	
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]3GPP TSG-RAN WG4 Meeting #90bis                                                            R4-1903249
Xi’an, China, 8th – 12th April, 2019

[bookmark: _GoBack]Source: 	CATT
Title: 	Discussion on FR1 OTA REFSENS
Agenda item:	5.1.2.2
[bookmark: DocumentFor]Document for:	Agreement 
1. Introduction
In RAN4 #90 meeting, the agreed contribution[1,2]clarified in the definition of OTA REFSENS RoAoA that the contour and REFSENS applies with combining active shown as following:
	
	Reason for change:
	The definition of the OTA REFSENS RoAoA is currently somewhat ambigous, as it does not fully clarify that it is the 3dB sensitivity contour with adaptation towards the angle of arrival, not the contour of a locked receiver pattern.

	
	

	Summary of change:
	Clarification in the definition that the contour and REFSENS applies with combining active

	
	

	Consequences if not approved:
	Risk of assuming the wrong contour and incorrect requirements.




OTA REFSENS RoAoA: the RoAoA determined by the contour defined by the points at which the achieved EIS at each point on the contour is 3dB higher than the achieved EIS in the reference direction assuming that for any AoA, the receiver gain is optimized for that AoA.
NOTE:	This contour will be related to the average element/sub-array radiation pattern 3dB beam width.


This paper will discuss whether the formula of FR1 OTA reference sensitivity level using beamwidth of  OTA REFSENS RoAoA applies to the NR BS as a system and how to include baseband combining of received signals from all active receivers connecting all element/sub-array.
2. Discussion
In TR 38.843, OTA REFSEN level is defined as the following:
	The OTA REFSENS level (EISREFSENS) depends on the equivalent directivity of a passive antenna pattern which has the same beam width(s) as the AAS element or sub-array (declared via OTA REFSENS RoAoA) and can be calculated in dBm as follows:

	






Based on above definition, the beam-width(s) of declared OTA REFSENS RoAoA is the same as the beam width(s) of AAS element or sub-array. So the Elliot’s formula for OTA REFSENS level  is only the directivity of AAS element or sub-array in reference direction and does not include the baseband combining gain. Where,  and  are the beam-width(s) of declared OTA REFSENS RoAoA in -axis in degrees respectively.
Observation 1: The Elliot’s formula for OTA REFSENS level based on the beam-width(s) of declared OTA REFSENS RoAoA is only directivity of AAS element or sub-array in reference direction and does not include the baseband combining gain.




For example, for a NR BS with eight receivers connecting eight sub-array each with 15dBi and 90degree H-HPBW and 11.4degree V-HPBW radiation pattern respectively, the shape of the contour of eight receivers with baseband combining(red star line shown in Figure 2-1) and the shape of the contour of one receiver (red line shown in figure 2-1) are the same in azimuth plane. So the beamwidth of contour of eight receivers and eight sub-arrays with baseband combining is same with beamwidth of the contour of one receiver and one sub-array. So the beam-width of OTA REFSENS RoAoA for NR BS with baseband combining is same beam-width of its AAS element or sub-array, that is, and. So the directivity for OTA REFSENS using Elliot’s formula  is just only equal to the gain of subarray, which does not include 9dB baseband combing gain. The Figure 2-1 also shows the directivity gain (24.03dBi) of eight receivers and eight sub-arrays with baseband combining is 9dB larger than directivity (14.99dBi) estimated with Elliot’s formula. So the actual EIS in contour is 9dB less than the EIS estimated with Elliot’s formula. So for FR1 NR BS with baseband combining of received signals from all active receivers, the actual EIS in OTA REFSENS RoAoA can be X dB less than the EIS estimated with Elliot’s formula, where X dB is related to number of receivers.

Observation 2: For FR1 NR BS with baseband combining of received signals from all active receivers, the actual EIS in OTA REFSENS RoAoA can be X dB less than the EIS estimated with Elliot’s formula, where X dB is baseband combining gain which is related to number of receivers.


 [image: ]    [image: ]
Figure 2-1 Contour and gain comparison of multiple receivers with baseband combining
(left: AoA within all drictions, right: AoA within 3dB contour)


The X dB baseband combining gain is part of OTA reference sensitivity, but there is not clarification for baseband combining gain in the formula in TR37.843. we propose to add the baseband combining gain for OTA REFSENS level (EISREFSENS) as the following:

	
Where, 

            is the estimated antenna peak directivity in dBi of a AAS element or sub-array, which has a beam pattern related to the AAS BS OTA REFSENS RoAoA region. 


           is the baseband combining gain of received signals from all active receivers. To accommodate the requirement already defined in the specification,  for minimum OTA reference sensitivity can be assumed to 0 dB as a worst case.


, and  have the same definition as those defined in the TR37.843.
So, we propose:

Proposal 1:  Change the EISREFSENS as the following and assuming =0 as the worst case in the specification. 



3. Conclusion
This contribution discussed FR1 OTA REFSENS and gave our observations and proposals.

Observation 1: The Elliot’s formula for OTA REFSENS level based on the beam-width(s) of declared OTA REFSENS RoAoA is only directivity of AAS element or sub-array in reference direction and does not include the baseband combining gain.
Observation 2: For FR1 NR BS with baseband combining of received signals from all active receivers, the actual EIS in OTA REFSENS RoAoA can be X dB less than the EIS estimated with Elliot’s formula, where X dB is baseband combining gain which is related to number of receivers.


Proposal 1:  Change the EISREFSENS as the following and assuming =0 as the worst case in the specification. 
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