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1
Introduction
The following agreements have been achieved for cell quality derivation in RAN2:

RAN2#97bis:
Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS.

RAN2#98:

· Agreements for combining of beam measurements if N > 1:

1
Averaging will be based on power values (i.e. not dBm values)
· N (used in cell quality derivation) is configured per carrier.

FFS Whether a different value can be configured for NR-SS and CSI-RS and whether it can be configured per cell.
RAN2 NR_AH_1706

· Cell quality should be derived by averaging the best beam with the up to N-1 best beams above absolute configured threshold
· Cell measurement quantities can be included in the measurement report. RAN1 to confirm the cell measurement quantities to be supported.
In this contribution, the remaining FFS issues on cell quality derivation will be discussed, including the configuration of N and threshold for the two different types of RS and the detail of the averaging, especially the detail of the averaging for the case of RSRQ, SINR.
2
Discussion
2.1 Configuration of N and threshold
It is agreed that N for cell quality derivation is configured per carrier at RAN2#98. However, whether a single N or two individual N should be configured for NR-SS based and CSI-RS based L3 mobility is not determined yet. Neither for the configuration of the threshold for determining the N-1 best beams. 
Regarding NR-SS and CSI-RS, the common understanding is that the signal of NR-SS can cover a wide area within a cell and serve all UEs within the wide area, however, its spatial resolution is low (i.e., it is transmitted as a wide beam). On the other hand, CSI-RS provides higher spatial resolution (i.e., a narrow beam) and a stronger signal within the narrow beam, but covers only a narrow area. And according to the agreement in RAN1 (refer to Annex), the design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. The UE should support measurement of a large number of CSI-RS based beams. Considering the quite different properties of these two individual RS, the number of CSI-RS based beams is much larger than the NR-SS based beams, the cell quality derived based on CSI-RS could deviate a lot from the cell quality derived based on NR-SS. From these perspectives, independent N and independent threshold (for determining the N-1 best beams) should be configured per carrier frequency in the MeasObject.
Proposal 1: Independent N and independent threshold should be configured per carrier frequency in the MeasObject for NR-SS based and CSI-RS based L3 mobility.
2.2 Detail of the averaging
Per agreement at RAN2#97bis and RAN2#98, averaging (based on power values) is used to derive the cell quality from multiple beams. However, the details averaging are FFS. Generally, two kinds of averaging were proposed by companies, linear averaging [1]

 REF _Ref490140036 \n \h 
[2]

 REF _Ref490140038 \n \h 
[3]and weighted averaging (offset averaging) [4]

 REF _Ref490139772 \n \h 
[5]. Considering that different cells can operate with different number of beams and the beam width can also be quite different, it’s questionable whether weighted averaging can work in this complex situation. Meanwhile, the companion signalling overhead and complexity will be considerable with weighted averaging. So we propose to just adopt the simple linear averaging for cell quality derivation.
Proposal 2: Adopt linear averaging for cell quality derivation.

[image: image1.emf]gNB beam 1

gNB beam 2

gNB beam K

Layer 3 

filteringfor cell 

quality

Evaluationof 

reporting 

criteria

Layer1 filtering

Layer1 filtering

Layer1 filtering

Beam 

Consolidation/

Selection

Cell quality

RRC configures 

parameters

RRC configures 

parameters

RRC configures 

parameters

UE Implementation 

specific

UE Implementation 

specific

B

A

A

1

C

D

C

1

L3 Beamfiltering

L3 Beamfiltering

L3 Beamfiltering

RRC configures 

parameters

K beams 

X beams 

Beam Selection 

for reporting

K beams 

E F

RRC configures 

parameters


Figure 1 Measurement Model in NR
According to the agreed measurement model in NR (illustrated in Figure 1), a function of beam consolidation/Selection is introduced in NR. The behaviour of the Beam consolidation/selection is standardised and the configuration of this module is provided by RRC signalling [6]. Besides, addition L3 beam filtering for beam reporting is introduced in addition. Given the agreement in RAN2, it’s obvious that beam level quality instead of cell level quality should be indicated to RRC from Layer 1. In other words, the measurement quality defined for Layer1 should be from the perspective of beam. It should be noted that RAN4 is discussing the definition of various NR signal qualities. And the following agreement has been made for the RSRP measurement metric definition in Qingdao meeting [7]:
	· A separate way forward is expected to cover NR quality metrics

· For RSRP and CSI-RP the  definition should include Rx beamforming gain for OTA 
· For conducted requirements, the reference point for definition can be antenna connectors.
· Study further whether the definition should be differentiated across frequency ranges
· Study further whether to include averaging in time domain in the defintion:
· Study further whether RSRP definition should be per SS block, per beam, or per cell
· Study further whether CSI-RSRP definition should be per cell or per beam


It can be seen that RAN4 is considering whether the RSRP should be defined per SS block, per beam or per cell. The agreements of the new measurement model in RAN2 may have impacts on the work in RAN4. For instance, according to the analysis above, the RSRP definition defined for Layer 1 may need to be defined from the perspective of per beam or per SS block but not per cell. So LS should be better to send to RAN4 to inform the agreed measurement model.
Proposal 3: LS should be better to sent to RAN4 to inform the agreed measurement model in RAN2, especially indicating that:

· Measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering;
· Cell quality will be derived in Layer 3 by averaging the best beam with the up to N-1 best beams above absolute configured threshold;
Another important way forward agreed in RAN4 Qingdao meeting is that quantity based measurement, including RSRQ and SINR will be supported both for NR-SS based and CSI-RS based measurement [8]. According to the discussion above, the behaviour of the cell quality derivation should be specified in RRC. For instance, for the case of RSRP, it can be defined as: 
RSRPc = Average (RSRPb1, RSRPb2,…RSRPbN)
However, regarding RSRQ and SINR, typically the two quantities are defined as:
RSRQ = RSRP / RSSI
SINR = RSRP / (Noise+Interference)

Then there may be two possible ways to derive the cell quality from N beams. The two possible ways are analysed in Table 1.
Table 1
	
	definition
	issues

	Option 1
	RSRQc = Average (RSRQ1, RSRQb2,…RSRQbN)

SINRc = Average (SINR1, SINRb2,…SINRbN)
	According to agreement in RAN2, averaging will be based on power values. It should be evaluated carefully whether averaging based on dB can work?

	Option 2
	RSRQc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (RSSIb1, RSSIb2,…RSSIbN)
SINRc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (NIb1, NIb2,…NIbN)
Note: NI is the short for (Noise+Interference)
	RSSI per beam and (Noise+ Interference) per beam should be provided from Layer 1. Means that the definition of RSSI and (Noise+ Interference) should be specified in RAN4.


Given the above, if to support RSRQ and SINR based cell quality derivation, how to average the quantities from N beams should be carefully discussed in RAN2. And LS can be sent to RAN4 to ask for opinions if necessary.
Proposal 4: If to support RSRQ and SINR based cell quality derivation, how to average the quantities from N beams should be carefully discussed in RAN2 (two possible options as listed below). And LS can be sent to RAN4 to ask for opinions if necessary. 
Two possible options for derivation:
Option 1:

RSRQc = Average (RSRQ1, RSRQb2,…RSRQbN)

SINRc = Average (SINR1, SINRb2,…SINRbN)

Option 2:

RSRQc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (RSSIb1, RSSIb2,…RSSIbN)
SINRc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (NIb1, NIb2,…NIbN)
3
Conclusion
The remaining FFS issues on cell quality derivation are discussed in this contribution with the following proposals:
Proposal 1: Independent N and independent threshold should be configured per carrier frequency in the MeasObject for NR-SS based and CSI-RS based L3 mobility.
Proposal 2: Adopt linear averaging for cell quality derivation.

Proposal 3: LS should be better to sent to RAN4 to inform the agreed measurement model in RAN2, especially indicating that:

· Measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering;
· Cell quality will be derived in Layer 3 by averaging the best beam with the up to N-1 best beams above absolute configured threshold;
Proposal 4: If to support RSRQ and SINR based cell quality derivation, how to average the quantities from N beams should be carefully discussed in RAN2 (two possible options as listed below). And LS can be sent to RAN4 to ask for opinions if necessary. 

Two possible options for derivation:

Option 1:

RSRQc = Average (RSRQ1, RSRQb2,…RSRQbN)

SINRc = Average (SINR1, SINRb2,…SINRbN)

Option 2:

RSRQc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (RSSIb1, RSSIb2,…RSSIbN)
SINRc = Average (RSRPb1, RSRPb2,…RSRPbN) / Average (NIb1, NIb2,…NIbN)
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Annex

Agreement from RAN1#88bis:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:

· 
Design:

–
Reuse CSI-RS design for beam management as baseline
–
Identify additional requirements on the CSI-RS to support L3 mobility

· 
Configuration:

–
Support measurement of a large number of beams
–
Minimize configuration overhead, reporting overhead, and UE complexity 

–
FFS: Detailed signaling or format
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.

–
Note that signalling other than dedicated RRC signalling is not precluded
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