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[bookmark: _Ref463014664]Introduction
In this contribution, we focus on the UE in-band blocking (IBB) requirements for NR in millimiter wave (mmW) spectrum. UE adjacent channel selectivity (ACS) requirement has been already agreed in last RAN4 meetings [1][2], while little discussion about IBB happened. In this paper, we will provide a detailed analysis on the impact of IBB requirements to system level performance and we will update our original proposal in [3].
Discussion
RAN4 is currently defining the main UE Rx requirements for mmW. ACS value was agreed in [1] based on the outcome of the adjacent channel coexistence study carried during NR study item phase [4]. The ACS requirement was than implemented in [2]. The agreed requirement can be summarized as follows:
· ACS values:
· 23dBc for 30GHz frequency range.
· 22dBc for 45GHz frequency range.
· ACS jammer channel bandwidths: 
· 50MHz, 100MHz and 200MHz. For each test case channel bandwidth of the wanted signal is the same as the ACS aggressor signal.
Given the above agreement, what is missing for the in-band requirements is to define IBB. In particular, IBB value(s) and bandwidth(s) need to be determined. Figure 1 summarizes the in-band blockers and the missing parameters to be finalized.
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[bookmark: _Ref489522883]Figure 1. Pictorial representation of wanted, ACS and IBB signals.
IBB bandwidth and number of cases
The first question to be answered is the channel bandwidth for aggressor IBB and the number of IBB jammers to be specified. As we already mentioned, ACS test signal has same bandwidth as wanted signal. When looking at IBB, we need to consider the nature of mmW band. Since this band will be allocated for NR eMBB deployment it is expected that in-band adjacent channels will have similar bandwidth compared to the wanted signal. In other words, it is not expected that narrower band systems will operate in the same band. From this perspective, defining an IBB aggressor signal with same bandwidth as the wanted signal seems to be the natural choice:  
Proposal 1: For the UE IBB test in mmW, the bandwidth of wanted and unwanted signals should be the same.
Another aspect to be finalized is the number of non-adjacent aggressor signals, i.e. number of IBB. In LTE specifications, two cases for in-band blocking tests are specified, namely Case 1 and Case 2. If we consider the largest LTE channel bandwidth, i.e. 20MHz, a total frequency span of 15MHz adjacent to the wanted signals is covered by blocker tests, i.e. adjacent 5MHz are tested with ACS test, second and third non-adjacent 5MHz are tested with IBB Case 1 and Case 2 tests, respectively. As a consequence, the total amount of adjacent frequency region which is subject to in-band blocking test is less than the channel BW for 20MHz LTE signal (15MHz vs 20MHz). In NR, we believe that a larger frequency region should be covered. By accounting together the already agreed ACS test for mmW and our Proposal 1, a total frequency range of 400MHz would be covered with ACS and IBB 1. We believe that this is sufficient to guarantee performance in case of multiple adjacent operators and, therefore, we do not see the need to specify a second IBB test case.    
Proposal 2: Only one IBB test case covering the first non-adjacent channel should be specified as UE requirement in mmW.
In the next section, we will focus on the IBB signal level to be specified in the test.
IBB signal level
The first thing to clarify when determining the IBB requirement is to understand the impact on system level performance. The WF on ACS value [1] was based on the outcome of the adjacent channel coexistence study performed during the work item phase. In that study, a scenario with two adjacent operators, i.e. victim and aggressor, operating on 200MHz channel BW was performed. The performance metric which was analyzed is Adjacent Channel Interference Ratio (ACIR),  the ratio of the total power transmitted from a aggressor source to the total interference power affecting the victim receiver, resulting from both transmitter and receiver imperfections. Based on the agreed ACIR value, ACS and ACLR were then derived by sharing the “pain” between Tx and Rx imperfections.
In case of two operators ACIR is a function of victim ACS and aggressor ACLR:

If we now analyze a scenario with 3 operators, a similar metric can be defined by considering the impact from the third operator (non-adjacent aggressor to the victim operator). As illustrated in Figure 2, the relevant parameters for coexistence are the following:
· Aggressor 1 impacts the victim with its firs ACLR value, while the victim rejection capability compared to aggressor 1 are determined by the ACS value.
· Aggressor 2 has direct impact on receiver channel with its second ACLR (ACLR2) value. The total victim rejection of aggressor 2 can be split in two components: the victim will reject first ACLR of aggressor 2 through its ACS capability, while IBB requirement will determine the rejection of in-band aggressor 2 signal. 
If we want to formalize the impact of aggressor 2 on the victim operator, we can define a parameter equivalent to ACIR as follows:

Where we account for the fact that the terms  is negligible. Since BS ACLR2 should be also much higher than ACLR, IBB one is the main RF parameter impacting coexistence of aggressor 2 and victim operator.
In an ideal unrealistic case in which BS aggressor 1 and 2 generate the same signal affecting the UE, an equivalent total ACIR value could be derived as follows . 
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[bookmark: _Ref489888905]Figure 2. Example of RF parameters relevant to adjacent channel coexistence in case of 3 adjacent operators.
In a real situation, the impact of aggressor 1 and aggressor 2 to the victim UE can be determined only through simulation due to the statistical behaviour of the different operators. 
In order to carefully evaluate the choice of IBB value for NR we performed Montecarlo simulations considering a scenario similar to the one depicted in Figure 2. In particular, we adopted the following assumptions:
· Simulation methodology and parameters identical to the one agreed in NR adjacent channel coex study [4].
· For aggressor 1 we used BS ACLR and UE ACS according the values agreed in RAN4, i.e. 28dBc and 23dB, respectively.
· Aggressor 2 is simulated as a completely independent operator compared to aggressor 1. ACLR and ACS are the same as the one agreed in RAN4, while BS ACLR2 is set to 40dBc.
· Deployment: Urban Macro scenario with Inter-Site distance (ISD) = 200m and 300m. Both coordinated and uncoordinated deployments were simulated.
[bookmark: _Ref489972118]Table 1. Summary of adjacent channel coexistence simulation results in case of three coexisting operators.
	Deployment
	IBB [dB]
	∞
	23
	26
	30

	UMa - ISD = 200m  
Co-located 
	mean thput degradation
	1.0%
	1.7%
	1.3%
	1.1%

	
	5%-tile thput degradation
	0.2%
	0.3%
	0.2%
	0.2%

	UMa - ISD = 200m  
Not Co-located 
	mean thput degradation
	1.2%
	2.2%
	1.7%
	1.4%

	
	5%-tile thput degradation
	0.2%
	0.3%
	0.2%
	0.2%

	UMa - ISD = 300m  
Co-located 
	mean thput degradation
	1.0%
	1.6%
	1.4%
	1.2%

	
	5%-tile thput degradation
	2.9%
	5.4%
	4.3%
	3.4%

	UMa - ISD = 300m  
Not Co-located 
	mean thput degradation
	1.5%
	2.4%
	2.1%
	1.8%

	
	5%-tile thput degradation
	4.9%
	8.0%
	6.4%
	5.1%



Table 1 summarizes the Montecarlo simulation results obtained in the three operators scenario. The results are expressed in terms of mean and 5%-tile throughput degradation relative to a single operator scenario (i.e. no adjacent channel interference). Several values of IBB have been simulated. The case of IBB = ∞ corresponds to the scenarios simulated during the study item phase, i.e. 2 adjacent operators, while the cases with finite IBB allows us to understand the relative impact of the third operator. Based on the simulation results, our previous proposal to have IBB=ACS=23dB would allow to keep the mean throughput degradation within reasonable limits, but will cause some degradation to the tail throughput. On the other hand, IBB=30dB will allow to have marginal degradation to both mean and 5%-tile throughput compared to the 2 operators case, even for the worst case scenario.   
Based on the above observation, and considering the fact that we analyzed the worst case Down Link scenario, we make the following proposal for UE IBB: 
Proposal 3: UE IBB requirement should be 30dB for the 30GHz frequency range and 29dB for the 45GHz frequency range.

Draft specification proposal
In Table 2, we make a proposal for the In-band blocking parameter which is consistent with our Proposal 1, 2, and 3. The draft spec is also sketched based on the ACS tables agreed in [2]. In other words, the interferer signal level is obtained considering a decodable SNR of -1dB and an implementation margin (IM) of 2.5dB, similarly to what done in LTE spec. If assumption about SNR and IM are changed later, the table below will be adjusted accordingly. 
Proposal 4: to adopt Table 2 as specification for UE in-band blocking requirement. 
[bookmark: _Ref489975675]Table 2. Test parameters for in-band blocking test.
	Rx Parameter
	Units 
	Channel bandwidth

	
	 
	50 MHz
	100 MHz
	200 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS + 42.5dB
	REFSENS + 42.5dB
	REFSENS + 42.5dB

	For IBB of 30dB
	
	
	
	

	PInterferer
	dBm
	REFSENS + 41.5dB
	REFSENS + 41.5dB
	REFSENS + 41.5dB

	For IBB of 29dB
	
	
	
	

	BWInterferer 
	MHz
	50
	100
	200

	FInterferer (offset)
	MHz
	100+0.010
	200+0.050
	400+0.010

	For SCS of 60kHz
	
	/
	/
	/

	 
	
	-100.01
	-200.05
	-400.01

	FInterferer (offset)
	MHz
	100+0.100
	200+0.020
	400+0.100

	For SCS of 120kHz
	
	/
	/
	/

	 
	
	-100.1
	-200.02
	-400.1




Conclusions
In this contribution, we analyzed UE IBB requirement for mmW frequency ranges. We provided simulation results considering three operators transmitting in the same band. Based on the outcome of our analysis, we made the following proposals:
Proposal 1: For the UE IBB test in mmW, the bandwidth of wanted and unwanted signals should be the same.
Proposal 2: Only one IBB test case covering the first non-adjacent channel should be specified as UE requirement in mmW.
Proposal 3: UE IBB requirement should be 30dB for the 30GHz frequency range and 29dB for the 45GHz frequency range.
Proposal 4: to adopt Table 2 as specification for UE in-band blocking requirement. 

Reference
[1] [bookmark: _Ref489521993][bookmark: _Ref481663184][bookmark: _Ref473813022][bookmark: _Ref465947019]R4-1706063, “WF on mmW ACLR and ACS”, Qualcomm Incorporated, Huawei.
[2] [bookmark: _Ref489521996]R4-1706526, “UE ACS fro mmWave”, Intel Corporation.
[3] [bookmark: _Ref489522242]R4-1705478, “UE ACLR, ACS and IBB requirements for mmW”, Qualcomm Incorporated.
[4] [bookmark: _Ref489890177]3GPP TR 38.803, “Study on new radio access technology: Radio Frequency (RF) and co-existence aspects”, V14.0.0.
1

1

image1.png
Signal Level

Gap between ACS_|
and IBB is TBD

Wanted Signal

ACS

IBB

X MHz

X MHz

7 MHz

IBB 2





image2.png
Victim Aggressor ggressor 2

L ACS
ACLR | ACLR




