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1 Introduction

RAN4 received an LS [1] from RAN1 where RAN4 is asked to provide the definition of a reference point for RSTD measurements in FR2 and inform whether it is applicable to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA. 
In [1], it is also stated:

For the reference point of RSTD measurements in FR2, RAN1 has considered the following two options for the definition of the reference point of RSTD measurements:

•
Option 1: the combined signal from antenna elements corresponding to a given receiver,
•
Option 2: the Rx antenna of the UE.
and

In addition, it is RAN1’s view that the definition of the reference point of the RSTD measurement, if decided, can be extended to other timing related UE and gNB measurements in FR2.

2 Discussion
In LTE (TS 36.214), the reference point for eNB Rx-Tx (a.k.a. Timing Advance Type 2) is defined as follows:

· The reference point for TeNB-RX shall be the Rx antenna connector.
· The reference point for TeNB-TX shall be the Tx antenna connector.
Already in LTE there are different types of base stations:

· Base stations meeting only conducted requirements (TS 36.104, TS 37.104) for which the reference point definition in TS 36.214 is applicable,
· Base stations meeting radiated over-the-air (OTA) and hybrid requirements (TS 37.105) for which the reference point for eNB Rx-Tx time difference measurements is currently missing in TS 36.214.

Different base station types are also defined in NR:
· BS type 1-C meeting only conducted requirements,
· BS type 1-H meeting hybrid requirements,
· BS type 1-O and 2-O meeting only radiated requirements.
Note that there is no strict one-to-one matching between base station types and frequency range. Therefore, also the reference point definition for base stations shall be adapted accordingly. Namely, we propose the following.
· Proposal 1: The reference point for base station timing related measurements (e.g., Rx-Tx or Timing Advance Type 2) shall be defined not with respect to FR1 or FR2 but depending on the base station type and the associated radiated/conducted interfaces and sets of the requirements:

· For base station (NR or LTE) meeting only conducted requirements (e.g., type 1-C for NR [5] or non-AAS BS [3]), the reference point for the base station timing related measurements is the rx antenna connector.

· For base station (NR or LTE) meeting radiated requirements (e.g., type 1-O for NR [5] or OTA AAS BS for LTE [4]), the reference point for the base station timing related measurements is the Transceiver Array Boundary.

· For base station (NR or LTE) meeting hybrid requirements (e.g., type 1-H for NR [5] or Hybrid AAS BS [4]), the reference point for the base station timing related measurements is the Transceiver Array Boundary connector.
· Proposal 2: In LTE, the reference point for eNB Rx-Tx is currently defined only for base stations meeting conducted requirements, while the reference points for base stations meeting radiated or hybrid requirements (AAS base stations) are missing and need to be clarified in TS 36.214.

In [1], also UL RTOA measurements are mentioned. In NR, UTDOA measurements are to be performed by gNB-DU, so the reference point shall be defined following the principle in Proposal 1 but with respect to gNB-DU.
· Proposal 3: The same approach as proposed in Proposal 1, shall also apply for NR UTDOA measurements (e.g., UL TDOA or UL TOA measurements), but more specifically the measurements and the reference points shall be defined for gNB-DU.
3 Example BS Measurement Reference Point Definition in LTE
In TS 36.214, the reference point definition for eNB Rx-Tx time difference measurement needs to be updated, e.g., as follows:
5.2.5
eNB Rx – Tx time difference
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX
Where:

T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.

The reference point for TeNB-RX shall be: 
 the Rx antenna connector for non-AAS base station [TS 36.104],
 the Transceiver Array Boundary for OTA AAS base station [TS 37.105],
 the Transceiver Array Boundary (TAB) connector for Hybrid AAS base station [TS 37.105].
T eNB-TX is the eNB transmit timing of downlink radio frame #i.

The reference point for TeNB-TX shall be:

 the Tx antenna connector for non-AAS base station [TS 36.104],
 the Transceiver Array Boundary for OTA AAS base station [TS 37.105],
 the Transceiver Array Boundary (TAB) connector for Hybrid AAS base station [TS 37.105].


4 Example Measurement Reference Point Definition in NR
In TS 38.215, the reference point definition for UE Rx-Tx and gNB Rx-Tx time difference measurement could be, e.g., as follows:
5.1.x UE Rx – Tx time difference
	Definition
	<…>

The reference point for the UE Rx – Tx time difference measurement shall be:

 the UE antenna connector in FR1,

 the point of the combined signal from antenna elements corresponding to a given receiver branch in FR2. 


5.2.x eNB Rx – Tx time difference
	Definition
	<…>
The reference point for TgNB-RX shall be:

 the Rx antenna connector for type 1-C base station [TS 38.104],

 the Transceiver Array Boundary for type 1-O or 2-O base station [TS 38.104],

 the Transceiver Array Boundary connector for type 1-H base station [TS 38.104].

The reference point for TgNB-TX shall be:

 the Tx antenna connector for type 1-C base station [TS 38.104],

 the Transceiver Array Boundary for type 1-O or 2-O base station [TS 38.104],
 the Transceiver Array Boundary (TAB) connector for type 1-H base station [TS 38.104].


5 Summary

The following have been proposed in this contribution:
· Proposal 1: The reference point for base station timing related measurements (e.g., Rx-Tx or Timing Advance Type 2) shall be defined not with respect to FR1 or FR2 but depending on the base station type and the associated radiated/conducted interfaces and sets of the requirements:

· For base station (NR or LTE) meeting only conducted requirements (e.g., type 1-C for NR [5] or non-AAS BS [3]), the reference point for the base station timing related measurements is the rx antenna connector.

· For base station (NR or LTE) meeting radiated requirements (e.g., type 1-O for NR [5] or OTA AAS BS for LTE [4]), the reference point for the base station timing related measurements is the Transceiver Array Boundary.

· For base station (NR or LTE) meeting hybrid requirements (e.g., type 1-H for NR [5] or Hybrid AAS BS [4]), the reference point for the base station timing related measurements is the Transceiver Array Boundary connector.
· Proposal 2: In LTE, the reference point for eNB Rx-Tx is currently defined only for base stations meeting conducted requirements, while the reference points for base stations meeting radiated or hybrid requirements (AAS base stations) are missing and need to be clarified in TS 36.214.

In [1], also UL RTOA measurements are mentioned. In NR, UTDOA measurements are to be performed by gNB-DU, so the reference point shall be defined following the principle in Proposal 1 but with respect to gNB-DU.
· Proposal 3: The same approach as proposed in Proposal 1, shall also apply for NR UTDOA measurements (e.g., UL TDOA or UL TOA measurements), but more specifically the measurements and the reference points shall be defined for gNB-DU.

Based on the discussion above, draft response LS is provided in [2].
6 References
[1]
R1-1907869, LS on Reference Point for Timing Related Measurements, RAN1, May 2019.
[2] R4-1909460, Draft Response LS on Reference Point for Timing Related Measurements, Ericsson, Aug. 2019.
[3] TS 36.104, Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception.

[4] TS 37.105, Active Antenna System (AAS) Base Station (BS) transmission and reception.

[5] TS 38.104, NR; Base Station (BS) radio transmission and reception.
PAGE  
3

