3GPP TSG-RAN WG4 Meeting #89
R4-1815182
Spokane, US, 12th – 16th November 2018
Title: 
Further discussion on FR2 RRM
Source: 
Huawei, HiSilicon
Agenda item:
7.12.3.2
Document for:
Discussion
1. Introduction

In RAN4#88bis, there were extension discussions on how to define FR2 RRM test cases, in particular with respect to AoA related issues. The agreements are copied as follows.
	· Define certain set of cases under the assumption of single AoA, and others under the assumption of 2 AoA-s.

· Focus on single AoA cases in Q4 2018 and others are defined after Q4 2018

Note: AoA setup
· Setup #1: Single AoA setup with signal arriving in the peak direction of Rx antenna beam

· Setup #2: Single AoA setup with signal arriving not in the peak direction of Rx antenna beam

· Setup #3: Dual AoA setup

Agreement: for the test case group with AoA setup as TBD,

· Try to agree on the CR by specifying the parameters which are related to AoA setup in one table and specifying the parameters which are not related to AoA setup in the other table

· Continue discussion on which setup should be used for test case group with AoA setup as TBD.


In addition, in testability SI some issues are agreed [1] to be dependent on RRM discussions, for which the RRM session needs to make decision and provide input to the Testability SI.

In this paper we will address the following issues for beam reporting requirements.
· AoA setup for RRM test cases

· Assumption on fine/rough beam for RRM test cases

· Test mode for RRM test cases

· Selection of test directions
2. Discussion
2.1. AoA setup
In RAN4#88bis, AoA setup #1 was agreed to be used for some RRM test cases, in which UE is not supposed to perform measurement on the FR2 NR cell. The AoA setup for the remaining cases are TBD. In our view, the remaining test cases can be categorised as follows.
· Test cases for event triggered reporting or cell reselection

In these tests, two cells, one serving cell and one neighbour cell, are involved. UE performs RRM measurement for both cells, and the cell identification delay is verified. If two cells are both on FR2, setup #3 is a reasonable setup, with which UE Rx beam sweeping performance can be tested. If only one cell is on FR2 (e.g. in FR1-FR2 inter-frequency cases), we do not see a strong need to have dual AoA in the test since the AoA of FR1 cell does not matter, so setup#1 can be used to simplify the test.
One open issue with dual AoA setup is how to account for the Rx beam gain difference in the two AoA directions. 
· Test cases for RSRP/RSRQ/SINR measurement accuracy

First, it should be noted that the test method for accuracy tests are not clear yet, in particular related to the definition of ideal RSRP/RRSRQ/SINR. In any case, the test purpose is to verify the measurement accuracy. We think this is a pure baseband performance, i.e. the uncertainty from the Rx beam antenna gain should be excluded. In this sense, using setup #1 will be most meaningful since there is an uncertainty in antenna gain if non-peak direction (which is used in setup #2 and #3) is used in the test. 

Of course, the Rx beam peak direction in setup #1 is defined based on EIS, i.e. fine beam is assumed. As discussed in the Testability adhoc session in RAN4#88bis, the fine beam peak direction may be different than the peak direction with rough beam, and the gain for the peak direction are also different. RAN4 should further discuss how to account for the differences in the test cases.
· Test cases for beam management
These test cases include tests for RLM, BFD, CBD and L1-RSRP measurement. There is only one cell, the serving cell, involved in the test, and two Tx beams are transmitted from the serving cell. Same as for event triggered reporting test cases, we think setup #3 should be used. 
· Test cases for Connected mode mobility

These test cases include tests for random access, handover and PSCell addition/release. 

For random access tests, there is only one cell, the serving cell, in the test. The test purpose is to verify UE correctly follows the RACH process. Since UE is not measuring in two directions, there is no need to have dual AoA in the test. In RAN4#88bis, it was discussed if peak or non-peak direction should be used with single AoA. Similar to measurement accuracy tests, we think the peak direction, i.e. setup #1 should be used, as using non-peak direction will add uncertainty to the PRACH transmitted power. Again, how to account for the difference in the gain and direction between fine beam peak and rough beam should be discussed further.
For HO tests, we think it is similar to event triggered reporting test cases, i.e. if the HO is between two FR2 NR cells, setup #3 should be used; otherwise setup#1 should be used. For PSCell addition and release tests, the LTE PCell is on FR1 and the NR PSCell is on FR2. Setup #1 should be used.
Proposal 1: RAN4 to consider the AoA setup as listed in Table 1 for each RRM test case.
Proposal 2: RAN4 should discuss how to account for the Rx beam gain difference in the two AoA directions in AoA setup #3.

Proposal 3: RAN4 should discuss how to account for the difference in the Rx beam gain and direction between fine beam peak and rough beam in AoA setup #1.
2.2. Rough/Fine beam assumption
In RAN4#88bis, the WF from Testability discussion [1] raised up the issue that there can be two types of RRM test cases, one with fine beams the other with rough beams, and it is up to RRM room to identify which test cases are Type 1 or 2. 
	· UE RX beam types definitions

· “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) 
· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.

· The following types of RRM test cases can be supported by the NR Test Methods

· Type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams 
· Type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams
· Note: It is up to RRM room to identify which test cases are Type 1 or 2


Based on our understanding of the Testability discussion, the information of whether fine or rough beam is used in the test will impact the Noc level definition and SNR range in the test. In addition, from RRM perspective, the fine/rough beam assumption also have impacts on
· Selection of test directions

· Rx beam gain assumption for accuracy related test cases

Therefore, the fine/rough beam assumption should be determined to proceed the work in both RRM side and the Testability side.

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 cannot conclude the fine beam assumption can be used in these test cases.
Proposal 4: RAN4 should determine for each RRM test 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


2.3. Test mode
In RAN4#88bis, the WF from Testability discussion [1] raised up the issue that there can be two types of test modes, and it is up to RRM room to identify which test mode is used for each test case. 
	· The following modes of Side condition emulation can be supported by the NR Test Methods

· Mode 1: TE emulates target SNR conditions

· Scenario 1/2: TE transmits desired signal and artificial noise jointly. The noise power is set to reach target SNR conditions in the reference point
· Scenario #3: TE can transmit both desired and noise signals from both directions. 

· Option 1: Same noise level can be applied for both tested directions.

· Option 2: Different noise levels can be applied for different directions.

· Assumption is that the respective signal and noise levels per AoA at the reference point will be defined in the test description

· Mode 2: TE emulates desired signal only without artificial noise
· Note: It is up to RRM room to select applicable mode for each test case


In our view, mode 1 has been the main mode considered in Testability SI, while mode 1 has not been carefully evaluated so far. From RRM perspective, using mode 2 means the SNR side condition experienced at the UE baseband is heavily depending on the Rx beam gain, and it would be hard to control. Considering the main motivation of RRM test cases is to verify the measurement capability but not antenna performance, we think mode 1 should be used for all RRM test cases.
Proposal 5: Use test mode 1 (TE emulates target SNR conditions) for all RRM test cases.
2.4. Test directions
In RRM tests using setup #3, how to select the directions used in the test is an open issue as identified in [1]. 
	· How to select the tested direction for Scenario 2 and 3 is FFS


Currently there are two options under discussion:
· Re-use the spherical coverage map from EIS
· Define separate spherical coverage for rough beams
In our view, there are different implementation options to form the rough beams for RRM measurement, and the how fine beam and rough beam are correlated with each other are fully dependent on implementation. To not put any restriction on the implementation, it is more reasonable to define a separate spherical coverage map for rough beams. 
In addition, it should be noted that RF session has not concluded how to define the test for EIS spherical coverage and its applicability. There is possibility that for UE supporting beam correspondence, EIS spherical coverage does not need to be tested. It may happen that some UEs are not required to pass the EIS spherical coverage tests, so for those UEs a procedure to find the test directions are still needed. It would be better to have a unified test procedure for all UEs.
As a starting point, the spherical coverage for rough beam could be defined in a similar way as EIS spherical coverage but based on RSRP instead of throughput, i.e. there will be a peak RSRP, a percentile as coverage target and a lower bound of RSRP for the targeted coverage level. 
Proposal 6: A separate spherical coverage map for rough beams is defined, and for test cases where UE is assumed to use rough beams, the test directions are selected based on this map. 
Proposal 7: As a starting point, the spherical coverage for rough beam could be defined in a similar way as EIS spherical coverage but based on RSRP instead of throughput.
3. Conclusions

In this paper we provided our views on some open issues for FR2 RRM test.
Proposal 1: RAN4 to consider the AoA setup as listed in Table 1 for each RRM test case.

Proposal 2: RAN4 should discuss how to account for the Rx beam gain difference in the two AoA directions in AoA setup #3.

Proposal 3: RAN4 should discuss how to account for the difference in the Rx beam gain and direction between fine beam peak and rough beam in AoA setup #1.
Proposal 4: RAN4 should determine for each RRM test whether fine or rough Rx beam is assumed. The suggestions in Table 1 can be considered.
Proposal 5: Use test mode 1 (TE emulates target SNR conditions) for all RRM test cases.
Proposal 6: A separate spherical coverage map for rough beams is defined, and for test cases where UE is assumed to use rough beams, the test directions are selected based on this map. 

Proposal 7: As a starting point, the spherical coverage for rough beam could be defined in a similar way as EIS spherical coverage but based on RSRP instead of throughput.
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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