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1. Introduction
[bookmark: _Hlk528680199]In previous RAN4 meetings, BS demodulation requirements are discussed for NR extended to 71GHz. The preliminary SNR values for the lowest channel bandwidth per SCS were agreed. But the link budget of conformance test is still not clear because the feasible test setup is tricky, and the instrument information is lacking. However, the link budget analysis is important to know the feasible test case configurations, such as channel bandwidth and SNR limit. 
Furthermore, there are still open issues on MCS configuration for PUSCH requirement. In this contribution, a general link budget analysis and open issues on BS demodulation in 71GHz is discussed.     

2. Discussion
2.1 Link budget for PUSCH demodulation
2.1.1 Background
2.1.1.1 Link budget for FR2-1
In the FR2-1 47GHz link budget discussion in TR38.847 [2], the following test setup is used. 
[image: ]
Based on this test setup, the achievable power level at Signal Generator output ( ) is analyzed. A signal generator can be estimated to provide an output power of up to -10dBm with the required linearity. Then the margin could be seen between achievable power level at  and -10dBm limit for up to 200MHz carrier bandwidth both 47GHz. Some assumptions are copied here, see Table 2.1.1.1-1, as reference for following analysis for 71GHz. 
Table 2.1.1.1-1 Assumptions used for 47GHz BS demodulation link budget
	Parameters
	Values

	EIS_RefSens_50M [dBm]
	-100

	EIS_RefSens_200M [dBm]
	-94

	AWGN above noise floor [dB]
	20

	Target SNR [dB]
	20

	Fading channel margin [dB]
	5

	 [dBm]
	-49

	Test antenna gain [dBi] 
	23

	Max output power of SG [dBm] 
	-10

	CATR illuminate area [m2]
	20

	EUT dimension [times of wavelength] 
	5/10



2.1.1.2 Status for FR2-2 BS conformance test 
The SNR limit reuse [20] dB as FR2-1 and AWGN offset was agreed in RF session that to use [0~15dB] for the BS demodulation discussion. One argument on the feasibility of large channel bandwidth is to lower down the AWGN level to 0dB to relax the link budget, but it would imply the tested SNR is based on the noise floor and could relax the requirement. To avoid this situation, and keep the stable requirements, current agreement is to focus on the carrier bandwidth up to 400MHz for FR2-2 demodulation regarding to the feedback from RF discussion and TE vendors. The initial demodulation requirement values are introduced.
At the same time, there is a good progress in RF BS conformance test discussion. Reference sensitivity and MU in the test setup are discussed and preliminary values are agreed. It gives the possibility to review FR2-2 demodulation link budget based on the achievement in RF discussion.   
The core requirements of reference sensitivity for 71GHz are captured in 38.104 v17.8.0 [1]. It could be seen that similar methodology and relationship between difference bandwidth as in FR2-1. Each SCS have same requirement, but the measurement reference channel is defined only for the minimum channel bandwidth. To test the PUSCH demodulation performance, the reference channel should be defined for full channel bandwidth. 

 (
For Wide Area BS, EIS
REFSENS_50M
 is an integer value in the range -96 to -119 dBm. The specific value is declared by the vendor.
For Medium Range BS, EIS
REFSENS_50M
 is an integer value in the range -91 to -
114
 dBm. The specific value is declared by the vendor.
For Local Area BS, EIS
REFSENS_50M
 is an integer value in the range -
86
 to -
109
 dBm. The specific value is declared by the vendor.
Table 10.3.3-1: FR2 OTA reference sensitivity requirement
Frequency Range
BS channel Bandwidth
(MHz)
Sub-carrier spacing (kHz)
Reference measurement channel
OTA reference sensitivity level, 
EIS
REFSENS
 (dBm)
FR
2-1
50, 100, 200
60
G-FR2-A1-1
EIS
REFSENS_50M 
+ Δ
FR2_REFSENS
50
120
G-FR2-A1-2
EIS
REFSENS_50M 
+ Δ
FR2_REFSENS
100, 200, 400
120
G-FR2-A1-3
EIS
REFSENS_50M 
+ 3
 
+ Δ
FR2_REFSENS
FR2-
2
100,400
120
G-FR2-A1-3
EIS
REFSENS_50M 
+ 3
 
+ Δ
FR2_REFSENS
400, 800, 1600
480
G-FR2-A1-6
EIS
REFSENS_50M 
+ 9 + Δ
FR2_REFSENS
400, 800, 1600, 2000
960
G-FR2-A1-7
EIS
REFSENS_50M 
+ 9 + Δ
FR2_REFSENS
NOTE 1:
EIS
REFSENS
 is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each
, except for one instance that might overlap one other instance to cover the full 
BS channel bandwidth
.
NOTE 2:
The declared 
EIS
REFSENS_50M
 shall be within the range specified above.
)
Observation 1: The reference sensitivity requirements for FR2-2 are defined for same reference measurement channel (same test bandwidth) per SCS while the BS demodulation measurement would be defined for the full channel bandwidth. 
 
2.1.2 Test setup and assumptions
Considering the FR2-2 instruments (e.g., PA, horn antenna for test, etc.) are not widely used in market, it is hard to get detailed OTA test setup as in 47GHz. So only general assumptions are given here for the link between SG and test antenna. The setup for the FR2-2 BS demodulation conformance test could be like following: 
[image: ]
Figure 2.1.2-1 Test setup for FR2-2 
The assumptions on different part in the Figure above are analyzed here. 
· Assume the noise floor has the similar level as reference sensitivity. Compared with 47GHz, larger antenna size could be expected for 71GHz. In that case, lower reference sensitivity could also be possible. In 47GHz discussion, EIS_RefSens_50MHz is assumed as -100dBm while it could be -110dBm for 71GHz. 
Not similar as reference sensitivity requirement in FR2-2, the demodulation requirement for larger channel bandwidth should be defined for full bandwidth. In that case, the EIS_RefSens_800M should be EIS_RefSens_50MHz + 9dB + 3dB = -110dBm + 12dB = -98dBm.
· AWGN above noise floor can be adjusted within 0~15dB range as agreed. Here take 15dB for the initial calculation. 
· The target SNR for wanted signal is assumed as 20dB which is the same as in FR2-1. In typical FR2-2 deployment, high receiving SNR could be common due to good channel condition and low UE speed. It is worthy to check performance for high SNR scenario if possible.  
· In FR2-2, we consider both NLOS channel (TDLA30-650, TDLA10-650) and LOS channel (TDLD30-200, TDLD10-200). For larger channel bandwidth as 800MHz, LOS channel would be more feasible. In that case, the fading channel margin could be small, so here 2dB is assumed. 
· The measurement antenna gain is assumed 14dBi for 71GHz. In [3], 13dBi is assumed for 71GHz. 
· The cable loss is assumed as 10dB/m for 71GHz [3] and the insertion loss of combiner  is assumed as 3dB.  
· To keep the good linearity, the maximum output power of signal generator  is assumed as -5dBm which is a bit more optimistic than 47GHz assumption. 
· The CATR chamber illuminate area A is assumed as 2m2 for 71GHz tests rather than 20m2 for 47GHz analysis [4]. The corresponding coupling loss  where λ is the wavelength. So, the coupling loss for 71GHz is .
· For IAC, the EUT dimension D is assumed as 0.1m which could be a bit optimistic. The far field distance is  and corresponding coupling loss  , where  is center frequency of carrier with unit GHz. Thus,  and  for 71GHz and D =0.1m.

Summarize all assumptions above into table 2.1.2-1. 
Table 2.1.2-1 Assumptions used for 71GHz BS demodulation link budget
	Parameters
	Values

	EIS_RefSens_50M [dBm]
	-110

	EIS_RefSens_800M [dBm]
	-98

	AWGN above noise floor [dB]
	15

	Target SNR [dB]
	20

	Fading channel margin [dB]
	2

	Test antenna gain [dBi] 
	14

	Max output power of SG [dBm] 
	-5

	Cable loss [dB/m]
	10

	Combiner loss [dB]
	3

	CATR illuminated area [m2]
	2

	EUT dimension [m]
	0.1


 

2.1.3 Link budget calculation
2.1.3.1 CATR
Table 2.1.3.1-1 link budget for 71GHz for CATR 
	Parameters
	Values
	Note

	CBW [MHz] 
	800
	

	 for full bandwidth [dBm]
	-98
	

	AWGN level [dB] 
	15
	

	Target SNR limit [dB] 
	20
	

	Fading margin [dB]
	2
	

	 [dBm] 
	-61
	 

	
	14
	Measurement antenna gain

	[dB]
	61.5
	

	 [dBm]
	-13.5
	

	 [dBm]
	-5
	Maximum output power of SG

	
	3
	

	
	10
	1m cable 

	Margin [dB]
	-4.5
	



Observation 2: The link budget for 71GHz demodulation in CATR is a bit tight for 800MHz channel bandwidth.  

2.1.3.2 IAC
Table 2.1.3.2-1 link budget for 71GHz for IAC 
	Parameters
	Values
	Note

	CBW [MHz] 
	800
	

	 for full bandwidth [dBm]
	-98
	

	AWGN level [dB] 
	15
	

	Target SNR limit [dB] 
	20
	

	Fading margin [dB]
	2
	

	 [dBm] 
	-61
	 

	
	0.1
	EUT dimension

	 [m]
	4.7
	

	[dB]
	83
	

	
	14
	Measurement antenna gain

	 [dBm]
	9
	

	 [dBm]
	-5
	Maximum output power of SG

	
	3
	

	
	10
	1m cable 

	Margin [dB]
	-26
	



Observation 3: The link budget margin for IAC could be very tight for 71GHz demodulation requirement.  
2.1.3.3 Summary
Based on the calculation above, the link seems tight even for 400MHz (margin could be -1.5dB) and larger channel bandwidth demodulation regarding optimistic SG output power and only 1m cable loss is assumed here. Thus, only lowering AWGN level might not solve the problem for larger bandwidth (e.g., 1600MHz or 2000MHz) but will introduce the risk of relaxing the requirement. 
Of course, the whole setup could be improved in the future to relax the margin especially for IAC, and following methods are possible: 
· Improve test antenna gain or beamforming to get higher receiving signal power level at RIB of EUT.
· Adding PA between SG and measurement antenna (similar as 47GHz setup) to compensate the large attenuation caused by cable and combiner.
Unfortunately, there is no much information for all these instruments in current market, so it is hard to predict how much gain could be achieved. The consequent cost and complexity of the test is still not clear.   
In summary, it would be practical to consider the demodulation requirements for up to 400MHz channel bandwidth even it looks possible to get 800MHz tests in CATR. 
Observation 4: It would be low risk to only consider BS demodulation requirements for small channel bandwidth (<=400MHz) for 71GHz at current stage. 

2.2 Other open issues
In the WF of RAN4#105 [5], there is only one open issue left on MCS for 2Tx2Rx configuration. 
 (
MCS and number Tx/Rx branches for PUSCH requirements
<Agreement>
MCS 20 for 1T2R Low
FFS whether introduce MCS 18 with 2T2R Low, further effort on the alignment of simulation results required.
)
As the link budget calculation shows above, lower target SNR (i.e., 15dB) could be feasible for BS demodulation conformance test at least for CATR. Based on simulation results from two companies [6], SNR for MCS18 with 2T2R low would reach ~15dB. If all companies’ results are aligned and average value is smaller than 15dB, then this configuration could be OK for conformance test. 
Proposal: Accept MCS18 with 2T2R low configuration if average SNR impairment results of all companies are less than 15dB.

3. Conclusions
Observation 1: The reference sensitivity requirements for FR2-2 are defined for same reference measurement channel (same test bandwidth) per SCS while the BS demodulation measurement would be defined for the full channel bandwidth.
Observation 2: The link budget for 71GHz demodulation in CATR is a bit tight for 800MHz channel bandwidth.  
Observation 3: The link budget margin for IAC could be very tight for 71GHz demodulation requirement.
Observation 4: It would be low risk to only consider BS demodulation requirements for small channel bandwidth (<=400MHz) for 71GHz. 
Proposal: Accept MCS18 with 2T2R low configuration if average SNR impairment results of all companies are less than 15dB.
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