domain.
Step2: Identify integer number of RBs at each edge of original data RBs, based on allocation factor ‘α’.






Step 3: Cyclically extend frequency domain tones as shown.
Step 4: Apply FDSS (see sections 2 and 3).







[image: ]Optional Alternative:
Cyclic shift + symmetric extension 
[bookmark: _Ref113974060]
The definition for the parameters in the figure are below.
·  is the IFFT size of the OFDM modulation.
·  is the number of modulation constellation symbol.
·  is the total number of OFDM subcarriers. 
·  is the number of subcarriers used for SE, that we refer also as the size of SE.
·  is a Fourier coefficient shift parameter.


Examples of FDSS using procedures from sections 3 and 4

[image: Chart, line chart

Description automatically generated]Time domain FIR: [0.3 1.0 0.3]
tRRC [0.5 0.0952]
Original Data RBs = 12
Extension = 1 RB each side
Allocated RBs = 14
(SCs numbered 1 to 168 in figure) 







[image: ]
Time domain FIR: [0.1 1.0 0.1]
tRRC [0.5 0.5]
Original Data RBs = 12
Extension = 1 RB each side 
Allocated RBs = 14
(SCs numbered 1 to 168 in figure)









 


Assumptions for PA and other impairments
· PA model calibration
· DFT-s-OFDM QPSK 20MHz
· 100RB0  
· 4dB post PA loss
· 1dB MPR

· Carrier Leakage: 28dBc

· IQ Image: 28dBc

· EVM
· [bookmark: _Hlk128647708][bookmark: _Hlk128647764]For the purpose of simulation alignment EVM is gated at 17.5% this does not preclude companies to bring other results based on other gating factors but this shall be clearly noted. 

· For a PC3 PA the calibration point is 30dB ACLR and for a PC2 PA the calibration point is 31dB ACLR

· For the purpose of simulation alignment and comparable results the reference power class is PC3. These results targeted at comparing proposed schemes for MPR reduction. This does not preclude companies to provide results with PC2, but this shall be clearly noted. Any potential power boosting identified shall be considered for both PC2 and PC3.
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