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1 Introduction

In measurement event design of NR, RAN2 has agreed to reuse A1-A6 events for both NR-SS and CSI-RS [1-3]:

Agreements

1:
At least event A1-A6 can be configured for xSS

2:  Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.

3:  SS block identifier can be included in measurement reporting triggered by event A1-A6 for measurement reporting triggered by NR-SS events
4:  CSI-RS identifier can be included in measurement reporting triggered by event A1-A6 for measurement reporting triggered by CSI-RS events

The issue whether LTE C1/C2 events are introduced in NR was discussed in RAN2 NR-AH June [4]. No agreement is achieved, and the record of on-line discussion was list below:
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-
Samsung ask why these events are needed. CATT explain they are for management of the CSI-RS resource set. Ericsson think that NR should support the same as LTE.

-
MediaTek think this is needed for a cell with multiple TRP. 

-
Huawei think another way would be to use A4 / A5 to work on CSI-RS resource sets.

-
OPPO support the proposal. 

-
Intel think this is needed for beam management and is similar to the motivation for LTE.

-
Samsung think that for intra-cell there should be no RRC involvement.

-
Qualcomm think this is not needed for RRM but if it is for beam management then do we need the L3 filter. LG think that beam management should be at lower layers.

-
Nokia would also like to understand the motivation. If intra-cell beam management then there should be no RRC involvement. Intel think it is to manage the resources to be used for CSI reporting. 

=>
Noted

Clearly, different companies have different understandings on use scenario of introducing C1/C2 events. In this contribution, we provide our consideration on it.  
2 Discussion

LTE C1/C2 event was introduced in Rel12 for small cell discovery. 

· Event C1 (CSI-RS resource becomes better than threshold)

· Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource)

However in NR, small cell discovery could also use A1-A6 events with index and/or quality reports of CSI-RS resources. So for that purpose, we think it is not needed any more.
Multiple companies also proposed some other scenarios to introduce C1/C2 events [5]. Based on our understanding, only valid scenario is one cell with multiple TRPs, as showed in figure.1.


[image: image1.emf]TRP1

TRP2

Cell 1

CSI-RS set1

CSI-RS set2


Figure 1 illustration of usage scenario of C1/C2 events

As indicated in [5], the motivation is that when UE is moving from TRP1 which uses CSI-RS set1 to TRP2 which uses CSI-RS set2, gNB may not timely be aware of the change of UE location/channel based on the existing cell specific events. Hence the network may not be able to timely maintain CSI-RS resource configuration for beam management effectively. So, gNB could configure C1/C2 event for one UE so that UE could report that it is moving close to TRP2.  
Observation 1: The multiple TRP scenario is the concerned scenario to consider whether to introduce C1/C2 events in LTE. 
However, when carefully analyzing the above scenario, further issues were raised. Depending on same or different PCI in TRP1 and TRP2, we have the following two scenarios:
Scenario 1: inter-cell case, i.e. multiple TRPs with different PCIs

In this scenario, TRP1 and TRP2 could be regarded as two cells. So, UE should go through handover from TRP1 to TRP2. For the purpose of notifying change of location, we could just use A3/A4 events based on TRP qualities derived from CSI-RS set1/2. Therefore, it is unnecessary to introduce C1/C2 events.

Proposal 1: For the inter-cell case, i.e. multiple TRPs with different PCIs, it is unnecessary to introduce C1/C2 events because agreed events A1-A6 are enough.
Scenario 2: intra-cell case, i.e. multiple TRPs with same PCI
In this scenario, TRP1 and TRP2 could be regarded as two remote antennas, i.e. could not be regarded as two cells. Then, it is beam management procedure (or mobility w/o RRC involvement) to decide how UE switches from TRP1 to TRP2. Note that based on previous RAN1/RAN2 agreement, beam management is a L1/L2 procedure, and the switch from TRP1 to TRP2 should be transparent to RRC/RRM. So, A1-A6 event could not be used. 
At a first glance, through configuring two CSI-RS from TRP1 and TRP2, C1/C2 like event may be helpful for the network to track the UE’s location change, and reconfigure CSI-RS. However, LTE C1/C2 event will have at least the following 3 issues when applied here:

· C1/C2 events could not be triggered by NR-SS measurement
Note that RAN1 has agreed that a set of NR-SS (FFS all SSBs or a subset) could also be used for beam management in RAN1 NR-AH 3 Sept [6]

Agreements:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 

· FFS: whether the set of SSBs is all of the SSB beams or a subset of them

· Alt1: Support configuration of SSB resources within a resource setting for beam management.

· L1-RSRP measurement on these resources is reported

· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.

· L1-RSRP measurement on these resources is reported

· Down-select between the two options

So, if the network configures to use different sets of NR-SS for beam management in above scenario, C1/C2 event could not work to track change of UE monitored NR-SS change. Like cell quality and report contents discussion, the extension to include NR-SS measurement will need much spec efforts.

· Measurement report contents of C1/C2 events should be L1 measurement, not L3 measurement

As indicated before, beam management is L1/L2 procedure, its reporting should be L1 measurement quantities, not L3 measurement quantities of C1/C2 event. According RAN1 agreement, the reporting should at least include:
· Information indicating selected beam(s)
· L1 measurement reporting

· FFS details (e.g., based on RSRP or CSI, etc.)

· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· Frequency-granularity if multiple frequency granularities are supported
And such discussion was not finalized up to now (e.g. NR-SS L1 measurement reporting). This also needs some spec efforts.

· Per-beam event trigger may cause huge overhead in NR
In NR, number of beam is large. For example, up to 64 SS blocks. So, Per-beam event trigger may cause huge overhead. Some approaches to resolve such issue are necessary, e.g. beam group based event trigger. Note that the reporting quantities of beam group is also being discussed in RAN1
Based on above analysis, we think it will need much spec efforts. Considering we have only two remaining meetings to complete NSA, we do not think related design could be finalized in Rel-15. 
Proposal 2: For the intra-cell case, i.e. multiple TRPs with same PCI, C1/C2 like event may be helpful for the maintenance of CSI-RS configuration/reconfiguration in beam management, but at least the following changes on existing C1/C2 events in LTE are required to be discussed:
· Whether such event should be extended to include NR-SS measurement. Note that RAN1 has agreed that L1 NR-SS measurement (FFS all SSBs or a subset) could also be used for beam management.
· Whether measurement report contents when event triggered should be L1 measurements or L3 measurement. Note that L1 reporting quantities of beam management is still being discussed in RAN1.
· Per-beam event trigger may cause huge overhead in NR. Some approaches to resolve such issue are necessary, e.g. beam group based event trigger.
On the other hand, we could rely on some existing mechanisms in NR to achieve the same goal. For example, we think after configuring association between NR-SS and CSI-RS as agreed in RAN1, NR-SS measurements with SSB index reporting may be good enough for the purpose of managing candidate CSI-RS resources for L1/L2 beam management. As another example, the network could configure all possible CSI-RS resources for UE to do L1 measurement, and activate the CSI-RS for UE to serve based on L1 reporting, although the resulted signalling overhead is large. 

Observation 2: Existing mechanisms in NR can be used to maintain CSI-RS configuration/reconfiguration in beam management.
Finally, based on above discussion, we don’t think it is essential to support LTE C1/C2 for purpose of beam management in Rel-15. In future release, we may consider a new lower layer event for beam management.

Proposal 3: Considering it is not essential and limited time to complete NSA, it is not necessary to introduce C1/C2 events in LTE for beam management in Rel15.
3 Summary
Observation 1: The multiple TRP scenario is the concerned scenario to consider whether to introduce C1/C2 events in LTE. 
Observation 2: Existing mechanisms in NR can be used to maintain CSI-RS configuration/reconfiguration in beam management.
Proposal 1: For the inter-cell case, i.e. multiple TRPs with different PCIs, it is unnecessary to introduce C1/C2 events because agreed events A1-A6 are enough.
Proposal 2: For the intra-cell case, i.e. multiple TRPs with same PCI, C1/C2 like event may be helpful for the maintenance of CSI-RS configuration/reconfiguration in beam management, but at least the following changes on existing C1/C2 events in LTE are required to be discussed:
· Whether such event should be extended to include NR-SS measurement. Note that RAN1 has agreed that L1 NR-SS measurement (FFS all SSBs or a subset) could also be used for beam management.
· Whether measurement report contents when event triggered should be L1 measurements or L3 measurement. Note that L1 reporting quantities of beam management is still being discussed in RAN1.
· Per-beam event trigger may cause huge overhead in NR. Some approaches to resolve such issue are necessary, e.g. beam group based event trigger.
Proposal 3: Considering it is not essential and limited time to complete NSA, it is not necessary to introduce C1/C2 events in LTE for beam management in Rel15.
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