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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In RAN4 #72bis meetings, remaining UE RF requirements for 2ULs inter-band CA were discussed without consensus on the GNSS protection and general UE RX RF test cases. RAN4 just reached consensus to define MSD level for class A4 band combinations that MSD can be defined by taking average value of the results from interesting companies. So there still remain two main issues as follow
· General UE RX RF requirements
· GNSS protection by IMD/Harmonics from 2ULs signals
In this contribution, we propose alternative solutions to close 2ULs inter-band CA WI in Rel-12.
2. General UE RX requirements 
RAN4 started discussion on general RX requirements from UE RF #69AH meeting in Austin [1], and the same big CR [2] for 2ULs inter-band CA has been submitted for the past 6 months without consensus on RX RF test cases that should be defined in TS36.101.
UE vendors provided some contributions [3][4][5]. In these contributions, it is proposed that the REFSENS requirements is the only test case needed since the other test cases would not be worse than the case with 1UL CA operation when total UE Transmitter power is kept the same as single uplink UE. However some interested companies provided counter contributions [6][7]. It is proposed that all Rx requirements except for spurious emissions and Receiver image for 2UL inter-band CA should be defined to guarantee UE RX performance.
Table 1 show the summary how to treat remaining RX requirements in two parts.
Table 1 Comparison of necessary of RX requirements for 2ULs inter-band CA UE
	Rx requirements
	Proposal 1
	Proposal 2

	7.3 REFSENS
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed

	7.4 Maximum input level
	1UL/2DLs UE: Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Not Needed

	7.5 ACS
	1UL/2DLs UE: Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed for Class A4 UE

	7.6 Blocking characteristics
	In-band
	1UL/2DLs UE: Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed for Class A4 UE

	
	Out-of-band
	1UL/2DLs UE: Not Needed
2UL/2DLs UE: Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed

	
	Narrow band
	1UL/2DLs UE:  Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed for Class A4 UE

	7.7 Spurious response 
	1UL/2DLs UE:  Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed

	7.8 Intermodulation characteristics
	1UL/2DLs UE:  Needed
2UL/2DLs UE: Not Needed
	1UL/2DLs UE: Needed
2UL/2DLs UE: Needed for Class A4 UE



From the analysis, we can propose 4 options to close 2UL CA WIs within Rel-12 time frame.
For the test cases, we assumed UL power as PCMAX_L,c – 7dBm for 2ULs CA test except REFSENS requirements (with PCMAX_L,c – 3dBm). 

· Option1) Define REFSENS + OOB requirements in TS36.101 for 2ULs inter-band CA UE
· 1ULs/2DLs UE: All 1UL/2DLs CA UE should be tested (Exception in OOB).

· Option2) Define REFSENS + ACS + OOB in TS36.101 for 2ULs inter-band CA UE
· 1ULs/2DLs UE: 1UL CA UE can skip ACS, OOB tests.

· Option3) Define all RX requirements except spurious emission and receiver image in TS36.101 for 2ULs inter-band CA UE  with PCMAX_L,c – 6dBm
· 1ULs/2DLs UE: 1UL CA UE can skip except REFSENS.

· Option4) Define all RX requirements for 2UL inter-band CA UE except maximum input level, Test cases can be selected according to inter-band CA Class 
· 1UL/2DLs UE : All 1UL/2DLs CA UE should be tested

We slightly prefer option1 and 2 to compromise with two parts and RAN4 should be close WI in rel-12. RAN4 can send LS to RAN5 which RX requirements are to be tested or skipped.
Proposal 1: RAN4 should determine one of these options to define remaining RX requirements.

Table 2 Candidate options for general RX requirements
	Rx requirements
	
	Test Necessity

	
	CA UE
	Option1
	Option2
	Option3
	Option4

	7.3 REFSENS
	1UL/2DLs UE
	O
	O
	O
	O

	
	2UL/2DLs UE
	O
	O
	O
	O

	7.4 Maximum input level
	1UL/2DLs UE
	O
	O
	X
	O

	
	2UL/2DLs UE
	X
	X
	O
	X

	7.5 ACS
	1UL/2DLs UE
	O
	X
	X
	O

	
	2UL/2DLs UE
	X
	O
	O
	O

	7.6 Blocking characteristics
	IBB
	1UL/2DLs UE
	O
	O
	X
	O

	
	
	2UL/2DLs UE
	X
	X
	O
	O

	
	OOB
	1UL/2DLs UE
	X
	X
	X
	O

	
	
	2UL/2DLs UE
	O
	O
	O
	O

	
	NBB
	1UL/2DLs UE
	O
	O
	X
	O

	
	
	2UL/2DLs UE
	X
	X
	O
	O

	7.7 Spurious response 
	1UL/2DLs UE
	O
	O
	X
	O

	
	2UL/2DLs UE
	X
	X
	O
	O

	7.8 Intermodulation characteristics
	1UL/2DLs UE
	O
	O
	X
	O

	
	2UL/2DLs UE
	X
	X
	O
	O


3. GNSS Protection issues for 2ULs CA UE 
RAN4 has discussed how to define the GNSS protection in Rel-12 time frame, but this issue also has not reached consensus in last RAN4 meeting. At the evening the ad-hoc meeting, network signalling method is one possible solution, but it also has some issue such as how to define the network signalling or which network signalling is needed in RAN WG2. 
Table 3 shows variable candidate solutions in last RAN4 meeting [8].
Table 3 GNSS protection methods
	
	GNSS Protection methods

	
	Option1
	Option2
	Option3
	Option4
	Option5

	
	P-MPR
	Network signaling
	A-MPR
	Network signaling + MPR
	Autonomous Scell deactivation

	Procedure
	1) UE recognize the problem of GNSS protection
2) UE apply P-MPR not to impact on GNSS receiving
	1) UE recognize the problem of GNSS
2) UE send message to eNB for the problem of GNSS
3) eNB scheduler deactivated the Scell and  reconfigure
	1) UE recognize the problem of GNSS
2) UE apply A-MPR not to impact in GNSS receiving
	1) UE recognize the problem of GNSS
2) UE send message to eNB for the problem of GNSS
3) eNB scheduler reconfigure UE
4) UE apply MPR
	1) UE recognize the problem of GNSS
2) UE deactived Scell
3) UE send message to eNB

	Pros

	1. Simple
2. Can be defined in Rel-12
3. No impact to other WGs
	1. Simple
2. Can be defined in Rel-12
3. Decrease UE dependency
	1. Correct A-MPR by RB positioning and # of RB
2. No impact to other WG
	1. Correct MPR by RB positioning and # of RB
2. Best solution
	1. Simple
2. Can define in Rel-12
3. No impact to other WG

	Cons

	1. Depend on UE decision 
2. Reduce cell coverage by overestimated P-MPR
	1. Depend on eNB decision
2. Impact to RAN WG2
	1. Can Defer to Rel-13 due to time limitation
2. Not simple
	1. Can Defer to Rel-13 due to time limitation
2. Need more time and effort
	1. Depend on UE decision 
2. Impact to 2ULs utility



From these observation, we prefer option2 if network signalling method can be finalized in Rel-12 time frame. 

Proposal 2: RAN4 should determine network signaling as a method to protect GNSS.
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4. Conclusions
	In this contribution, we analyze the impact according to the variable options for remaining RX requirements and GNSS problems. From the analysis, we propose our preference and solutions to close 2ULs inter-band CA WI in rel-12 as follow
Proposal 1: RAN4 should determine one of these options to define remaining RX requirements.
Proposal 2: RAN4 should determine network signaling as a method to protect GNSS.
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