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==============First change==============
[bookmark: _Toc208238215]7.1.6	ACS requirements
7.1.6.1	Motivation and general comments
The basis of jammer requirements for the LPWUS feature is that the LR and MR cohabit the same UE, and the UE must withstand the same jammers whether it is receiving PDSCH for MR or monitoring the WUS for LR in some power-saving mode. 
In LPWUS monitoring mode, the UE can autonomously and transparently flip between using the LR and MR, as part of its RAN1- and RAN2-defined behavior. The overall goal is to preserve reliability of PDCCH/paging while supporting the LPWUS feature, compared to legacy operation without LPWUS. The inherent flexibility designed into the UE for the LPWUS feature means it is not possible to delineate LR behavior from MR behavior.
The analysis in subsequent sections assume that the LR’s NF variation across bands tracks that of the MR, This assumption allows band-agnostic analysis.
7.1.6.2	Deriving the requirement from system level considerations, FR1
7.1.6.2.1	General
The challenge for deriving the ACS requirement is translating ‘the UE must withstand the same jammers whether it is receiving PDSCH or monitoring the WUS in some power-saving mode’ into a mathematically relatable principle. Three were considered in the work phase:
1. Extension of legacy ACS side conditions: Same jammer levels as legacy requirement side conditions would apply and wanted signal strength would relate to its REFSENS in the same way as the legacy case.
2. Real world consideration: The coverage of PDSCH and the coverage of LPWUS both degrade by similar amounts in the presence of an interferer
3. Alternative method to derive requirements from legacy ACS requirements
Despite the same interfering jammer level, it should be noted that different LP-WUR types, namely Type 1 LR and Type 2 LR, exhibit varying ACS handling capabilities, which are reflected in their differing ACS requirements due to inherent implementation differences.

7.1.6.2.2	ACS consideration 1
LPWUS ACS requirements can be derived based on extension of legacy ACS requirement. Specifically, it is assumed that the same jammer levels as legacy requirement side conditions would apply and the LPWUS wanted signal strength would relate to its REFSENS in the same way as the legacy case (+14 dB).
For the main radio with diversity gain DG, the absolute interferer level for the legacy interferer at each UE input can be calculated as:

A similar equation can be written for the absolute level of the interferer for the LPWUS case, assuming the LPWUS (wanted) signal is also 14 dB stronger than the LPWUS REFSENS, and there is no diversity gain (1Rx case):

If the absolute interferer power levels are the same for both cases (legacy and LPWUR), then the legacy interferer per connector and LPWUS interferer are equal, i.e. the right-hand sides of the 2 equations can be directly compared:

i.e.   
i.e.     EQ 7.1.6.2.2-1
7.1.6.2.3	ACS consideration 2
A real-world ACS performance expectation is ‘the coverage of PDSCH and the coverage of LPWUS both degrade by similar amounts in the presence of an interferer’. This expectation can be translated to ‘for a given interferer, the desensitization suffered by the UE for LPWUS detection is no greater than the desensitization suffered by the main radio’. This real-world scenario is analyzed below.
For the main radio with diversity gain DG, assume an interferer that causes ‘x’ dB desensitization of PDSCH. The absolute interferer level (dBm) at each UE input can be calculated as:

In the real world, LPWUS is likely to have adjacent non LPWUS RBs. Desensitization due to these adjacent non-LPWUS RBs is assumed to be ‘d’ (dB). The ‘real-world principle’ to apply here is that that the adjacent channel interferer that causes ‘x’ dB desens in the MR causes no more than a further ‘x’ dB desensitization at the UE for LPWUS detection.  i.e the net desens for LPWUS reception would be ‘d+x’. The required ACS that should apply to the UE for LPWUS reception can then be calculated as:

Combining the two equations above by eliminating Intrfrlegacy:

i.e.       
i.e.      ………. EQ 7.1.6.2.3-1
7.1.6.2.4	ACS consideration 3

It is agreed that the LR and MR has the same jammer level for ACS test case. The ACS of LR is derived using the below formular.
As an example, the conversion formula between the ACS and the interference signal levels can be written as 
a N = N + I/ACS					
ACS = I/{(a-1)N)					
Where a is the margin of wanted signal level above reference sensitivity in linear unit; N is the noise floor in linear unit; I is the adjacent channel interference signal level expressed in linear unit, ACS is the adjacent Channel Selectivity expressed in linear unit.
Assuming the relaxing factor for MR is 11 dB, the MR inteferer level can be expressed with the formular below:

The relaxing factor for LR can be 14 dB, the LR inteferer level can be expressed with the formular below:

With the equal jammer level of LR and MR, the ACS of LR is derived below

7.1.6.2.5	LPWUS ACS requirement summary
The table below summarizes the implied ACS requirements for the considerations or motivating principles identified above (assuming for simplicity that LR NF tracks MR NF across bands):
	Motivating principle
	Implied LPWUS ACS Requirement
	ACS Requirement for type 1 LR
	ACS Requirement for type 2 LR

	1. RAN4 agreements on LPWUS 
	
EQ. 7.1.6.2.2-1
	
	

	2. The coverage of PDSCH and the coverage of LPWUS both degrade by similar amounts in the presence of an interferer
	
EQ. 7.1.6.2.3-1
	
	

	3. Alternative derivation method
	
EQ. 7.1.6.2.4-1
	
	

	NOTE:    



All approaches yield the same expression, which is therefore considered the baseline requirement for FR1. 
i.e.      
7.1.6.3	FR2-specific considerations
In general, agreements made for FR1 can be carried over to FR2. One legacy FR2 requirement assumptions that is useful to co-opt is that the jammer is ‘polarization matched to the wanted signal’. For simplicity this assumption can be carried over. For legacy operation with the main radio, the following expression relates the max. strength of the interferer to the ACS requirement and the side condition of providing the wanted signal 14 dB higher than REFSENS, where is the array gain in each pol. of the module

Similarly, for LPWUS reception with a single element and pol. selection diversity (EQ. 5.2-1)

Note here that CG = -3 for LPWUS (for pol. selection diversity) Setting both interferers to the same value, 

i.e. the FR2 LPWUS ACS requirement also takes on a form similar to that of FR1.
7.1.6.4	UE Implementation considerations for ACS
The previous sections have evaluated UE ACS requirements demanded by the system, i.e. a ‘top-down’ approach. These requirements do not conflict with the ‘low power’ goal of this feature because of the flexibility of the UE to use the LR or MR,
A UE’s implementation choice of the LR and the handover logic between the LR or legacy operation with the MR are two sides of the same coin. For example, a UE design with an ultra-low consumption LR is more likely to fall back to legacy operation with the MR due to interferers, while another UE with sufficient filtering and LO quality will not need to fall back to MR operation as often. The handover logic is unique to each UE implementation and is integral to the support of this feature.
To encourage implementation in UE despite the complications of executing the LR to MR switch, the requirements for one of the FR1 variants have been relaxed from the baselines derived in previous sections. For FR2, the specified requirement was tightened relative to the analytically derived value because the requirements were deemed ‘too relaxed’ to the casual observer.
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