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Introduction

In NR discussion, it is observed that companies do not have common coordinate system and submit contributions with their own coordinate system. 

It is beneficial to have a reference coordinate system. It would make the technical discussion easier and prevent delegates misunderstanding contributions from other companies.

In the last meeting, we proposed a reference coordinate system same as AAS system which is intended for NR BS implicitly [1]. However, it was not agreed. During the online discussion, a comment was received that different coordinate system has been adopted for UE in MIMO-OTA discussion. 

In this contribution, we discuss the reference coordinate systems for both NR BS and UE, and discuss how to decide them.

Discussion
To specify OTA requirements, a reference coordinate system is required. The importance of the coordinate system is not only for the specifications. It is also useful for technical discussion and it could make delegates understand contribution from other companies easier.

RAN4 already had experiences to discuss the reference coordinate system. For BS, we have an agreed reference coordinate system for AAS [2]. For UE, we have another one MIMO-OTA in [3] which is actually in its reference [4].

Figure 1 and 2 show the reference coordinate systems for AAS and MIMO-OTA, respectively. These reference coordinate systems are similar but not equivalent. The difference can be seen at the notation of the elevation angle, θ. In AAS system, θ is defined between -90° and 90°. 0° represents the direction perpendicular to the y/z plane. On the other hand, in MIMO-OTA system, θ is defined between 0° and 180°. 0° represents the direction of the z axis. 
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Figure 1 AAS reference coordinate system
Figure 2 MIMO-OTA reference coordinate system
Assuming that the candidates of the reference coordinate systems for NR are above two systems, we can consider the following options.

Table 1 Options for NR reference coordinate system

	
	NR UE coordinate system
	NR BS coordinate system

	
	Same as MIMO-OTA system
	Same as AAS system
	Same as MIMO-OTA system
	Same as AAS system

	Option 1
	○
	
	○
	

	Option 2
	○
	
	
	○

	Option 3
	
	○
	○
	

	Option 4
	
	○
	
	○


From UE point of view, options 1 and 2 are preferable because NR UE has the same coordinate system with the one adopted in MIMO-OTA system. We could consider the one for MIMO-OTA system a de-fact reference coordinate system for UE.

Among options, from BS point of view, options 2 and 4 are preferable because NR BS has the same coordinate system with AAS BS. It should be noted that the guiding principle for RAN4 work on NR RF was agreed which states the existing 3GPP requirements for LTE and MSR including AAS should be re-used for NR as much as possible. For this purpose, adopting same reference coordinate system for AAS and NR makes sense.

From above observation, option 2 looks preferable. However, adopting option 2 means we will have different reference coordinate systems for NR BS and NR UE. It is obvious demerit of the option 2.

We find no merit for option 3.

From the above observation and from the discussion in the previous meeting that could be summarized as RAN4 does not seem to support option 4, RAN4 should decide the reference coordinate system from options 1 and 2.

NEC makes the following proposal. NEC thinks the reference coordinate system is just a decision matter and we have not a strong preference on options. 

Proposal:
RAN4 should decide the reference coordinate system for NR from the following options.

Option 1: Coordinate system for MIMO-OTA is adopted for both NR UE and NR BS

Option 2: Coordinate system for MIMO OTA is adopted for NR UE, coordinate system for AAS is adopted for NR BS
Conclusion
In this paper, we discussed the coordinate system for NR and made the following proposal:

RAN4 should decide the reference coordinate system for NR from the following options.

Option 1: Coordinate system for MIMO-OTA is adopted for both NR UE and NR BS

Option 2: Coordinate system for MIMO OTA is adopted for NR UE, coordinate system for AAS is adopted for NR BS
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