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1 Introduction
Work plan for NR UE and BS RF was agreed in last RAN4 meeting, in which the band agnostic RF requirements shall be finished by June RAN4 AH meeting. The BS in-band requirements have been discussed extensively from the SI stage, and the aspects to define the requirements are much clear. This contribution provides the proposed BS in-band requirements for both DL and UL. 
2 Discussion

2.1 DL in-band requirement
2.1.1 Core requirement

According to the way forward on in-band requirements for NR in [1], the following aspects should be considered in defining the DL in-band requirement.
· For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs

· For mixed numerology case define both average BS Tx EVM requirements over all the PRBs of a given numerology and over 1 PRB for the edge PRBs

· Consider reducing the number of test cases and testing in first phase NR specification development by defining only EVM based requirements for BS Tx in-band requirements with the mixed numerology case
· Define the receiver assumptions for validating the requirements as Tx EVM measurement depends on the implementation of the receiver used for the measurement

· Tx and Rx complexity should be taken into account

It was also agreed that: 
In the first phase, two different numerologies within one carrier are assumed to define in-band requirements

· Sub-block 1 with 15kHz subcarrier spacing

· Sub-block 2 with 60kHz subcarrier spacing

Based on the above agreements, in order to reduce the test burden and simplify the specification, only EVM is considered for the DL in-band requirement for the first phase NR specification. To reflect the character of mixed numerology, both the average EVM for the sub-block with one numerology and 1 RB for the edge PRBs need to be considered. 
As analyzed in [3], the EVM requirement over all the PRBs and over 1 PRB for the edge PRBs can be defined, and since the EVM for the carrier edge PRB is already tested in single numerology, there is no need to duplicate the test for the carrier edge RB for mixed numerology. However, the two RBs around the boundary of two numerologies need to be verified. The EVM requirement to be defined for mixed numerology case is illustrated in Figure 1.
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Figure 1 EVM for mixed numerologies

For two numerologies in sub-block 1 and sub-block 2 in a carrier respectively, both average EVM over the sub-block and the edge EVM should be defined. 
For all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks for single numerology and for two sub-blocks of each carrier over all allocated resource blocks in the sub-block for mixed numerologies. For mixed numerologies, the EVM measurement shall also be performed for the RB around the boundary between the two numerologies. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each NR carrier for different modulation schemes on PDSCH shall be better than the limits in table 1 for below 6GHz:

Table 1: EVM requirements

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	[17.5 %]

	16QAM
	[12.5 %]

	64QAM
	[8 %]

	256QAM
	[3.5 %]


For below 6GHz, we have an agreement in RAN4 that the existing requirements should be reused for NR as much as possible. The EVM values for different modulation schemes in Table 1 are derived based on system performance and implementation capability. It is expected that values will not be changed for NR below 6GHz. Once these values are confirmed and decided in RAN4, the EVM requirement for mixed numerologies can be finished as well. 
2.1.2 Measurement consideration

With the EVM requirement specified for the mixed numerologies, the next step is to consider how to test the EVM requirement. If we look at the E-UTRA EVM requirement, we can see that the measure depends on specific test configurations. The following aspects should be considered in generating the test configuration for EVM requirement in mixed numerologies scenario.

Beam character

If two sub-blocks with different numerologies are located in different beams (i.e. beam1 and beam2), the mutual interference between numerologies is significantly suppressed by spatial separation, so that both EVM performance at transmitter and throughput performance at receiver for any working SNR range are less impacted even with zero guard band as if there is no inter-numerology interference. Otherwise if two sub-blocks are scheduled within the same beam, a big guard band may be required especially for high SNR working range. If beam character needs to be considered in the measurement, to reduce the measurement complexity, as suggested in [4], it could assume both numerologies being transmitted or received in the same direction. However, we should keep it in our mind that this assumption is just used for the measurement, and it doesn’t represent the typical configuration in the real network.
Power imbalance

For mixed numerology scenario, the PSD could be different for the two numerologies, which depends on the network deployment scenario. And also we know that the beamforming based spatial discrimination can cause power imbalance. The power offset is not a fixed value. However, the SNR degradation caused by adjacent non-orthogonal numerology varies with different power imbalance levels. It is not possible to test all possible power offset values, therefore, we may consider a fixed [x]dB offset in addition to 0dB power offset. 
Guard band consideration

Obviously, for a given EVM and throughput requirements at Tx or Rx, the guard band varies with the practical application scenarios. Defining multiple sets of guard band considering various practical application scenarios imposes huge workload on RAN4 and potentially slows down the NR standardization progress. As suggested in [5], single set of guard band is proposed in test configurations in RAN4 specification. 
As discussed in previous RAN4 meetings, the inter-numerology interference is generated at both transmitter and receiver side
· At transmitter side, the out of sub-block emission from aggressor numerology will interfere the victim numerology due to the non-orthogonality of different numerologies.

· At receiver side, the victim numerology receiver’s FFT window truncates the aggressor numerology signal, and picks up interference from the aggressor numerology due to the hard truncation.

The guard band in the test configuration should take both types of interference into consideration for whatever Tx EVM requirement and Rx selectivity requirements. In the following part, we study the inter-numerology interference impact on per PRB basis, which can act as a reference to determine the guard band for in-band requirements.

With AWGN channel, the received target numerology signal can be expressed as follows,
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Where x is the target signal, n is the white noise, and Ineighbor is the inter-numerology interference from neighbouring sub-block. The SIR is 
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The SNR degradation can be calculated as follows, 
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The SIR for mixed numerology can be evaluated with link level evaluation. With the SIR result on each target numerology PRB, the inter-numerology interference impact on the Tx EVM and Rx selectivity on per PRB basis (i.e. SINR) can be analyzed quantitatively. The detailed evaluation parameters are listed in Table 2.
Table 2: Evaluation parameters

	Parameters
	15 kHz numerology
	60 kHz numerology

	Sub-band bandwidth
	2.5 MHz
	2.5 MHz

	# of RB
	13 RB
	3 RB

	Power imbalance
	0 dB

	Sampling rate
	15.36 Msps

	FFT size
	1024
	256

	CP length
	72 samples
	18 samples

	Tx window length
	52 samples
	14 samples

	Rx window length
	10 samples
	10 samples 

	Channel model
	AWGN


The placement of two numerologies are shown in Figure 2, which is aligned with RAN1’s agreement on subcarrier grid for different subcarrier spacing, in which for a given SCS F0, subcarrier 0 always coincides with a subcarrier 0 of all SCS of order less than F0.

[image: image5.emf]15KHz 

(13 RB = 156 SCs)

...

60KHz

(3 RB = 36 SCs)

frequency

0 1 2 154155

...

0 1 35


Figure 2: the placement of two numerologies
Figure 3 illustrates the SIR distribution on per PRB basis for 60 kHz and 15 kHz mixed numerology case, with windowing applied on each numerology at both Tx and Rx. 
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Figure 3: SIR distribution on per PRB basis for mixed numerologies
Obviously the PRBs at sub-block edge will be much interfered than other PRBs. The SNR degradation on each sub-block edge PRB for 15 kHz and 60 kHz numerology is summarized in Table 3 and Table 4 respectively, not considering any power imbalance between numerologies.

Table 3: Downlink inter-numerology interference impact for 15 kHz numerology on per PRB basis

	PRB index
	EVM
	SNR requirement
	SIR
	SNR degradation with interference

(SNR-SINR)

	1st PRB
	17.5% (QPSK)
	15dB
	16dB
	2.5

	
	12.5% (16QAM)
	18dB
	
	4.1

	
	8% (64QAM)
	22dB
	
	7

	
	3.5% (256QAM)
	29dB
	
	13

	2nd PRB
	17.5% (QPSK)
	15dB
	22.4dB
	0.7

	
	12.5% (16QAM)
	18dB
	
	1.3

	
	8% (64QAM)
	22dB
	
	2.8

	
	3.5% (256QAM)
	29dB
	
	7.5

	3rd PRB
	17.5% (QPSK)
	15dB
	26.8dB
	0.3

	
	12.5% (16QAM)
	18dB
	
	0.5

	
	8% (64QAM)
	22dB
	
	1.2

	
	3.5% (256QAM)
	29dB
	
	4.2

	4th PRB
	17.5% (QPSK)
	15dB
	30.8dB
	0.1

	
	12.5% (16QAM)
	18dB
	
	0.2

	
	8% (64QAM)
	22dB
	
	0.5

	
	3.5% (256QAM)
	29dB
	
	2.2


Table 4: Downlink inter-numerology interference impact for 60 kHz numerology on per PRB basis

	PRB index
	EVM
	SNR requirement
	SIR
	SNR degradation with interference

(SNR-SINR)

	1st PRB
	17.5% (QPSK)
	15dB
	20dB
	1.2

	
	12.5% (16QAM)
	18dB
	
	2.1

	
	8% (64QAM)
	22dB
	
	4.1

	
	3.5% (256QAM)
	29dB
	
	9.5

	2nd PRB
	17.5% (QPSK)
	15dB
	35.5dB
	0

	
	12.5% (16QAM)
	18dB
	
	0

	
	8% (64QAM)
	22dB
	
	0.2

	
	3.5% (256QAM)
	29dB
	
	0.9

	3rd PRB
	17.5% (QPSK)
	15dB
	50dB
	0

	
	12.5% (16QAM)
	18dB
	
	0

	
	8% (64QAM)
	22dB
	
	0

	
	3.5% (256QAM)
	29dB
	
	0


The average SIR on the whole sub-block bandwidth is 25dB for 15kHz numerology, and 25.7dB for 60kHz numerology in case of 5MHz channel bandwidth.

It can be observed that: 
· With one PRB based in-band requirement definition, the required guard band at the boundary of the numerologies depends on the EVM required on the sub-block edge PRB. For QPSK, 1PRB guard band is required in order for negligible SNR degradation. While at least 4 PRBs are needed for 256 QAM.

· If considering power offset between numerologies, the required guard band will be changed accordingly. Specifically, more guard band is needed in case that the aggressor numerology has higher PSD than the target numerology, while less (even zero) guard band is needed if the aggressor numerology has lower PSD.

· If the in-band requirement are defined on more PRB number (e.g. the average EVM on the whole sub-block), less guard band is needed since the impact of the inter-numerology interference diminishes. 

Figure 4 illustrates an example of the test configuration for EVM measurement. For a certain CBW, the channel is equally split for two numerologies. RBs are fully allocated for the two numerologies. 
1) When test is for the average EVM for each sub-block, all RBs are allocated for the same modulation scheme. The guard band depends on the sub-block bandwidth and modulation order.
2) When test is for the sub-block edge PRB with 0dB power offset case
· For 15 kHz numerology, the second PRB counted from the boundary between numerologies can be measured for QPSK, the third PRB can be tested for 16QAM/64QAM and the fifth PRB can be tested for 256QAM. 
· For 60 kHz numerology, the second PRB counted from the boundary between numerologies can be measured for QPSK, 16QAM, 64QAM and 256QAM. 
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Figure 4: EVM Test configuration for sub-block and edge PRB
Similar evaluation as that in Table 3 and Table 4 can be provided for 15 kHz and 30 kHz mixed numerology case. The power offset between mixed numerologies is FFS.
2.2 UL in-band requirement

For UL side, we have the following agreement:
· Define the minimum requirement for NR BS in-channel selectivity requirements with mixed numerologies as follows

· For NR, the throughput shall be ≥ TBD % of the maximum throughput of the reference measurement channel as specified in Annex TBD with parameters specified in Table TBD for NR TBD type BS
	NR

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of wanted signal
	Type of interfering signal

	TBD
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	[10]
	TBD
	TBD
	TBD
	[10 MHz] NR CP-OFDMA signal,  TBD RBs*
	[10 MHz] NR CP-OFDMA signal,  TBD RBs*

	
	
	
	
	
	

	
	
	
	
	
	

	Note*: 
Wanted and interfering signal are placed around Fc with TBD RBs between the signals


· Several requirements may need to be defined to enable flexibility to optimise the in-band approach; FFS

Similar requirement as LTE can be defined for NR. The RBs of different numerologies are placed around Fc. 
For E-UTRA, the wanted signal is QPSK modulation, and the interfering signal is 16QAM. For NR, similar way can be used to simplify the measurement. If we use the same modulations as those for E-UTRA, the wanted signal level can be determined by the formula as below:
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For below 6GHz, the NF should be the same as that for E-UTRA, i.e. 5dB for BS. IM is 2 dB adopted for E-UTRA. SINR should be simulated based on NR waveform. 
The interfering signal level can be determined by the formula as below:
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For E-UTRA, IoT is derived based on system simulation, and 16dB above noise floor is adopted. For NR, the similar value can be considered. 
With methodology discussed above, once the RAN1 related parameters are determined for the FRC, the in-band ICS requirement for NR can be specified afterwards. 
3 Conclusion

How to specify BS in-band requirements is discussed in this contribution. 
For DL in-band requirement, EVM requirement for each supported numerology is defined based on system performance and implementation capability. Most likely, the values for NR can reuse the values of E-UTRA for different modulation schemes. How to test the EVM requirement rely on the specific test configuration for each CBW. Some RBs can be considered as guard band in the test configuration for the mixed numerology test cases. It is proposed to agree on the evaluation methodology firstly for SIR distribution on per PRB basis for mixed numerologies. 
For UL in-band requirement, ICS requirement for mixed numerology shall be defined. The E-UTRA similar methodology could be adopted to determine parameters for the NR ICS requirement. It is noted that some parameters also depends on the progress in RAN1. 
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