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1 Introduction

To conclude which events the RRM measurements need to support, RAN2 needs to understand for which purposes it is used. In particular RAN2 needs to conclude the RRC is involved in the reconfiguration of beam management CSI RS config upon intra-cell mobility as addressed by this contribution.

RAN2 had some limited discussion about the use of CSI RS for beam management and RRC involved mobility. RAN2 reached some agreements regarding the related CSI-RS configuration(s), see below.

2
For the purpose of Zero/Minimum RRC involvement mobility, a the CSI-RS configuration should be at least configurable to UE by dedicated signalling (does not preclude this CSI-RS configuration being used for other purposes)

=>
Ask RAN1 whether the CSI-RS configured for beam management is the same as the CSI-RS configured for RRM. Details of the question can be worked offline.

2
As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement. (If this CSI-RS configuration is found to be usable for other purposes then its placement in the measurement object can be reconsidered)

RAN2 in particular decided to request RAN1 input regarding whether the CSI-RS configured for beam management the same as the CSI-RS configured for RRM measurements for L3 mobility. We assume RAN1 will provide further feedback as to whether:

a) To what extend the CSI RS configurations are expected to have same/ common configuration parameters or have parameters specific to the particular purpose

b) To what extend certain reference symbols can be used to determining the measurement feedback for different measurement purposes
We assume RAN2 should wait for further RAN1 input before discussion which network configuration options to support in REL-15 e.g. whether to support:

i. One CSI RS configurations that may be used for all all purposes
ii. A separate/ independent CSI RS configuration for each purpose
iii. A limited number of independent configurations, each of which may serve a number of different purposes
This contribution merely addresses the reconfiguration of beam management CSI RS config upon intra-cell mobility. It is proposed to use MAC based reconfiguration (as in LTE REL-14 eFD-MIMO) in combination with L1 measurement feedback. Given this, we furthermore see no need to introduce support for RRC measurement report triggered by measurement results of an individual beam.

2 Discussion

This contribution discusses the CSI RS configuration based on which UE provides measurement feedback at the physical layer for the purpose of beam refinement/ scheduling. Althoug it is unclear whether RAN2 will introduce a CSI RS configuration specifically for the purpose of beam refinement/ scheduling, in this contribution we will refer to this as the beam management CSI RS config.

Reconfiguration of beam management CSI RS config upon intra-cell mobility

We think that, when the UE moves within the cell, the gNB should be able to change the beam management CSI RS config. I.e. we think that the gNB should be able to modify the CSI RS configuration when the UE moves to another section of the cell, e.g. covered by another TP. 

We furthermore think that, in accordance with previous agreements, RRC would normally not be involved when the UE moves within the cell. I.e. we think it should be possible to modify the beam management CSI RS config by lower layer signalling e.g. by MAC CE (as used in REL-14 eFD-MIMO). In such approach, RRC would however still pre-configure a number of CSI RS configurations as used in the cell. When the UE moves to another cell section, the gNB indicates which CSI RS configuration(s) the UE shall apply in the new/ target cell section. Altogether we thus propose:

Proposal 1
Introduce support for modification of the beam management CSI RS config by lower layer signalling i.e. to support reconfiguration upon intra-cell mobility without RRC involvement
Measurement feedback to assist MAC based reconfiguration of beam management CSI RS config

It may be possible for the gNB to note, based on the measurement feedback provided for the purpose of beam refinement/ scheduling, that some the UE is leaving the current cell section. We however think that there is a need to introduce additional UE measurment assistance i.e. to properly determine whether the UE is moving to another cell section. I.e. fair comparison between cell sections may require that the CSI RS based on which the measurement feedback is provided to have similar beams characteristics. 

In LTE, the RRM measurement framework includes events C1 and C2, see below. Given that the reconfiguration should be handled at MAC/ not involve RRC, we think the UE measurement assistance should not involve RRC but also be handled at lower layers.

Event C1 (CSI-RS resource becomes better than threshold)
Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource)
It seems simples to largely re-use the mechanisms defined for CSI RS based measurement feedback for the purpose of beam refinement/ scheduling. We understand that adopting physical layer based mechanism does not really facilitate event based reporting i.e. the reporting would be limited to periodic and/ or network triggered. Introducing a new measurement feedback mechanism at the MAC layer merely to support event based reporting however seems not really essential for REL-15. Hence we propose:

Proposal 2
Introduce L1 measurement feedback to assist MAC based reconfiguration of beam management CSI RS config. 
Other implications
As we propose to use L1 measurement feedback to assist the MAC based reconfiguration of beam management CSI RS config, we see no need to introduce any specific RRM based functionality to serve this purpose. Given that this seemed to be the only candidate for introducing beam based RRM measurement triggering, we propose:

Proposal 3
Do not support triggering of a RRM measurement report based on individual beam results
3 Conclusion & recommendation
This contribution discusses the modification of the the beam management CSI RS upon intra-cell mobility. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1
Introduce support for modification of the beam management CSI RS config by lower layer signalling i.e. to support reconfiguration upon intra-cell mobility without RRC involvement
Proposal 2
Introduce L1 measurement feedback to assist MAC based reconfiguration of beam management CSI RS config. 
Proposal 3
Do not support triggering of a RRM measurement report based on individual beam results
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5 UE assisted mobility procedures (For overview – to be removed)

Some general considerations:

· It seems desirable to support variety of network options e.g. no CSI RS (LF), dedicated/ UE specific RS only, use of SS for synchronisation only

· Preferrably it should be (as much as possible) transparent to the UE for what purpose the network actually uses the CSI RS based measurement feedback
· I.e. UE should merely be configured to provide measurement feedback/ reporting based on certain RS

· Seems however desirable to configure UE to provide different measurement feedback based on different RS e.g. feedback for beam management based on different CSI RS than used for RRM/ cell level mobility

· Or feedback based on CSI RS for beam management while using NR SS for RRM/ cell level mobility

	Purpose
	Fast
	Beam char
	SS a/o CSI
	Remarks

	Serving only

	Beam management (scheduling/ beam refinement at physical layer)
	Fast
	Dedicared, limited coverage
	Both
	 

	Beam recovery
	Fast
	Dedicared, limited coverage
	Both
	Problem detection and recovery may be limited to UE specific beams

	RLF detection
	Medium
	Cell specific, wider coverage
	Both
	Recovery may be limited to common/ cell specific beams. Problem detection could be based on common beams (i.e. less fast)

	Serving  & neighbour

	RRM for RRC involved inter-cell mobility
	Medium
	Cell specific, wider coverage
	Both
	Should facilitate fair comparison between cells

	Reconfiguration of the RS used for beam management while UE moves within the cell (e.g. to another TP)
	Medium
	Cell specific, wider coverage
	Both
	Should facilitate fair comparison between cell sections (e.g. TP coverage areas)

	Initial beam alignment (upon connection establishment/ following HO)
	Medium
	Cell specific, wider coverage
	Both
	Given delays between measurement feedback/ reporting and actual use, no need for fine alignment. However, useful only if finer than what can be done during RA


Tab. 1: Use of NR SS and CSI RS for different mobility related purposes, overview

Not sure if we need to provide further details about some of the particular use cases (don’t have good feeling of RAN1 status)

· Reconfiguration of the the CSI RS for which UE provides feedback to assist beam management i.e. that we assume this is handled by L1 feedback and control at L2

· Initial beam alignment
A Relevant RAN1 and RAN2 agreements (Annex)
RAN1 and RAN2 have quite extensively discussed the RS to be used in connected, as well as the RRM measurements for RRC involved mobility in connected. The main agreements are as shown below.

R2#97 agreements on RS for connected mobility
1
An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 

2
An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).

3
Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 

Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.

R2#97 agreements on RRM measurement events
1: Measurement events can be configured for xSS and for additional RS for RRM measurement. 

2:
At least event A1-A6 can be configured for xSS

FSS Which events that can be configured for additional RS

RAN1 agreement/ LS (based on R1-1703996)
For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead

· Detection of neighbor cell for measurement is based on NR-SS
Related to these agreements, TR 38.804 includes the following:

5.5.4
Measurements
For the cell level mobility driven by RRC described in sub-clause 10.1.2, the baseline of the RRM measurement framework for DL is the one specified for LTE (measurement object, measurement ID, reporting configuration) as specified in TS 36.331 [6]. The DL RRM measurement should be performed based on a common framework regardless of network and UE beam configurations (e.g. number of beams). As for the event triggered reporting, Event A1 to A6 like the ones specified for LTE are at least to be supported with potential modifications. Other events may also be studied for NR. Measurement report contains at least cell level measurement results.
A UE in RRC_CONNECTED should be able to perform RRM measurements on always on idle RS (e.g. NR-PSS/SSS) and/or CSI-RS. The gNB should be able to configure RRM measurements via dedicated signalling to be performed on CSI-RS and/or idle RS. The event triggered reporting can be configured for NR-PSS/SSS and for CSI-RS for RRM measurements. At least, Even A1 to A6 can be configured for NR-PSS/SSS.
NOTE 1:
It is FFS which events can be configured for CSI-RS.
In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure. The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells. The UE should be able to learn if a beam is coming from its serving cell. Cell level signalling quality for the DL RRM measurement can be derived from N best beams, if detected, where the value of N can be configured to 1 or more than 1. This does not preclude the DL RRM measurement on a single beam. Measurement report may contain the measurement results of the N best beams if the UE is configured to do so by the gNB.
NOTE 2:
It is FFS on details of filtering to be applied, and how the quality of the serving cell is determined (e.g. from serving beam only or cell quality).
NOTE 3:
It is FFS how to derive the cell level quality applies to both CSI-RS and idle RS and whether to only consider beams above a threshold (good beams).
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