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[bookmark: _Ref463014664]Introduction
In this contribution we focus on the remaining aspect to finalize UE ACS and IBB requirements for FR2. Based on system level considerations we provide a list of proposals to be implemented in TS 38.101-2. 
Discussion
UE ACS and IBB requirements for FR2 have been discussed for a while. Two open issues still need to be addressed:
· For the case of intra-band CA there is a request for a possible relaxation to both ACS and IBB requirements.
· For the CA case, requirements for more than 2CC and/or more than 400MHz total aggregated bandwidth are not defined yet.
In the following subsections will take into consideration both open items.
Possible relaxation of ACS and IBB jammer levels
Different proposals were presented in order to relax the requirements for CA:
· In [2] a relaxation of 8dB for ACS and 14.5dB for IBB were proposed for the case of intra-band contiguous CA. However, based on online discussion, our understanding is that the proposals were meant for intra-band non-contiguous (NC) CA.   
· In [3], a relaxation of 8dB for ACS and 14.5dB for IBB was proposed for NC CA. The proposals apply to both in-gap and out-of-gap requirements.
· In [4] a different approach was used. For NC CA in-gap requirement only, it was proposed to set the ACS and IBB blocker power level relative to the REFSENS of the narrower bandwidth across component carriers.
In [2] and [3] the rational for the relaxation was mainly related to implementation constraints, for which we disagree.
In [4] the motivation behind the proposal is to avoid that the absolute power ratio between blocker and wanted signal is higher compared to the single carrier requirement. Main concern raised was that although the blocker power spectral density (PSD) is the same compared to the single carrier requirement, the relative power ratio could be higher in case of large component carrier, as shown in Figure 1. In this case, the IM3 caused by ACS would be a problem. Another observation is that relaxation proposed in [4] only applies to in-gap requirement when component carriers have different channel BW. 
Observation 1: the relaxation proposed in [4] only applies to in-gap requirement when component carriers have different channel BW.
[bookmark: _Hlk510809835]Since this relaxation is only related to the case in which two component carriers have different bandwidth, one approach could be to always consider parameters for the ACS and IBB jammers corresponding to the channel BW of the carrier under testing.
Observation 2: modification of the in-gap requirements can be discussed for the case in which component carriers have different channel BW. One approach could consist in always referring to parameters associated to the channel BW of the carrier under testing.
At the end of RAN4 #86 meeting, it was not possible to achieve an agreement and the following way forward was captured in the chairman minutes [1]:
WF: Companies are encouraged to check the amount of the impact of the proposed relaxation values on system performance. Also the applicable test cases need to be studied.
We already performed a detailed system analysis in [5] where we considered a scenario with three different operators in the same band. Table 1 summarizes the Montecarlo simulation results which 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.  
Looking at these results a possible compromised offered was to set IBB level equal to ACS for the NC CA case. The rationale behind this choice is to still preserve mean throughput degradation while allowing for a bit higher cell edge throughput degradation due to implementation constraints. Relaxing further ACS and IBB would lead to severe impact to performance even for the mean throughput.
Observation 3: Relaxing IBB to ACS level allows to keep good mean throughput performance. Relaxing both ACS and IBB below the 23dB level will cause overall system performance degradation. 
[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%



It is also worth noticing that ACS level is the outcome of the long coexistence study during NR study item, so modification to this requirement would imply a major effort.
Observation 4: the current ACS level in the specification is the outcome of NR study item.
Based on the above observations above, our preference is to be consistent across different cases (single carrier and CA) and allowing the same relaxation leading to IBB level equal to ACS. This would allow to have a simpler specification and keep a minimum performance level for all possible cases.
Proposal 1: to define IBB jammer level equal to ACS level for single carrier, inter-band CA, intra-band contiguous and non-contiguous CA.
The proposal is implemented in the draft CRs [6] and [7]. 
Removal of restriction for 2 component carriers and 400MHz aggregated bandwidth
The second issue to be addressed is related to the restriction about the maximum number of component carriers and the maximum aggregated bandwidth. For the 400MHz maximum aggregation restriction we proposed to remove the restriction and rely on the defined CA combinations.
Proposal 2: to remove the 400MHz restriction for aggregated bandwidth in ACS and IBB test cases for CA.
Regarding the restriction on the number of component carriers we propose to extend the current requirement for more than 2 CCs. However, in order to reduce the amount of testing, we prefer to put a specific restriction for in-gap requirement. For ACS with two component carriers the in-gap requirement applies if:  ≥ BW1/2 + BW2/2 + max(BW1, BW2), where  is the frequency separation between the center frequencies of the component carriers and BWk/2 are the channel bandwidths of carrier k, k = 1,2. For the case of more than 2 CCs we propose to have in-gap requirement if the following condition is met:
 ≥ BWm/2 + BWn/2 + max(BWm, BWn),
where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. If the minimum gap condition is met, for each component carrier the UE shall meet the requirements specified for the single carrier case considering parameters associated to the largest channel bandwidth across component carriers, i.e. BWm. In this way, a worst-case gap is computed and only if that condition is met the in-gap requirement applies. On the other hand, the out-of-gap requirement always apply to the first and last component carrier.
Similarly, for IBB the in-gap requirement applies if:
 ≥ 0.5(BWm + BWn) + 3 max(BWm, BWn),
where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. 
Proposal 3: For ACS NC CA with more than 2 component carriers:
· The in-gap requirement applies if  ≥ BWm/2 + BWn/2 + max(BWm, BWn), where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. If the minimum gap condition is met, for each component carriers the UE shall meet the requirements specified for the single carrier case considering parameters associated to the largest channel bandwidth across component carriers, i.e. BWm.
· The out-of gap requirement always applies to the first and last component carrier with parameters equal to the single carrier requirement.
Proposal 4: For IBB NC CA with more than 2 component carriers:
· The in-gap requirement applies if  ≥ 0.5(BWm + BWn) + 3 max(BWm, BWn), where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. If the minimum gap condition is met, for each component carriers the UE shall meet the requirements specified for the single carrier case considering parameters associated to the largest channel bandwidth across component carriers, i.e. BWm.
· The out-of gap requirement always applies to the first and last component carrier with parameters equal to the single carrier requirement.
Proposals 3 and 4 are also implemented in the draft CRs [6] and [7]. 
Conclusions
In this contribution, we analyze the remaining issues for the finalization of ACS and IBB requirements. The following observations and proposals summarize our findings:
Observation 1: the relaxation proposed in [4] only applies to in-gap requirement when component carriers have different channel BW.
Observation 2: modification of the in-gap requirements can be discussed for the case in which component carriers have different channel BW. One approach could consist in always referring to parameters associated to the channel BW of the carrier under testing.
Observation 3: Relaxing IBB to ACS level allows to keep good mean throughput performance. Relaxing both ACS and IBB below the 23dB level will cause overall system performance degradation. 
[bookmark: _GoBack]Observation 4: the current ACS level in the specification is the outcome of NR study item.
Proposal 1: to define IBB jammer level equal to ACS level for single carrier, inter-band CA, intra-band contiguous and non-contiguous CA.
Proposal 2: to remove the 400MHz restriction for aggregated bandwidth in ACS and IBB test cases for CA.
Proposal 3: For ACS NC CA with more than 2 component carriers:
· The in-gap requirement applies if  ≥ BWm/2 + BWn/2 + max(BWm, BWn), where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. If the minimum gap condition is met, for each component carriers the UE shall meet the requirements specified for the single carrier case considering parameters associated to the largest channel bandwidth across component carriers, i.e. BWm.
· The out-of gap requirement always applies to the first and last component carrier with parameters equal to the single carrier requirement.
Proposal 4: For IBB NC CA with more than 2 component carriers:
· The in-gap requirement applies if  ≥ 0.5(BWm + BWn) + 3 max(BWm, BWn), where BWm and BWn are the channel bandwidths of the first and second largest component carriers, respectively. If the minimum gap condition is met, for each component carriers the UE shall meet the requirements specified for the single carrier case considering parameters associated to the largest channel bandwidth across component carriers, i.e. BWm.
· The out-of gap requirement always applies to the first and last component carrier with parameters equal to the single carrier requirement.
The above proposals implemented in the draft CRs [6] and [7]. 
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