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1 Introduction

In 3GPP TR 38.802, RAN1 specified the following paragraph to support DL beam management procedures. 
	The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

-
P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
-
For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams. For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams.
-
P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
-
From a possibly smaller set of beams for beam refinement than in P-1. Note that P-2 can be a special case of P-1.
-
P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming


In the previous RAN2#97bis meeting, RAN2 have discussed and agreed the RRM measurement 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)




In this contribution, we present our views on UE filtering for beam management details. In particular, we will focus on the filtering issues for beam management, which is L1/L2 mobility with zero/minimum RRC involvement. 
2 NR RRM measurement model
Like LTE, if considering single-beam based NR system, it is obvious that there will be no multiple gNB beams and there will be no per-beam based measurement nor beam consolidation/selection procedure. Therefore, there will be only cell level RRM measurement model with L1 and L3 filtering, which is exactly the same as LTE. 

However, considering multi-beam based NR system, there needs beam management. According to 3GPP TR 38.802 and TR 38.804, for the multi-beam based NR, the beams for communication will be handled (measured, selected, reported, switched) by L1/L2 with zero or minimum RRC involvement. Therefore, beam management shall be performed within a cell, with limited RRC involvement. 

Observation 1: Beam management shall be handled by zero or minimum RRC involvement. 

Regarding multi-beam based RRM measurement, Figure 2. shows the NR RRM measurement model which has been agreed during RAN2#97bis meeting. 
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Figure 1 RRM measurement model in NR (agreed until RAN2 #97bis)
Although we have agreed to use beam quality of gNB detected beams to derive a cell quality after L1 filtering, in this contribution, we would like to discuss the filtering for different behaviors such as beam management, beam info. in the L3 measurement reporting (MR), intra-cell TRxP selection, and possible beam set reconfiguration.
3 Filtering options for 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.
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Figure 2. RRM measurement model in NR with No/ L2/ L3 additional filtering for beam qualities
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 filtering issues for RRM measurement, we discuss in a separate contribution [R2-1705596].

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 1: NR beam management (beam measurement, reporting, switching, and recovery) shall be handled using output of the per-beam L1 filter without additional filtering.
4 Filtering options for beam measurement reporting

In the previous RAN2#97bis meeting, we have agreed to have beam indications in MR as: 
Agreements
1
In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2
UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block
In this subsection, we discuss filtering options for beam measurement reporting for MR, and this shall be the beam measurement of the target cell. The purpose of this target cell beam measurement is to support faster initial beam alignment ‘after’ the handover is performed. There could also be the same three options as: L1 filtering, L1+L2 filtering, and L1+L3 filtering. 

Since the beam management after handover will be using beam quality after L1 filtering only, the beam info. in the MR should also have the same filtering aspect in order to avoid unnecessary beam transition. Therefore, we propose the beams for MR should be selected after L1 filtering only. 

Proposal 2: Beam measurement result in L3 measurement report shall be the output of the per-beam L1 filter without additional filtering.
5 Filtering options for intra-cell TRxP selection 

In this subsection, we discuss filtering options for beam measurement reporting for intra-cell TRxP selection. 

In LTE, we had MR criteria of C1 and C2 for CSI-RS measurement report triggering, to distinguish TP which undergoes L1 and L3 filtering. 

However, for NR, the usage of CSI-RS is extended and it is not the same as LTE. NR CSI-RS is now transmitted per beam basis, not per TRxP basis. Therefore, for intra-cell TRxP selection, NR can have multiple CSI-RSs with different beams within the same TRxP, and now we have the following options:

1) Using per-beam reportings to select TRxP
: gNB gather’s UE beam feedback and decide TRxP using the info. For this, no additional (new) beam feedback format is required. gNB can configure CSI-RSs of different TRxPs to be measured and reported separately and/or jointly, in order to select TRxP. Since this per-beam feedback is the same one for beam management, in this case, TRxP selection shall be done using output(s) of the per-beam L1 filter without additional filtering.
2)  Using per-TRxP reportings to select TRxP
: Like RRM measurement, TRxP selection also could be based on multiple beam measurements as ‘averaging N best beams’. Considering this option, It seems possible the UE adopts additional filtering such as L3 filtering, like LTE C1/C2.  However, in order for this, we need the following problems to be resolved
· NR UE is transparent to TRxPs

· So far, there is no introduction of TRxP ID. In order for this option 2), we may need TRxP ID which is more burden of UE to distinguish cell, beam, and TRxP IDs. 

· RAN1 needs to confirm whether the UE shall be able to distinguish TRxPs. 
· UE should be configured for TRxP selection/change with different criteria of beam switching
· Additional configuration is needed for intra-cell measurement (i.e., ‘N’ value and C1/C2). 

· With the different filtering and criteria, the UE L1 filtered best beam may not be within the associated TRxP (since TRxP change using L3 filtering will be slower than beam measurement).

Therefore, from the above considerations, it seems per-beam based intra-cell TRxP selection seems reasonable, using output of the per-beam L1 filter without additional filtering.
Proposal 3: NR intra-cell TRxP selection can be done using the same beam reportings of CSI-RS beams, 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. 
Observation 1: Beam management shall be handled by zero or minimum RRC involvement. 

Proposal 1: NR beam management (beam measurement, reporting, switching, and recovery) shall be handled using output of the per-beam L1 filter without additional filtering.
Proposal 2: Beam measurement result in L3 measurement report shall be the output of the per-beam L1 filter without additional filtering.
Proposal 3: NR intra-cell TRxP selection can be done using the same beam reportings of CSI-RS beams, using output of the per-beam L1 filter without additional filtering.
