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1 	Introduction
In last meeting, there is WF about SS-RSRP testing:
	For ideal SS-RSRP for testing absolute SS-RSRP:
· Companies to investigate the possibility of combining method 2 and method 3
· Companies to investigate how to determine absolute values of minimum antenna gain and maximum antenna gain for method 3.
· Results are needed for fine beam and also for rouge beam depending on the specific test case for setup 1 and setup 2.
· The same principle applies regardless of UE power class or band. But the values may differ. 
For testing relative accuracy, other methods are not precluded.


This contribution is updated about how to test the RRM performance for FR2.
2 Test scenarios
In the NR Testability discussion, type 1”fine beam” and type 2 ”rough beam” are defined in [1].
	The following Types of RRM requirements have been identified and can be supported by the NR RRM Test Methods:
-	Type 1: 
-	RRM requirements defined under the assumption that the UE is using “Fine” UE RX beams.
-	“Fine” UE RX beams are the beams used by the UE to perform PDSCH reception and used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
-	Type 2: 
-	Requirements defined under the assumption that the UE is using “Rough” UE RX beams.
-	“Rough” UE RX beams are the beams which the UE is using for RRM measurements (e.g. for SSB measurements)



For radio link monitoring (RLM) and L1-RSRP related beam management, more accurate beam will be used to improve link quality, then fine beam is more proper. For mobility purpose, e.g. RSRP/RSRQ/SINR related test, type 2 “rough” beam will be used.
Proposal 1: For RLM and L1-RSRP related beam management, fine beam will be used. For RSRP/RSRQ/SINR mobility related test, “rough” beam will be used.
There are 3 general scenarios: 
	The following Scenarios for RRM requirements have been identified and can be supported by the NR RRM Test Methods:
-	Scenario 1: 
-	RRM requirement with single Angle of Arrival (1 AoA) with signal and noise coming from RX beam peak direction.
-	Scenario 2: 
-	RRM requirement with single Angle of Arrival (1 AoA) with signal and noise coming from RX non-beam peak direction.
-	Scenario 3: 
-	RRM requirement with two Angle of Arrivals (2 AoAs).



For RSRP/RSRQ/SINR testing, 1 AoA is preferred. 
Proposal 2: For RSRP/RSRQ/SINR testing, 1 AoA test of scenario #1 is considered.
3 RSRP accuracy measurement method for FR2
For absolute RSRP accuracy which is defined as 
RSRP delta = measured RSRP- ideal RSRP
Step 1: calculation of ideal RSRP (P1):
Reference signal with high power is sent out from Tx side. At reference point B as shown in Fig.1, RSRP is measured after beamforming which is mainly signal power and can be considered as ideal RSRP. 
Step 2: calculation of measured RSRP(P2):
Reference signal and artificial noise with SNR=-6dB is sent out from Tx side. The reference signal power is the same as that of step 1. RSRP is measured after beamforming with the side condition of SNR=-6dB. The measured RSRP includes reference signal power, artificial noise power and thermal noise power. Thermal noise is very low and can be omitted. 
Step 3: calculation of RSRP delta(P3)
RSRP delta can be deduced by the previous two steps in dB units, where
P3 = P2-P1
In step 1 and step 2, both the ideal RSRP and measured RSRP may include RF error. However, since RSRP delta is the deduction of the two RSRP values, the RF impact can be cancelled. RSRP delta is the baseband inaccuracy. 


Fig.1 RSRP definition

4 Analysis of method 2 and method 3
In [2], 4 methods are summarized for FR2 RRM test.
	Method
	Proposal
	Comments

	1
	Use of single AoA in RRM  tests
	Simplifies relative accuracy since two signals with single AoA has the same receive antenna gain. Does not address absolute accuracy. It was agreed in RP-182149 that all RRM tests in Q3/4 2018 use single AoA. Can also be used with methods 2,3,4

	2
	UE is used as a reference for itself
	Basic method is that UE measurement reports in near noise-free conditions are used as a reference for UE noisy measurements in the testing phase. Depends on the basic premise that the UE measurement reports in near noise-free conditions are correct.

	3
	Test limits are determined based on minimum and maximum allowable antenna gain
	All absolute and relative accuracy requirements may be checked with any AoA, spatially realistic tests are possible Time consuming to reach agreement on antenna gain limits in RAN4 
Test could be limiting to implementations if antenna gain limits are not well chosen in RAN4

	4
	Absolute SS-RSRP bounds are determined using measured TRS, EIS and agreed limits on antenna efficiency
	Not directly applicable for “rough” beam since EIS and TRS are determined with fine beam. Further discussion on the allowable difference between rough and peak beam would be necessary (proposal 1). Only applicable in peak beam direction, which is a significant limitation.



Method 2
Our proposed method in section 3 are categorized into method 2. The test includes two steps to calculate the ideal RSRP and measured RSRP respectively. The RSRP accuracy can be the delta of two measure results. However, the drawback of the method is that the reported results will be impacted by RF related impairments. There will be some uncertainty when UE is used as a reference for itself. The advantage of this method is that it can test the baseband measurement accuracy without aligning beamforming gain and other RF related loss.
Proposal 3: For method 2, it can test the baseband measurement accuracy without aligning beamforming gain and other RF related loss.
Method 3
For method 3, minimum and maximum beamforming gain will be considered to derive the ideal metric. However, in order to test the absolute RSRP, antenna gains information is not sufficient. The BB RSRP can be derived as RSRPBB = RSRPRP + GUE + ILUE. Where RSRPRP is the RSRP at reference point A as shown in Fig.1. GUE is antenna gain. ILUE is the RF implementation loss. 
Therefore, both beamforming gain range and RF implementation loss needs to be aligned. For ILUE, there has been a long time discussion in RF room. The beamforming gain range for rough beam are still open depends on the codebook.  One important thing is that If GUE + ILUE is very large, it’s hard to judge whether the baseband measurement accuracy is sufficient or not.  Some company can declare large delta of beamforming gain to compensate for the inaccuracy of baseband measurement.

Observation 1: If the sum of beamforming gain range and RF implementation loss is very large, it’s hard to judge whether the baseband measurement accuracy is sufficient or not.  

Observation 2: Large delta of beamforming gain can also compensate for the inaccuracy of baseband measurement.

Proposal 4: for method 3, both beamforming gain range and RF implementation loss needs to be aligned. It may be time consuming to get these results.

5 Combined method 
Here, a combined method is proposed to solve the drawback of method 2 and 3.
Step 1: beam peak is founded using SS-RSRP or SS-SINR reporting. 
For instance, the beam peak direction can be found using the SS-RSRP or SS-SINR reporting. SS-SINR reporting method can be more preferable due to lack of RF margins and better accuracy (±3dB accuracy). The existing RX beam peak search procedure based on the SS-RSRP defined for the RF test methods can be adjusted to support the SS-SINR metric instead.
Step 2: Based on method 3. As shown in Fig.1, Ideal RSRP at reference point A is known in advance. UE will report the measured RSRP at reference point B. The delta RSRP range can be derived by the measured RSRP and ideal RSRP which includes all factors, i.e. RF implementation loss, beamforming gain, BB inaccuracy. The RSRP delta should satisfy the accuracy requirements, if it pass the test, it can continue to go to step 3. If it failed, then there is no need to go to step 3.

Step 3: Based on method 2, measure the RSRP accuracy to test the mainly baseband accuracy. The detail step is described in section 3.

UE will pass the measurement accuracy test if only it pass the two method simultaneously. Step 2 can guarantee that the RF impairment can be included. Step 3 can guarantee the baseband accuracy without considering the impact of big beamforming gain range. 
Proposal 5: Propose a combine method to test FR2 absolute RSRP accuracy:
    Step 1: beam peak is founded using SS-RSRP or SS-SINR reporting. 

    Step 2: Based on method 3. The delta RSRP range can be deduced by the measured RSRP at reference B and ideal RSRP at reference point A, which includes all factors, i.e. RF implementation loss, beamforming gain, baseband inaccuracy. The RSRP delta should satisfy the accuracy requirements, if it pass the test, it can continue to go to step 3. If it failed, then there is no need to go to step 3.

   Step 3: Based on method 2, measure the RSRP accuracy to test the mainly baseband accuracy. The detail step is described in section 3.

   UE will pass the measurement accuracy test if only it pass the two method simultaneously.







6 Conclusion
In this contribution, we propose measurement requirement and procedure for FR2.

Proposal 1: For RLM and L1-RSRP related beam management, fine beam will be used. For RSRP/RSRQ/SINR mobility related test, “rough” beam will be used.
Proposal 2: For RSRP/RSRQ/SINR testing, 1 AoA test of scenario #1 is considered.
Proposal 3: For method 2, it can test the baseband measurement accuracy without aligning beamforming gain and other RF related loss.
Observation 1: If the sum of beamforming gain range and RF implementation loss is very large, it’s hard to judge whether the baseband measurement accuracy is sufficient or not.  

Observation 2: Large delta of beamforming gain can also compensate for the inaccuracy of baseband measurement.

Proposal 4: for method 3, both beamforming gain range and RF implementation loss needs to be aligned. It may be time consuming to get these results.

Proposal 5: Propose a combine method to test FR2 absolute RSRP accuracy:
     Step 1: beam peak is founded using SS-RSRP or SS-SINR reporting. 

     Step 2: Based on method 3. The delta RSRP range can be deduced by the measured RSRP at reference B and ideal RSRP at reference point A, which includes all factors, i.e. RF implementation loss, beamforming gain, baseband inaccuracy. The RSRP delta should satisfy the accuracy requirements, if it pass the test, it can continue to go to step 3. If it failed, then there is no need to go to step 3.

    Step 3: Based on method 2, measure the RSRP accuracy to test the mainly baseband accuracy. The detail step is described in section 3.

    UE will pass the measurement accuracy test if only it pass the two method simultaneously.

7 References
[bookmark: _Ref446505138][1] 38.810
[2] R4-1815591 “Ideal SS-RSRP in OTA tests”, Ericsson, RAN4 #89



image1.emf
TX side

RX side

beamforming

RSRP ref point B

RSRP ref point A


Microsoft_Visio_Drawing1111111111111.vsdx
TX side
RX side
beamforming
RSRP ref point B
RSRP ref point A



