3GPP TSG-RAN WG4 Meeting #90
R4-1901179
Athens, Greece, 25th February – 1st March 2019
Title: 
Other remaining issues in FR2 RRM test
Source: 
Huawei, HiSilicon
Agenda item:
6.13.3.2
Document for:
Discussion
1. Introduction

The FR2 RRM test design has been discussed in last two RAN4 meetings. As the test is based on OTA, there are many issues in the test method and test setup. One major issue is the AoA setup, which is addressed in our companion paper. Besides the AoA, there are also some other issues:
· Test mode (whether to define test without external noise)

· The Rx gain difference for two AoAs with the same Rx beam
· The assumption on the UE beam type (whether fine or rough beam is used in the test)
· The definition of ideal RSRP
In this paper we will provide our views on the above issues for the FR2 RRM test.
2. Discussion
2.1. Test mode
In the Testability discussion [1], two test modes have been agreed as feasible for RRM test
· Mode 1: TE emulates target SNR conditions 
· Mode 2: TE emulates desired signal only without artificial noise
In test mode 2, the only unwanted signal for the measurement is the thermal noise. As the useful signal part will pass through the Rx antenna system while the thermal noise does not, the SNR condition experienced at the UE baseband is heavily depending on the Rx beam gain, and it would be very hard to control. 

In other words, this test mode is more verifying the Rx beamforming performance but not the baseband measurement capability. Since the latter is the main motivation of RRM test case, we think mode 1 should be used for all RRM test cases. It should be noted that with mode 1, the difference at the reference point and the baseband is no more than 1dB, and a minimum Noc level will be defined based on certain antenna gain assumptions. It means if the UE is not doing Rx beamforming well, it will be punished by lower baseband SINR, so in this sense, the Rx beamforming performance is also verified by the test. 
In LTE, some test cases like the subtest 3 of the measurement accuracy test are defined around the minimum Io condition, but the test is defined based on the controlled SINR condition, and there are still external noise transmitted by the TE.
Proposal 1: Adopt test mode 1 (TE emulates target SNR conditions) for all RRM test cases.
2.2. Value of D parameter
For test cases defined based on 2AoA setup, the signal and noise transmitted by each probe should be set such that the resulted SINR is above -6dB. For intra-frequency test cases, signal from one probe is the useful signal and the other is the interference, so the baseband SINR will depend on the Rx beam gain in the two directions when UE is using the best Rx beam for the useful signal direction. In [1] it is agreed to further discuss the gain difference (D parameter) in the RRM session.

	· Case 2: Simultaneous transmissions from 2 probes 

· The lower bound of maximum feasible SINR

· Use maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam to determine SINR

· The antenna gain difference for dual directions on the same UE RX beam (decided by D defined in slide 8 and 9) will be further discussed in the RRM room as a part of performance requirements definition

· Lower bound of SINR can be derived based on the Equations in slide 7.

· The upper bound of maximum feasible SINR

· Consider the ideal rejection from the direction of interfering probe.
· Upper bound of SINR is the SNR transmitted from signal probe.


Ideally, UE could have the maximum gain for the useful signal direction and nulling gain for all the other directions. However, this is far from the real implementation. In Figure 1, we illustrate Rx pattern of an Rx beam pointing to 45 degree with 2 directive elements. 
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Figure 1: Example of Rx beam pointing to 45 degree with 2 elements

It can be seen that the gain difference between the wanted signal direction (45 degree) and the interference direction is heavily depending on the angular between the two directions. In [1] it is agreed that the two direction match the relative probe spacing of 30, 60, 90, 120, 150 degree, and from Figure 1, the gain difference can be as small as 0dB (e.g. if the interference is in -45 degree). 
In the real product, the Rx beam patter can be better based on implementation specific optimizations, however, in Figure 1 the practical implementation factors like impacts from other electronic components around the antenna, or the cover and display of the device are not considered. With those factors the beam pattern will be more irregular, and the gain difference will be even smaller.
In our view, to consider the real implementation and to simplify the test case especially the intra-frequency cases, the gain difference should be assumed as 0dB.

Proposal 2: In defining the test cases with 2AoA, assume the antenna gain difference for dual directions on the same UE RX beam as 0dB.

2.3. Rx beam type

In the Testability discussion [1], it is feasible to support RRM test with two types of UE Rx beam,

· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage

· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements)

The assumption of whether fine or rough beam is used in the test will impact the Noc level definition and SNR range. In addition, from RRM perspective, the fine/rough beam assumption also have impacts on Rx beam gain assumption for accuracy related test cases, so it should be decided in the RRM session.

Our suggestion is to determine the fine/rough beam assumption based on the test purpose. If a test case involves UE using rough beam for measurement, then rough beam should be assumed; otherwise fine beam can be assumed. The exception is test cases involving L1-RSRP measurement, 29A and 29B (BFR part). As UE is measuring new Tx beams, the Rx beam gain may not be same as for receiving PDCCH/PDSCH, so we separate discussions are needed for these test cases. In our companion paper we have provided our views for the Rx beam gain assumptions for the L1-RSRP test cases.
Proposal 3: RAN4 should determine for each test case category whether fine or rough Rx beam is assumed. The suggestions in Table 1 can be considered.
Table 1: Suggested AoA setup and rough/fine beam assumption for RRM test cases
	Test case group number
	Test purpose
	AoA setup
	Rough/fine beam

	1
	EN-DC cell search and L1 measurement period 
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	2
	SA cell search and L1 measurement period
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	3
	EN-DC Timing accuracy and adjustment
	Setup#1
	Fine

	4
	SA Timing accuracy and adjustment
	Setup#1
	Fine

	5
	EN-DC TA accuracy
	Setup#1
	Fine

	6
	SA TA accuracy
	Setup#1
	Fine

	7
	EN-DC SSB RLM for PSCell IS and OOS
	Setup#3
	Fine

	9
	SA SSB RLM for PCell IS and OOS
	Setup#3
	Fine

	10
	Random access
	Setup#1
	Rough

	11
	Intra-frequency RSRP accuracy for FR1 and FR2
	Setup#1
	Rough

	12
	EN-DC SCell activation/deactivation delay
	Setup#1
	Rough

	13A
	EN-DC CSI RLM for PSCell
	Setup#3
	Fine

	13B
	SA CSI RLM for PCell
	Setup#3
	Fine

	14A
	EN-DC interruptions due to DRX transition
	Setup#1
	Fine

	14B
	EN-DC interruptions due to deactivated SCell operations
	Setup#1
	Fine

	17A
	Serving NR PSCell and target E-UTRA inter-frequency measurement with LTE PCell
	Setup#1
	Fine

	17B
	NR Pcell with target inter-RAT E-UTRA measurement
	Setup#1
	N/A

	18A
	EN-DC NR inter-frequency measurement
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	18B
	SA NR inter-frequency measurement
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	19
	Inter-frequency RSRP accuracy for FR1 and FR2
	Setup#1
	Rough

	20A
	EN-DC interruptions at UL carrier RRC reconfiguration
	Setup#1
	Fine

	20B
	EN-DC interruptions due to active BWP switching
	Setup#1
	Fine

	
	

	21A
	SA interruptions at SCell addition/release/activation/deactivation
	Setup#1
	Fine

	21B
	SA interruptions at UL carrier RRC reconfiguration
	Setup#1
	Fine

	21C
	SA interruptions due to Active BWP switching
	Setup#1
	Fine

	26A
	NR-NR Handovers
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	26B
	NR handovers to other RATs
	Setup#1
	Fine

	29A
	Beam management: L1-RSRP reporting
	Setup#3
	FFS

	29B
	Beam management: Beam failure detection and link recovery procedure
	Setup#3
	BFD fine BFR FFS

	31
	Intra-freq RSRQ accuracy for FR1 and FR2
	Setup#1
	Rough

	32
	Inter-freq RSRQ accuracy for FR1 and FR2
	Setup#1
	Rough

	34
	BWP switching interruptions on E-UTRA serving cells in EN-DC
	Setup#1
	Fine

	35
	BWP switching delay
	Setup#1
	Fine

	36
	NR PSCell addition and release in EN-DC
	Setup#1
	Rough

	37
	UL carrier RRC reconfiguration delay
	N/A
	N/A

	38
	SA RRC_Idle/inactive cell reselection NR to NR (FR1)
	N/A
	N/A

	39
	SA RRC Idle/inactive cell reselection NR to E-UTRAN (FR1)
	N/A
	N/A


2.4. Definition of ideal RSRP
For RSRP accuracy test cases, ideal RSRP needs to be defined. For FR1 this is not a problem as the input of useful signals to the UE baseband is clearly known, but for FR2 OTA tests, the ideal RSRP would be depending on UE Rx antenna gain, which is up to implementation. In RAN4#89, several methods were discussed regarding how to define RSRP accuracy test cases, and the agreements are as follows.

	Agreements: 

Following is agreed for ideal SS-RSRP for testing absolute SS-RSRP:

· Consider both method 2 and method 3 for further analysis for deriving ideal 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.


From the discussion, there is no perfect solution, and companies converged to down-selecting or combining method 2 and method 3.

· Method 2: UE is used as a reference for itself
· Method 3: Test limits are determined based on minimum and maximum allowable antenna gain
Our view is adopt method 3 as it is more meaningful for the practical use. What matters for the network is that the reported RSRP should be accurate w.r.t. the value seen by the UE with Rx bema gain, instead of w.r.t. a value UE measured in a hypothetical condition. In other words, the Rx beam gain seen by the UE is also useful information for the network, but it is cancelled out with method 2.
The problem with method 3 is that RAN4 needs to decide the range of Rx antenna gain for both rough beam and fine beam. In our view, the proposal from [2] of 7~17dB range is reasonable for fine beam in the peak direction (the values are coming from EIS discussion). For rough beam, as agreed in [1] the difference between the two beam types can be up to [7]dB in the fine beam peak direction, which means the rough beam gain can be assumed to be in the range of 0~10dB. One open question is whether implementation loss as captured in [3] should be considered, and we are open to the discussion.
Proposal 4: Adopt method 3 (test limits are determined based on minimum and maximum allowable antenna gain) for RSRP accuracy test. The Rx beam gain is the range of 7~17dB for fine beam and 0~10dB for rough beam in the Rx beam peak direction.

3. Conclusions

In this paper we provided our views on remaining issues for RRM test in FR2.
Proposal 1: Adopt test mode 1 (TE emulates target SNR conditions) for all RRM test cases.
Proposal 2: In defining the test cases with 2AoA, assume the antenna gain difference for dual directions on the same UE RX beam as 0dB.

Proposal 3: RAN4 should determine for each test case category whether fine or rough Rx beam is assumed. The suggestions in Table 1 can be considered.
Proposal 4: Adopt method 3 (test limits are determined based on minimum and maximum allowable antenna gain) for RSRP accuracy test. The Rx beam gain is the range of 7~17dB for fine beam and 0~10dB for rough beam in the Rx beam peak direction.

Table 1: Suggested AoA setup and rough/fine beam assumption for RRM test cases
	Test case group number
	Test purpose
	AoA setup
	Rough/fine beam

	1
	EN-DC cell search and L1 measurement period 
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	2
	SA cell search and L1 measurement period
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	3
	EN-DC Timing accuracy and adjustment
	Setup#1
	Fine

	4
	SA Timing accuracy and adjustment
	Setup#1
	Fine

	5
	EN-DC TA accuracy
	Setup#1
	Fine

	6
	SA TA accuracy
	Setup#1
	Fine

	7
	EN-DC SSB RLM for PSCell IS and OOS
	Setup#3
	Fine

	9
	SA SSB RLM for PCell IS and OOS
	Setup#3
	Fine

	10
	Random access
	Setup#1
	Rough

	11
	Intra-frequency RSRP accuracy for FR1 and FR2
	Setup#1
	Rough

	12
	EN-DC SCell activation/deactivation delay
	Setup#1
	Rough

	13A
	EN-DC CSI RLM for PSCell
	Setup#3
	Fine

	13B
	SA CSI RLM for PCell
	Setup#3
	Fine

	14A
	EN-DC interruptions due to DRX transition
	Setup#1
	Fine

	14B
	EN-DC interruptions due to deactivated SCell operations
	Setup#1
	Fine

	17A
	Serving NR PSCell and target E-UTRA inter-frequency measurement with LTE PCell
	Setup#1
	Fine

	17B
	NR Pcell with target inter-RAT E-UTRA measurement
	Setup#1
	N/A

	18A
	EN-DC NR inter-frequency measurement
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	18B
	SA NR inter-frequency measurement
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	19
	Inter-frequency RSRP accuracy for FR1 and FR2
	Setup#1
	Rough

	20A
	EN-DC interruptions at UL carrier RRC reconfiguration
	Setup#1
	Fine

	20B
	EN-DC interruptions due to active BWP switching
	Setup#1
	Fine

	
	

	21A
	SA interruptions at SCell addition/release/activation/deactivation
	Setup#1
	Fine

	21B
	SA interruptions at UL carrier RRC reconfiguration
	Setup#1
	Fine

	21C
	SA interruptions due to Active BWP switching
	Setup#1
	Fine

	26A
	NR-NR Handovers
	Setup#3 if two cells are on FR2, otherwise Setup#1
	Rough

	26B
	NR handovers to other RATs
	Setup#1
	Fine

	29A
	Beam management: L1-RSRP reporting
	Setup#3
	FFS

	29B
	Beam management: Beam failure detection and link recovery procedure
	Setup#3
	BFD fine BFR FFS

	31
	Intra-freq RSRQ accuracy for FR1 and FR2
	Setup#1
	Rough

	32
	Inter-freq RSRQ accuracy for FR1 and FR2
	Setup#1
	Rough

	34
	BWP switching interruptions on E-UTRA serving cells in EN-DC
	Setup#1
	Fine

	35
	BWP switching delay
	Setup#1
	Fine

	36
	NR PSCell addition and release in EN-DC
	Setup#1
	Rough

	37
	UL carrier RRC reconfiguration delay
	N/A
	N/A

	38
	SA RRC_Idle/inactive cell reselection NR to NR (FR1)
	N/A
	N/A

	39
	SA RRC Idle/inactive cell reselection NR to E-UTRAN (FR1)
	N/A
	N/A
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