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Introduction
In the RAN#103 meeting, new WID for Rel-19 BS RF evolution has been approved and it’s expected to start the normative work from this April meeting. In last RAN4 meeting, we have some initial discussions on the necessity of improvement of co-location issues. In this contribution, we would like to share some views on the OTA co-location requirements.
	· Issue 3-1: Co-location reference antenna
Agreement:
· Step 1: further investigate the improvement of the co-location reference antenna if necessary; 
· Step 2: If this is agreeable, then further discuss e.g. the relevant scenarios,  applicable antenna types or define requirements on OTA parameters such as field-strength or power density



[bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK20]Discussion 
Co-location test antenna is specified in clause 4.12.2.2 and 4.12.2.3 in TS 38.141-2 based on the 30dBc MCL inherited from 3G phase under the assumption that two passive antennas with some mechanical downtilt towards the ground and deployed in the same location as shown in the following way. 


In Rel-15 NR, it was agreed to assume co-location test antenna as a practical passive antenna used for conformance testing of the co-location requirements and it’s based on the definition of the co-location reference antenna. A CLTA shall comply with the requirements specified in table 4.12.2.2-1.
Table 4.12.2.2-1: CLTA characteristics [TS 38.141-2]
	Parameter
	In-band CLTA
	Out-of-band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	Test object vertical radiating length ±30%
(Note 2)

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	The half-power vertical beam width of the CLTA equals the narrowest declared (D.3) vertical beamwidth ±3°
(Note 2)

	Polarization (Note 3)
	Match (Note4)
	Match to in-band (Note 4)

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE 1:	If a multi-column or multi-band antenna is used the column closest to the NR BS shall be selected while other columns are terminated during testing.
NOTE 2:	The vertical radiating dimension definition shall be used instead of the vertical beam width definition when the test chamber dimensions limit the use of vertical beam width definition. Otherwise the vertical beam width definition shall be used.
NOTE 3:	For BS type 1-O with dual polarization the CLTA has two conducted interfaces each representing one polarization.
NOTE 4:	Matched to the polarization of EUT antenna.


However as clarified in contribution [2], the co-location between two AAS BS in high frequency ranges should be relevant e.g. band n41, n77, n78, n79 and n104 where massive AAS BS instead of BS with legacy RRU+passive antenna are deployed. From performance verification perspective in FR1 high bands, it should be better to check the performance degradation at AAS TAB connectors instead of at antenna connectors for legacy BS due to the change of BS architecture in FR1 high bands. 
Observation 1: at least in FR1 high bands e.g. band 41, n77, n78, n79 and n104, co-location between two AAS BS should be more relevant scenario. 
Additionally, based on port to port isolation results in [4], it seems that for other higher bands, co-location coupling loss will be increased compared with 30dB MCL assumption. 
Observation 2: for 2.5-6GHz, Antenna port to port isolation would be increased compared with MCL 30dB. 
Table 2.1-3: Antenna port-to-port isolation [4]
	Isolation [dB]

	Own frequency [GHz]
	Co-location frequency [GHz]

	
	0.45-2
	2-3.5
	3.5-6
	10
	20
	30
	40

	0.45-2
	30
	40
	50
	60
	70
	80
	90

	2-3.5
	40
	35
	45
	54
	66
	73
	83

	3.5-6
	50
	45
	40
	49
	60
	69
	76

	10
	60
	55
	50
	44
	55
	63
	72

	20
	70
	65
	60
	54
	50
	58
	66

	30
	80
	75
	70
	64
	60
	53
	61

	40
	90
	85
	80
	74
	70
	63
	56



Based on some other measurement results at antenna ports supporting 1427-2690MHz, the minimum coupling loss will be increased e.g. 45-60dBc which is much larger than 30dBc MCL. 
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In addition, as mentioned in [4], to achieve similar vertical beamwidth between high bands and lower band according to the assumption for Out-of-band CLTAs, this will lead to unpractical antenna implementation, whether to remove that restriction on low bands could be also considered. 
Proposal 2: consider whether to removal the restriction of Out-of-band CLTAs if there are FR1 high bands and FR1 low band coexistence scenario. 
Conclusions
In this contribution, we shared some initial views on co-location reference antenna concept in RAN4 and proposals are made as following: 
Observation 1: at least in FR1 high bands e.g. band 41, n77, n78, n79 and n104, co-location between two AAS BS should be more relevant scenario. 
Observation 2: for 2.5-6GHz, Antenna port to port isolation would be increased compared with MCL 30dB. 
Proposal 1: for FR1 high bands e.g. band 41, n77, n78, n79 and n104, to further investigate the co-location scenario between two AAS BS and testing point should focus on TAB connectors. 
Proposal 2: consider whether to removal the restriction of Out-of-band CLTAs if there are FR1 high bands and FR1 low band coexistence scenario. 
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(R 0mm 50 mm 300 mm 600 mm 500 mm
Min Mid Min Mid Min Mid Min Mid Min Mid
Port1 (Ant 1) to Port1 (Ant 2) -32.7 -40.1 -34.9 -41.7 -41.0 -45.3 -40.6 -44.8 -63.2 -60.2
Port2 (Ant1)toPort2 (Ant2)  -32.8 -42.0 -34.6 -442 -412 -40.4 427 481 595 -63.9
Port3 (Ant1)toPort3 (Ant2)  -44.9 -463 -443 -488 -49.6 -545 503 515  -586 -58.4
Port4 (Ant 1) to Port4 (Ant 2) -47.1 -49.7 -46.2 -50.7 -51.8 -56.0 -51.8 -55.1 -54.1 -54.3
Port5 (Ant 1) to Port5(Ant 2) 337 457 345 475 -39.9 511 529 -40.8  -54.2 563
Porté (Ant1)toPort6 (Ant2)  -31.7 -42.8 -321 -449 -369 -47.6 502 -384  -537  -50.2
Port7 (Ant 1) to Port7 (Ant 2) -46.8 -49.6 -48.9 -50.1 -54.2 -55.4 -51.5 -57.5 -56.6 -62.1
Port8 (Ant1)toPort8 (Ant2) ~ -47.7 -53.0 -49.4 551 515 572 -52.7 -56.8 -64.8 632
Ports (Ant1)toPortl (Ant2)  -36.1 -44.4 -353 -43.1 -381 -461 -40.9 ~-47.6  -62.8 -60.9
Ports (Ant1)toPort3 (Ant2) 450 -551 -454 -535 461 502 519 -59.1  -59.4 -60.7

Port29 (Ant 1) to Port27 (Ant 2) -46.9 -51.2 -46.9 -52.8 -49.8 -57.1 -50.9 -60.0 -57.7 -60.7
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