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1 Introduction

In RAN4 #89 a LS to RAN1 and RAN5 on NR antenna test function (ATF) measurement was approved [1]:

	1. Overall Description

The approved test method in [1] for Rel-15 NR UE demodulation requirements at FR2 uses a subset of the Radiated Two Stage over-the-air (OTA) test method. The RTS method is enabled by measurement made by the UE which are generally referred to as the Antenna test Function (ATF).  The Rel-15 UE FR2 demodulation requirements are defined for a non-spatial line-of-sight test signal. To calibrate a wireless connection to the UE, a new per branch synchronization signal RSRP (SS-RSRPB) was defined in subclause 4.2 of [1], in subclause 5.5 of [2], and in subclause 5.1.18 of [3]. 

This definition of a per branch amplitude measurement is a subset of the full RTS ATF, which also includes the relative phase per branch. In Rel-15, since the only use for the ATF was line of sight testing without need for UE antenna pattern measurement, only the SS-RSRPB was required. However, in Rel-16 it is planned to include requirements that include spatial channel models like what was done with SCME for LTE [4]. For the harmonized RTS method [5] which is referenced in the new SI [4], it will be necessary to extend the ATF definition for NR to include the equivalent of the Reference Signals Antenna Relative Phase (RSARP) measurement defined for LTE in [6].

As noted in the draft RAN4#88-bis meeting report, the following proposals in [7] were endorsed:

Proposal 1: Define a per branch relative phase UE measurement for NR FR2 like RSARP for LTE in 36.509.

The scope of the new SI also includes FR1 and so it is also necessary to extend the applicability of SS-RSRPB and the new per branch relative phase measurement to include FR1.

Proposal 2: Extend the applicability of SS_RSRPB and the new per branch relative phase measurement to FR1.
For Rel-15, the RSRPB measurement was added to 38.215 to make it more visible than in 38.509, and this approach should be continued for the definition of an NR RSARP measurement.
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3. Actions:

To RAN WG1 and WG5

RAN4 respectfully asks RAN1 and RAN5 to take into account the decisions on per branch relative phase in the future work for Release 16 with the necessary CRs to 38.215 and 38.509 to match what was done for LTE RSARP measurements in 36.509.


The LS [1] does not include details of the proposed RSARP measurements, which complicates introduction of the corresponding measurement definition in TS 38.215 since the LTE measurements cannot be directly reused. In this contribution we provide further details of the RSARP measurements and recommend to send a follow up LS to RAN1/RAN5 to clarify the details of the RSARP measurements. 
In addition, we provide views on the RSARP measurement accuracy and UE implementation impacts on RSARP.
2 Discussion

2.1 NR RSARP measurement definition
RSARP (Reference Signal Antenna Relative Phase) measurements are used for tracking of relative phases of signals coming to different RX antennas. In LTE the RSARP measurement was defined as the relative phase difference between the signals on the two different RX chains. The respective definition was introduced in TS 38.988 [2] to facilitate MIMO OTA testing using an RTS OTA method:
	Table 5.3-1: Reference Signal Antenna Relative Phase (RSARP) definition

Definition

Reference signal antenna relative phase (RSARP), is defined as the difference between the average phase of the resource elements that carry cell-specific reference signals across the entire LTE channel bandwidth received by the reference antenna (chosen here as Rx0) and the average phase of the resource elements that carry cell-specific reference signals across the entire LTE channel bandwidth received by one other receiver antenna (Rx1 .. Rxn).

For RSARP determination, the cell-specific reference signals R0 according to TS 36.211 [3] shall be used.

The reference point for the RSARP shall be the antenna connector of the UE.

Measurement period

Since the signal is static there is no minimum measurement period defined but a figure of one 10 ms subframe is suggested.

Applicable for

RRC_CONNECTED intra-frequency

Note 1: The number of resource elements within the measurement period that are used by the UE to determine RSARP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Note 2: The phase per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.


The LTE RSARP definition itself cannot be directly reused for NR and additional clarifications are needed including the measurement resources, RRC state, range, granularity, etc. The following framework for RSARP measurements is suggested for NR:
· Measurements resources: The RSRPB measurements are defined using SSS (SS-RSRPB). To simplify UE implementation (e.g. enable parallel RSRPB and RSARP calculation) SSS resources are recommended to be used similar to the SS-RSRPB measurements. PBCH DMRS and CSI-RS can be potentially used to improve the accuracy, however typically the requirements assume SSS processing and don’t require DMRS or CSI-RS processing.
· Similar to SS-RSRPB measurements shall be performed in the RRC_CONNECTED mode only and applicable in the TEST LOOP mode only.
· Metrics: The key purpose of the RSARP measurement is to identify the relative difference between the signals corresponding to different RX chains. The following metrics similar to LTE can be used: “difference of the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by the reference individual receiver branch (Rx0) and the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by one other individual receiver branch (Rx1 .. Rxn)”
· Range: The existing LTE range of reported values (0 to 360 degrees) can be reused.
· Granularity: LTE RSARP is reported with 0.01 deg granularity. The NR measurement accuracy is not expected to achieve that high accuracy at least for the case of using only SSS resources (for high SNR accuracy does not exceed ±0.1 deg – see section 2.2), and more rough granularity can be used potentially used for reporting.
The following SS reference signal antenna relative phase (SS-RSARP) measurement definition is proposed to be used. 
Table 1. SS-RSARP definition

	Definition

	SS reference signal antenna relative phase (SS-RSARP) is defined as the difference of the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by the reference individual receiver branch (Rx0) and the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by one other individual receiver branch (Rx1 .. Rxn). The measurement time resource(s) for SS-RSARP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

SS-RSARP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSARP measurements, then SS-RSARP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSARP shall be the antenna connector of the UE. For frequency range 2, SS-RSARP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for

	RRC_CONNECTED intra-frequency



	NOTE 1:
The number of resource elements within the measurement period that are used by the UE to determine SS-RSARP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2:
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.


Proposal #1:
Introduce SS-RSARP measurement as defined in Table 1.
2.2 RSARP accuracy
In the figure below, we illustrate the results of the initial phase difference accuracy analysis for the case of single-shot SSS processing. It may be observed that that achievable accuracy even for high SNR does not exceed 0.1 deg. We recommend RAN4 to further discuss the achievable accuracy for the practical conditions and take into account the respective values for the MU/TT definition for MIMO OTA requirements. 
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Figure 1. SS-RSARP accuracy
Proposal #2:
RAN4 to discuss the RSARP accuracy and impact on the MIMO OTA test methods MU/TT.
2.3 RX chain power/phase stability

The relative phase between the RX chains at the UE side as well as relative per-branch receive power may change over time, especially on long term time scales. The existing RF/BB requirements do not mandate UE to maintain constant relative phase. Therefore, for the RSARP measurement it is not expected that UE can combine the measurements from multiple occasions (multiple SSS transmissions). It is recommended to further discuss the impacts of phase stability on the RTS test methods. 

Proposal #3:
Further discuss the impacts of relative RX branches phase/power variation on RSARP/RSRPB measurements and RTS test method MU.
2.4 SS-RSRPB and SS-RSARP measurements capabilities
The applicability of the newly introduced SS-RSRPB and SS-RSARP measurements capabilities shall be clarified. The Rel-15 UEs are mandated to support FR2 SS-RSRPB measurements to facilitate performance testing. FR1 SS-RSRPB and FR1/FR2 SS-RSARP measurements are required to allow UE to pass the NR FR1 and FR2 MIMO OTA testing in R16+. The MIMO OTA requirements are at this moment are not a part of mandatory conformance testing. So, the respective capabilities are recommended to be introduced as optional UE features without UE capability signalling (i.e. up to UE declaration). In addition, the timelines for introduction of the OTA requirements are still FFS (could potentially be introduced after Rel-16). Therefore, it should be further discussed whether the respective features shall be added in the R16 or later specifications.

Proposal #4:
Introduce FR1 SS-RSRB, FR1 SS-RSARP and FR2 SS-RSARP as optional UE features without capabilities signalling. 
3 Conclusion

In this contribution we provide further details of the RSARP measurements and recommend to send a follow up LS [3] to RAN1/RAN5 to clarify the details of the RSARP measurements. In summary we make the following proposals:

Proposal #1:
Introduce SS-RSARP measurement as defined in Table 1.
Proposal #2:
RAN4 to discuss the RSARP accuracy and impact on the MIMO OTA test methods MU/TT.
Proposal #3:
Further discuss the impacts of relative RX branches phase/power variation on RSARP/RSRPB measurements and RTS test method MU.
Proposal #4:
Introduce FR1 SS-RSRB, FR1 SS-RSARP and FR2 SS-RSARP as optional UE features without capabilities signalling. 
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