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[bookmark: _Ref463014664]Introduction
UE in-band blocking (IBB) requirements for NR in millimiter wave (mmW) spectrum was extensively discussed in RAN4 #84 [1]. In this contribution, we make proposals for the remaining aspects which were not agreed yet and we present a text proposal for the IBB test to be implemented in UE specification.
Discussion
In RAN4 #84, discussion about IBB requirement for mmW was triggered by [1], where an extensive set of system level simulation to evaluate the impact of IBB jammer level was presented. The current agreements are captured in RAN4 #84 chairman minutes:
Agreement: 
-	Proposal 1 is agreed where it is assumed that blocker comes from the same direction as that of the wanted signal
-	The exact value for IBB is between 23dB and 30dB for 30GHz.
-	For 45GHz, companies are encoranged to study if Qualcomm’s approach that is (X -1) dB for 45GHz is acceptable or not. Note that X is IBB for 30GHz.
In the following we will discuss the remaining aspects needed to specify the test. 
IBB test parameters
In order to fully define the IBB test, the following aspects still need to be clarified:
· Number of channel bandwidth (BW) tested, i.e. a subset of the channel BW defined for range 2 NR or the full set of supported BW.
· IBB value in the range of 23dB to 30dB, for both 30GHz and 45GHz frequency ranges.
· IBB jammer location, i.e. a fixed location compared to the wanted signal (like for LTE IBB test CASE 1) or a variable location which spans in the whole band and possibly out-of-band (like for LTE IBB test CASE 2).
· The absolute wanted and unwanted signal level compared to the specified Effective Isotropic Sensitivity (EIS).
· How to define the IBB test in case of carrier aggregation.
Regarding the number of channel BW, we believe that since so far only 4 different channel bandwidths for range 2 [2], it is possible to define a test for the full channel BW set:
Proposal 1: to define IBB test for 50MHz, 100MHz, 200MHz and 400MHz channel BW.
The value of IBB level was discussed in detail in [1]. Based on the outcome of our system level simulation analysis we believe that 30dBc is an appropriate level to guarantee performance when multiple adjacent channels (more than 2) are deployed in the 30GHz frequency range bands. Regarding the 45GHz frequency range, we propose to use the same approach used in the study item, i.e. to scale the requirement compared to 30GHz frequency range by 1dB, thus allowing to keep consistency with the agreed ACS levels [3]:
Proposal 2: UE IBB requirement should be 30dBc for the 30GHz frequency range and 29dBc for the 45GHz frequency range.
A very important aspect to be clarified is the location of the jammer in the band. Our proposal to define a single IBB test case was generally agreed, however there were some questions about the location of the jammer. In LTE specification, IBB CASE 2 covers the case in which aggressor represents the third adjacent channel or any larger frequency offset up to 15MHz out of band (and the out-of-band (OOB) test was defined starting from 15MHz from edge of the band). This definition needs to be necessarily adjusted by considering the different channel BW under analysis. By taking into account the fact that both ACS and IBB jammers have same bandwidth as wanted signal, for the case of 400MHz channel BW a total protection of 800MHz out of the wanted channel are guaranteed for CASE 1 type of requirement. We believe that two options are possible provided that a single level for IBB jammer is considered:
· Option 1: the IBB offset is fixed and it is located at 2 x Channel BW. If we take for instance 400MHz channel BW, the IBB offset compared to the wanted channel center frequency is ~800MHz (2 BW).
· Option 2: similarly to LTE IBB test CASE 2, the offset location is not fixed. In this case the IBB jammer location can span from 2 BW to FDL_high + 1.5 BW and from – FDL_low – 1.5 BW to -2 BW.
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[bookmark: _Ref492906608][bookmark: _Ref492906563]Figure 1. Two possible specifications of IBB test. In option 1 a fixed offset for IBB jammer is considered, while for option 2, IBB can be located at a different offset up to beginning of out-of-band region. The figure refers to band n257 and 400MHz channel BW.
A pictorial representation of the two options is shown in Figure 1. There are pro and cons for the two options. Since option 2 allows for a wider range of jammer locations compared to the wanted signal, we prefer this option compared to the fixed offset case:
Proposal 3: to define IBB jammer location based on a variable offset compared to the wanted signal. 
Regarding the absolute level of the wanted and unwanted signal our preference is to align IBB test with ACS test since similar nature of aggressor signals are expected in mmW. Since for ACS test it was agreed to set wanted signal at 14dB above the REFSENS, we make the following proposal:
Proposal 4: For IBB test, wanted signal level should be set at EIS + 14dB. 
Consequently, following Proposal 2, the IBB level should be set at EIS + 14dB + 30dB – SNR – IM, where SNR is the SNR required to decode the reference measurement channel (RMC) and IM is the implementation margin. 
Proposal 5: For IBB test, unwanted signal level should be set at EIS + 44dB – SNR - IM. 
The last point to be analyzed is how to define the test in case of carrier aggregation. This aspect was discussed during last RAN4 meeting and in particular the question was whether to define the requirement considering the aggregate channel BW or not. Our view is that indeed the IBB test should be defined according to the aggregated transmission BW. In other words, the band of both ACS and IBB aggressors should be the same as the total contiguous allocated bandwidth: 
Proposal 5: In case of intra-band contiguous CA, the ACS and IBB test signal bandwidth should be the same as total aggregated bandwidth. Blocker level should be the same as the one agreed for the single carrier case.
Text proposal for IBB test
In the following we present the table to be used for the definition of IBB tests. For the IBB signal level we assumed that the sum of IM and SNR is about 0dB, therefore the difference between wanted and unwanted signal is exactly 30dB and 29dB, for 30GHz and 45GHz frequency ranges, respectively.
Proposal 6: to adopt in-band blocking parameters defined in Table 1.
[bookmark: _Ref492912473]Table 1. In band blocking parameters.
	Rx Parameter
	Units 
 
	Channel bandwidth

	
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	EIS + 14 dB

	PInterferer
	dBm
	EIS + 44dB
	EIS + 44dB
	EIS + 44dB
	EIS + 44dB

	This requirement is applicable to bands n257, n258, n259
	
	
	
	
	

	PInterferer
	dBm
	EIS + 43dB
	EIS + 43dB
	EIS + 43dB
	EIS + 43dB

	This requirement is applicable to band n260
	
	
	
	
	

	BWInterferer 
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	100
	200
	400
	800

	
	
	/
	/
	/
	/

	
	
	-100
	-200
	-400
	-800

	FInterferer
	MHz
	FDL_low – 75

To

 FDL_high + 75

	FDL_low – 150

To

 FDL_high + 150

	FDL_low – 300

To

 FDL_high + 300

	FDL_low – 600

To

 FDL_high + 600




Conclusions
In this contribution, we analyzed UE IBB requirement for mmW frequency ranges. We analyzed the key points still under discussion and we made the following proposals:
Proposal 1: to define IBB test for 50MHz, 100MHz, 200MHz and 400MHz channel BW.
Proposal 2: UE IBB requirement should be 30dB for the 30GHz frequency range and 29dB for the 45GHz frequency range.
Proposal 3: to define IBB jammer location based on a variable offset compared to the wanted signal. 
Proposal 4: For IBB test, wanted signal level should be set at EIS + 14dB. 
Proposal 5: For IBB test, unwanted signal level should be set at EIS + 44dB – SNR - IM.
Proposal 6: to adopt in-band blocking parameters defined in Table 1.
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