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1 Introduction

In the previous RAN2#97bis meeting, the following agreements were made w.r.t RRM model:

Agreements

1
The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.

2
The L1 filter filters signal quality corresponding to gNB beams detected by the UE

3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:

a-
L1 filtering of beam measurements 

FFS Whether there is any additional specified filtering of the beam measurements

b-
Derivation of cell quality from one or more gNB beam quality

c-
L3 filter (RRC configured) of cell quality 

d-
Evaluation reporting criteria (RRC configured)
Furthermore, at RAN2#98 meeting, additional agreements were made as follows:

Agreements

1
There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.

2
There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation

3
Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.

With the above agreements, now the cell quality derivation and evaluation is clearly defined without any FFSs. The remained issues are regarding the details of selection and filtering of beams to be included in a measurement report, and configuration of ‘X’ for the number of beams to be reported in the measurement report, and the ‘N’ for cell quality derivation. In this contribution, we would like to discuss the above issues in more detail, to progress the NR stage 3 RRM measurement model. 
2 NR RRM measurement model
From the previous meetings, now the cell quality derivation and evaluation is clearly defined as in the upper signal processing chain in the Figure 1. However, the remained issues are how to configure/ select/ and derive the ‘X’ number of beam management results to be included in the measurement report. Since we already agreed for additional configurable filter per beam, it seems proper to have beam selection after such additional L3 filter, as shown in Figure 1. Therefore, we propose to have the Figure 1 as the RRM measurement model in NR.

Proposal 1: RAN2 captures Figure 1 as the RRM measurement model in NR. 
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Figure 1 RRM measurement model in NR 

With the above RRM measurement model, the remaining concern is the burden of UE implementation due to the large number of additional filters, which requires massive memory space. An NR UE needs to have L1 and L3 filters per beam and an L3 filter per cell, for RRM measurement of a cell. Considering RRM measurement of Ncell, the required memory space of an NR UE is as follows: 

· Mmemspace = ( (ML1,beam + ML3,beam )(Kcell + ML3,cell )(Ncell
where Mmemspace denotes the required memory space in an NR UE, ML1,beam denotes the required memory space for an L1 filter per beam, ML3,beam denotes the required memory space for an L3 filter per beam, Kcell denotes the number of gNB beams per cell for RRM measurement, ML3,cell denotes the required memory space for an L3 filter per cell, and Ncell denotes the number of cells for RRM measurement. 
According to the above analysis, as Kcell and Ncell become larger, the required memory space increases rapidly. As an example, if we consider 50 beams per cell and 10 cells to measure, UE requires to have 500 L1/L3 filters for beam management and 10 L3 filters for cell quality. Hence, total 1,010 filters are needed for RRM measurement of this UE. Therefore, the value of Kcell and Ncell shall be chosen wisely, in order to reduce the UE burden. For NR, we propose UE to choose such Kcell itself, with implementation-wise manner. Note that the Kcell can be different for different cells and it is reasonable not to choose the Kcell value as the same as the maximum number of gNB beams per cell. 
Proposal 2: In the RRM model, the number of gNB beams to be considered, K, is up to UE implementation. Note that K is not recommended to be the same as the maximum number of gNB beams per cell (i.e., the maximum # of NR-SS blocks or the maximum # of CSI-RS beams per cell).

3 Configuration of ‘X’ for beam reporting
Another remaining issue is regarding the number of beams to be reported in the MR, ‘X’. In this subsection, we study the configuration and range of X with respect to the N value for cell quality derivation. N is used for cell quality derivation and it can be given by the network. Comparing the value of X and N, we can discuss the way forward of NR of this X. 
Table 1. Case study of the relationship between X and N
	Case
	Pros (+)
	Cons (-)

	1.

X=N
	No need of configuration of X (use N)
	If N is small, network cannot know additional beam information larger than N
If N is large, increased MR overhead of reporting all the N beams

	2.

X<N
	If N is large, network can control the overhead of MR using X < N
	Need additional configuration of X

If N is small, network cannot know additional beam information larger than N 

	3.

X>N
	If N is small, network can have additional beam information larger than N
	Need additional configuration of X

If N is large, increased MR overhead of reporting all the N beams

	4. 

Configurable X
	Network can control the value of X and N considering network parameters
	Need additional configuration of X


Table 1 shows the merits and demerits of the relationship between X and N. Considering that N could be configured by the network, X shall not be always the same as N (Case 1) and network shall be able to independently configure X in order to have the control of MR overhead and avoid the demerits when N is too small or too large. Case 2 and 3 shows trade-off relationship along with the size of N and X, and it can easily be solved when we let network to independently configure X (Case 4). Therefore, we propose for NR to have independent configuration of X from N. 
Proposal 3: In NR, the number of beams to be reported in the MR, X, shall be independently configured from N. It is FFS the method and details of configuration of X. 

 
4 Configuration of ‘N’ for cell quality derivation

Another remaining issue is regarding the configuration of N. In the previous meeting, we have agreed to configure N in terms of carrier frequency. Considering analog beamforming based NR system, it is highly likely that the number of ‘good beams’ of a UE would be limited even if ‘N’ is configured with a large number. Therefore, for multi-beam based NR system, support of configurability of N for a large number seems unnecessary.
Proposal 4: In NR, configurability of the large number of N, i.e., the maximum number of ‘good beams’ for cell quality derivation, shall not be supported since it is highly likely that the number of ‘good beams’ of a UE would be limited.
However, still the configurability of N equal to infinity shall be supported in order for the network opportunity to consider all the ‘good’ beams for cell quality derivation

Proposal 5: In NR, configurability of N equal to infinity shall be supported.

Now, let’s consider configurability of small number of N. If the UE and gNB are on LOS, N equal to 1 seems enough to determine a cell quality since there will be a single dominant beam. If UE and gNB are on NLOS and there is no dominant beam, network and UE cannot sure how many number of ‘good’ beams would be observed at a time since it changes per time due to change of UE location and NLOS multi-path fading. Therefore, we can conclude that for LOS, N=1 is enough and for NLOS, N cannot be fixed with a small number. Also, note that the N shall be configured per carrier frequency and such optimization of N per carrier frequency for the NLOS seems impossible. 

According to the above proposals and observations, for NR cell quality derivation, we can summarize as follows: 
· For NR RRM measurement, N = 1 shall be supported

· For NR RRM measurement, N = ∞ shall be supported

· For NR RRM measurement, N with a large number shall not be supported

· For NR RRM measurement, N with a small number is unpredictable due to the different conditions of each UE and carrier frequency specific configuration of N
Consequently, in this contribution, we propose for the configuration of N, NR uses 1 bit indication of distinguishing N = 1 and N > 1. 

Proposal 6: In NR, for the configuration of N, 1 bit indication of distinguishing N = 1 and N > 1 shall be supported. 

5 Filtering options for L1/L2 beam management
In this section, we would like to discuss the possible options of filtering, and observe which option is beneficial for NR beam management. 
In LTE, CSI-RS was used for CQI reporting and TP selection. For TP selection, we had MR criteria of C1 and C2 for CSI-RS measurement report triggering which undergoes L1 and L3 filtering. 

For NR, the usage of CSI-RS is extended. NR CSI-RS can be used not only for CQI reporting and TRxP selection, but also for beam management and L3 mobility. Therefore, in the following sections, we would like to discuss the filtering options for different purposes of CSI-RS. 
Considering beam management consisting of beam measurement, beam reporting (not MR), beam switching, and beam recovery, there could be three options such as: L1 filtering, L1+L2 filtering, and L1+L3 filtering, as shown in Figure 2. L1 filtering and L3 filtering are from LTE and the procedure and components could be the same as LTE and, there is no L2 filter in LTE. 
In order to select the most suitable option among them, we consider the following aspects:
1 Latency: It is the most important aspect for filtering and beam quality derivation. The latency shall not be too long since the beam measurement of above 6GHz may change rapidly. 
2 Common framework: It would be desirable if a common filtering option can be used for both beam management and RRM measurement.
3 Complexity: It would be highly desirable if a filtering option does not impose significant UE complexity for implementation.
With the above aspects, we can compare the different options as follows: 

Table 1 Comparison among the filtering options
	
	Latency
	Common framework
	Complexity

	(1) L1 filter only
	Low (+)
	Yes (+)
	Low (+)

	(2) L1 and L2 filter
	Middle (or High) 
due to L2 filter (−)
	No (−)
Only L1/L3 filters 
in LTE (−)
	High (−)

	(3) L1 and L3 filter
	High (−) due to L3 filter
	No (−)
	High (−)


Regarding latency, hundreds of ms order of L3 filter is not suitable for fast beam measurement and switching. The order of beam measurement should be at least tens of ms. 

Regarding common framework, we have agreed for L1 filtering per beam in RRM measurement model. There is yet no agreed L2/ L3 filtering per beam. The reason that the option (2) does not have the common framework with RRM measurement is because it is highly likely that there will be no L2 filter since there is L3 filter. And from LTE perspective, there was no such thing as L2 filtering. 

Regarding complexity, L2 and L3 filtering requires additional memory, additional computation, and additional signalling. 

From the above comparison, it is obvious that we should use the L1 filtering for beam management. 
Proposal 7: NR beam management (beam measurement, reporting, switching, and recovery) shall be handled using output of the per-beam L1 filter without additional filtering.

6 Conclusion

This contribution discusses the filtering options for NR beam level measurement. We request RAN2 to discuss the following proposals. 
Proposal 1: RAN2 captures Figure 1 as the RRM measurement model in NR.

Proposal 2: In the RRM model, the number of gNB beams to be considered, K, is up to UE implementation. Note that K is not recommended to be the same as the maximum number of gNB beams per cell (i.e., the maximum # of NR-SS blocks or the maximum # of CSI-RS beams per cell).

Proposal 3: In NR, the number of beams to be reported in the MR, X, shall be independently configured from N. It is FFS the method and details of configuration of X. 

Proposal 4: In NR, configurability of the large number of N, i.e., the maximum number of ‘good beams’ for cell quality derivation, shall not be supported since it is highly likely that the number of ‘good beams’ of a UE would be limited.

Proposal 5: In NR, configurability of N equal to infinity shall be supported.

Proposal 6: In NR, for the configuration of N, 1 bit indication of distinguishing N = 1 and N > 1 shall be supported. 

Proposal 7: NR beam management (beam measurement, reporting, switching, and recovery) shall be handled using output of the per-beam L1 filter without additional filtering.
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