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1 Introduction
When specifying Rx requirements for NR, one important topic to address is the definition of the Fixed Reference Channels. 

Initial discussions ([1] and [2]) took place during last AH meeting in Nagoya and a Way Forward [5] was agreed. This contribution further elaborates on the correct choice of FRCs and makes some proposal to progress on this topic.
2 Discussion 
2.1 FRCs approaches comparison
In the following sub-sections, we would discuss the different options that could be considered when specifying FRCs for Rx requirements:

· 1 FRC covering the full BW for each channel BW.

· 1 or several smaller FRC(s) with 2 or more FRC overlapping.

· 1 or 2 FRC pattern(s) that would be duplicated, e.g.:
· One unique FRC pattern of 5 MHz channel BW

· 2 FRCs pattern of 5 and 20 MHz.

· Combinations of a limited number of FRCs with different channel BW and/or different SCS.
2.1.1 One FRC per channel BW covering the full BW

The first obvious option is to specify one FRC that would cover the full BW, e.g. one FRC with 270 PRBs and  50MHz channel BW to specify REFSENS for NR signal with 50 MHz channel BW. By doing so, all PRBs would be tested. 

The drawbacks of this approach are:

· We would need to define a FRC for each NR channel BW, and add new ones later if new channel BW would be specified for NR. 

· As mentioned in [3], a UE may be assigned only a part of the uplink channel bandwidth, making the transmission more susceptible to narrowband spuriouses that affect only a small number of resource blocks. This means Rx requirements would be relaxed by considering a too large BW for FRC, when compared with E-UTRA.
2.1.2 One or few FRC(s) with overlapping

This option was proposed in [2].
With the new agreed spectrum allocation, no NR signal would have a number of RBs that would be a multiple of number of RBs for a larger (in frequency) NR signal like it was with E-UTRA. For example, with E-UTRA, it was easy to compose a 20 MHz signal (100 RBs) with 4 times 5 MHz signal (25 RBs) and covering all RBs of the 20 MHz signal. With the new spectrum allocation, a 5 MHz 15 kHz SCS NR signal would still have 25 RBs while a 15 kHz SCS 20 MHz signal would have 106 RBs: 25 is not a multiple of 106.
To fix this, and consider having FRCs that would cover all RBs, one proposal would be to overlap one or some FRCs, as shown in Figure 1. Testing would have to be done twice: once with one set of FRCs, and once with overlapping one(s).
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Figure 1: Overlapping approach for FRCs definition
The main drawbacks of this option are:

· This would considerably impact the testing time of all Rx requirements, and so final cost. It won’t be possible anymore to test one NR signal in one shot. For each of the Rx requirements (based on REFSENS), tests would have to be run twice because of this overlapping.This would have major impacts on testing time and final cost.
· The test coverage won’t still be optimal: as mentioned in 2.1.1, the main motivation of testing all combined FRCs at the same time for the supported BW is to make sure that NB spuriouses could be observed, simulating several UEs transmitting at the same and sharing the bandwidth. Test coverage would not be fundamentally improved comparing to 2.1.1 then.
2.1.3 One or two 2 FRC pattern(s) that would be duplicated

Another possible option is to specify one (or two FRCs) and combine several occurrences of this FRC to occupy the full NR channel BW. 
This is the approach that was taken to specify E-UTRA Rx requirements, defining a unique FRC of 5 MHz to specify 10, 15 and 20 MHz requirements.

This would be the best solution, but with the new spectrum utlization agreed for NR, this would end up with many RBs not covered. See Table 1 for example, assuming using a 5 MHz – 15 kHz SCS FRC as it was done for E-UTRA and a 20 MHz – 30 kHz SCS FRC for the higher NR CBW signal.

	NR Channel BW
	Combination
	SCS
	#RBs not covered
	% Rbs covered

	    5 MHz
	5 MHz
	15 kHz
	0
	100%

	  10 MHz
	2 * 5 MHz
	15 kHz
	2
	96%

	  15 MHz
	3 * 5 MHz
	15 kHz
	4
	95%

	  20 Mhz
	20 MHz
	30 kHz
	0
	100%

	  25 MHz
	5 * 5 MHz
	15 kHz
	8
	94%

	  40 MHz
	2 * 20 MHz
	30 kHz 
	4
	97%

	  50 MHz
	10 * 5 MHz
	15 kHz
	20
	92%

	  60 MHz
	3 * 20 MHz
	30 kHz
	9
	94%

	  80 MHz
	4 * 20 Mhz 
	30 kHz
	9
	96%

	100 MHz
	5 * 20 MHz
	30 kHz
	18
	94%


Table 1: Channel BW coverage when specifying 2 FRCs only
Test coverage would still be not as optimal as it could be with such approach.
2.1.4 Combinations of limited number of FRCs with different channel BW and/or different SCS

This last option is similar to 2.1.3, but instead of defining 1 (or 2) FRCs pattern, a larger but still limited number of FRCs (4, or possibly 5) are specified and combined to specify Rx requirements for all NR channel BW signals.
This would limit to a strict minimum the number of RBs not covered, without relaxing any Rx requirements.

Our contribution [4] to previous meeting was proposing one possible set of FRCs and associated combinations. Table 3 shows the corresponding coverage with such combination’s proposal: almost always 98% or more coverage.
Moreover, not testing all RBs should not be an issue. Today, when testing Rx requirements based on REFSENS for E-UTRA today, the FRC coding rate is 1/3 and modulation is QPSK. With such robust configuration, spurs in one (or even two) RB won’t be noticeable and thoughput/SNR measured value would be very similar to the requirement. 
This was extensively discussed when specifying NB-IoT requirements, where a spur that hits a NB-IoT tone would considerably impact NB-IoT performance, while it was not noticeable before with E-UTRA. So, even if the 1 or 2% non-tested RBs (with this approach) would have spurs and if they would have been considered in testing, that would not vane been noticed anyway. 
For these reasons, we consider this approach is acceptable.
2.1.5 Comparison and conclusion
In the following Table 2, we compares the different options described in previous section.

	
	Flexibility
	#RBs not covered
	Testing and cost
	Coverage

	Option 1

One FRC per channel BW  covering the full BW
	Need to define 1 FRC for each channel BW
	None
	Ok
	Bad
Much less stringent and not really representative: a UE would transmit on the full BW, no consideration of NB spurious.

	Option 2

One or few FRC(s) with overlapping
	Good
	None
	Double testing time and testing cost
	Medium/bad

Less stringent - Similar to option 1.

Fewer UEs would transmit simultaneously

	Option 3

One or two 2 FRC pattern(s) that would be duplicated
	Good
	Bad

Many RBs won’t be covered
	Ok
	Medium
Many RBs won’t be covered, but would consider NB spurious.

	Option 4

Combinations of limited number of FRCs with different channel BW and/or different SCS
	Good
	Medium

Few RBs are not covered – 
	Ok
	Good

Very few RBs would not be tested and NB spurious are considered- almost always 98% at least coverage (see Table 3)


Table 2: Comparison of  FRCs options
From this comparison, the best option would be the combinations of a limited number of FRCs.
Proposal 1: Specify Rx requirements from a combination of limited number of FRCs.

2.2 FRCs proposal

For RF requirements, focus should be to specify the radio characteristics that would guarantee a certain performance level. 
When evaluating SNR value vs throughput, for the same channel bandwidth, the difference in between 2 sub-carrier spacing values should be almost constant or even null. Specifying 2 separate RF requirements for each sub-carrier spacing would not give more relevant information on the quality and performances of the radio then. Moreover demodulation requirements could take care of any performance difference in betwwen different sub carrier spacing (most likely no difference). We would propose so to specify RF requirement for 1 sub-carrier spacing per supported channel bandwidth. 

With the same rationale, we would propose to specify RF requirement for 1 symbol type and rely on demodulation requirement to specify any performance difference.

Proposal 2: Specify RF requirement for a certain channel bandwidth considering one sub-carrier spacing value only. 

Proposal 3: Specify RF requirement for a certain channel bandwidth considering one symbol type only
In [4] , we proposed the following FRCs (Table 3). To minimize the number of RBs that would not be tested. We have now added the last FRC (G-FRC5).
	
	Channel BW
	#RBs
	SCS

	G-FRC1
	5 MHz
	25
	15 kHz

	G-FRC2
	10 MHz
	52
	15 kHz

	G-FRC3
	20 MHz
	105
	15 kHz

	G-FRC4
	20 MHz
	51
	30 kHz

	G-FRC5
	10 MHz
	24
	30 kHz


Table 3: List of proposed FRCs
Proposal 4: Specify RF requirements based on the proposed FRCs in Table 3. 

From the proposed FRCs, and considering the previous proposals, following combinations would be suggested:

	NR Channel BW
	Combination
	SCS
	#RBs not covered
	% Rbs covered

	    5 MHz
	5 MHz
	15 kHz
	0
	100%

	  10 MHz
	10 MHz
	15 kHz
	0
	100%

	  15 MHz
	10 + 5 MHz
	15 kHz
	2
	97%

	  20 Mhz
	20 MHz
	15 kHz
	0
	100%

	  25 MHz
	20 + 5 MHz
	15 kHz
	2
	98%

	  40 MHz
	20 + 10 MHz
	15 kHz 
	4
	98%

	  50 MHz
	2 * 20 + 10 MHz
	15 kHz
	6
	98%

	  60 MHz
	3 * 20 MHz
	30 kHz
	9
	94%

	  80 MHz
	9 * 10 Mhz 
	30 kHz
	1
	99%

	100 MHz
	2 * 20 MHz + 7 * 10 MHz
	30 kHz
	3
	99%


Table 4: Channel BW coverage when specifying correct combination of FRCs
2.3 Assumptions for SNR simulations

As it was mentioned in the agreed way forward [5], RAN1 has not yet finalized specification of NR TBS/MCS.  
But we can already agree on following assumptions (Table 5) to run SNR evualation for REFSENS.
	Parameters
	Value

	Propogation
	AWGN

	Modulation
	QPSK

	Code rate
	1/3

	Antenna
	1

	Symbols type
	DFT-OFDM

	HARQ
	None

	SNR criteria
	95% of the maximum throughput of the reference measurement channels


Table 5: Initial simulation assumptions for REFSENS SNR evaluation
Proposal 5: Agree on the assumptions specified in Table 5 to prepare SNR simulations results.

As mentioned in the Way forward [5], in case of RAN1 would have not finalized specification of TBS/MCS, RAN4 should agree on a SNR tentative value to specify of Rx requirements. This value will be replaced later, once RAN1 has finalized their work and RAN4 has agreed on the SNR values corresponding to requirements and simulations assumptions. For this, we are proposing to set SNR tentative value to -1dB.

Proposal 6: Agree on a SNR tentative value of -1dB. This value will be replaced once RAN1 has finalized their work and RAN4 agreed on actual SNR value from agreed simulation assumptions.
3 Conclusion
In this contribution, we further analyzed the different approach when specifying FRCs for Rx requirements and made some proposals on the selection of FRCs. We also proposed some simulation assumptions to evaluate SNR used to specify Rx requirement and proposed a SNR tentative value.
Proposal 1: Specify Rx requirements from a combination of limited number of FRCs.

Proposal 2: Specify RF requirement for a certain channel bandwidth considering one sub-carrier spacing value only. 

Proposal 3: Specify RF requirement for a certain channel bandwidth considering one symbol type only

Proposal 4: Specify RF requirements based on the proposed FRCs in Table 3. 

Proposal 5: Agree on the assumptions specified in Table 5 to prepare SNR simulations results.
Proposal 6: Agree on a SNR tentative value of -1dB. This value will be replaced once RAN1 has finalized their work and RAN4 agreed on actual SNR value from agreed simulation assumptions.
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