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1 Introduction

RAN1 recently agreed that CSI RS can be used in connected, however seemingly without fully concluding the usage of these RS for different purposes e.g. for RRC involved mobility, for modification of the L1 feedback set, for initial beam alignment. Also RAN2 has not really discussed the implications of the latest RAN1 agreements w.r.t. use of the CSI RS in connected mode. This contribution therefore includes a high level discussion on the use of CSI RS in connected aiming to identify which mobility related aspects RRC should cover, in particular in NR phase 1.

2 Discussion

2.1 Starting points
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).
According to the TR 38.804 CSI RS based RRC involved (connected mode) mobility should be supported. We however think that RAN1 did so far not really conclude the need to introduce this particular use of the additional RS. Also RAN2 has not really discussed the implications of the latest RAN1 agreements, which is also reflected by the FFS regarding CSI RS related events. We hence think that it would be beneficial to have a somewhat high level discussion regarding the use of the different RS in connected, also in order to understand the scope of RRM measurement procedures.
2.2 UE assisted mobility procedures

2.2.1 Overview of UE assisted mobility procedures

We think that developing an overview of the UE assistanced mobility procedures will be benefical for setting the sope of the RRM measurements, the RRC involved mobility procedures as well as the RRC mobility related configurations. This contribution particularly focusses on the CRS RS based mobility. Related to this, we think the UE may be configured with 2 different CSI RS configuration i.e. a) a first one specifying a rather UE specific configuration based on which UE provides fast feedback and b) a second one specifying a more cell specific configuration based on which UE provides somewhat slower feedback. The following table provides some further information regarding the possible usage of these two distinct sets of CSI RS configuratons. It should be noted that this is to a large extend up to network implementation including which set(s) are actually used.

	CSI RS
	Possible usage
	UE assistance/ measurement reporting/ feedback
	Related mobility procedure/ network configuration
	Remarks

	Set 1 i.e. UE specific
	Beam management/ refinement, scheduling
Serving cell only
	Feedback at physical layer (L1 feedback)
	Control at physical layer


	Fast mechanism based on very frequent measurements but covering few beams/ small area/ few CSI-RS resources (to reduce efforts)

	Set 2 i.e. cell specific
	Beam management, scheduling, Management of set, RRC involved mobility
Serving and possibly neighbour cell (RRC involved mobility, intitial beam alignment)
	Feedback at physical layer (L1 feedback)
	Control at physical layer, by MAC (e.g. dynamic change of set1 or by RRC (cell change)


	Somewhat slower mechanism based on less frequent measurements (to reduce efforts) but covering more (other) beams/ CSI-RS resources/ larger area


Tab. 1: CSI RS and possible use for UE assistanced mobility, overview

We think that fair comparison between cells (relevant for RRC involved mobility) and cell sections (relevant for RRC involved mobility B) would require the beams to have similar beam characteristics, which suggest these beams would be more cell specific. Altogether we propose:
Proposal 1
Introduce support for two different CSI RS configurations i.e. i.e. a) a first one specifying a UE specific configuration based on which UE provides fast feedback and b) a second one specifying a more cell specific configuration based on which UE provides somewhat slower feedback
We think it would be good to discuss further about the mobility procedure before going into signalling/ configuration details.

2.2.2 RRC involved mobility

As indicated in the previous sectionwe think it would be good for RAN2 to discuss and confirm the need to support CSI RS based RRC involved (connected mode) mobility, and in particular whether it should be part of the baseline/ the first phase of NR. We would like to highlight the following points:

· We understand that RAN1 assumes that CSI RS based RRC involved (connected mode) mobility should be considered particularly for the case longer NR-SS periodicities are used. We however think RAN1 did not conclude that use of CSI RS is preferable above an NR-SS scheme with similar configuration flexibility. I.e. a scheme including the option to configure an additional set of NR-SS (on top of a fixed set of always on NR-SS the UE can assume to be always present)

· As indicated in the previous section, the CSI RS on which RRC involved (connected mode) mobility is to be based should have similar beam characteristics to allow fair comparison i.e. would be more cell specific alike as NR SS. I.e. overhead may not be fundamentally different
· Use of different RS is expected to result in additional complexity in RRM measurement procedures i.e. deriving cell quality may be based on different RS and/ or a combination. Moreover, cell comparison may also be affected i.e. different offsets may apply depending on the quantity used to derive the quality of the involved cells. Alternatively, events may be introduced involving multiple absolute comparisons i.e: (quantity1 of cell1< thresh1) AND (quantity2 of cell2≥ thresh2). I.e. both configuration and procedures may need to distinguish quite a few cases
· Altogether we think it would be good for RAN2 to discuss and conclude the need to support CSI RS based RRC involved (connected mode) mobility in NR phase 1 (i.e. in addition to using NS-SS based for such mobility) 
Hence we propose:

Proposal 2
RAN2 is requested to discuss and confirm whether CSI RS based RRC involved (connected mode) mobility should be part of the baseline to be introduced in NR phase 1.

In case RAN2 confirms that CSI RS based RRC involved mobility should be part of NR phase 1, given our previous remarks we propose to align the handling of both types of RS (i.e. NR and CSI-RS config set 2) as much as possible to keep things simple. In particular we propose:

Proposal 3
If RAN2 confirms that CSI RS based RRC involved (connected mode) mobility should be introduced in NR phase 1, keep the specification as simple as possible while aligning the handling of the two RS types. In particular:

· Use the same mobility events A1- A6 i.e. no further complications like triggers based on combination  of NR-SS and CSI RS

· Use a single RS type for comparison between cells on a frequency i.e. in case one area uses NR-SS while another area uses CSI RS, cells in the border region should support both RS

Further discussion related to the last bullet is included in [2].
2.2.3 Management of CSI RS config set 1
As indicated in the previous section, when the UE moves within the cell the gNB may need to change the CSI RS config (set 1) based on which UE provides L1 feedback for beam refinement/ scheduling. We would like to highlight the following points:

· As in LTE, we think it would be good to introduce UE assistance for change of CSI RS config (set1). As indicated in the previous, we think that fair comparison between cell sections requires the beams to have similar beam characteristics. Hence we assume this UE assistance is based on the more cell specific CSI RS config (set2).
· The gNB could possibly determine the required change of CSI RS config set1 based on the ongoing L1 feedback provided for beam refinement/ scheduling. I.e. based on this L1 feedback, the gNB may estimate towards which cell section the UE is moving. If the gNB is furthermore able to determine which CSI RS configuration update is required to accommodate the target cell section, there would be no need for UE assistance. However, such a scheme seems a burden on gNB and it would seem somewhat risky if this were the only means to support intra-cell mobility.

· We assume that RRC is typically not involved when there is a need to change of CSI RS config (set1) i.e. upon change to another cell section e.g. to the area covered by another TP.
· RRC merely pre-configures a superset of CSI RS configurations (set1) i.e. several configurations used in the cell. When the UE moves to another cell section, the gNB configures the UE to apply the subset of CSI RS configuration(s) relevant for target cell section. This control of the subset to be actually used is performed by lower layer signalling (e.g. MAC CE)

· Correspondingly, the measurement feedback provided by the UE would be provided at lower layers also i.e. L1 (or possibly at L2).
· For initial assignment of the CSI RS configuration i.e. upon establishment as well as following change of cell (HO/ SCG add or replace), there could be some RRC involvement. I.e. UE assistance and/ or initial beam configuration might be included in RRC messages. We however think this initial beam alignment is a separate issue that requires further study.

Based on the previous we propose:

Proposal 4
Management of CSI RS configuration set1 (UE specific set used for L1 feedback to assist beam refinement/ scheduling) upon change of cell section is performed at L2 and L1 i.e. without RRC involvement. This applies both for the UE assistance and for the change of CSI RS configuration (i.e. configuration of subset by activation/ deactivation of a pre-configured superset).

Proposal 5
Do not support triggering of a RRM measurement report based on individual beam results
2.2.4 Summary of RRC support
The following table summarises the CSI RS based UE measurement reporting/ feedback

	Item
	RRC impact
	Remarks

	CSI RS configuration (set1)
	L1 configuration, dedicated signalling
	Serving cell only
RRC may pre-configure a superset (L2 is used to control the subset to be actually used)

	CSI RS configuration (set2)
	L1 configuration, dedicated signalling and/ or broadcast
	Configred set for serving and neighbouring cells (depending on RAN2 conclusion regarding use for RRC involved mobitlity and further study for initial beam alignment following mobility)


	L1 feedback
	Feedback configuration (L1)
	

	L2 feedback
	Feedback configuration (L1 or possibly L2, as that layer ma be used for corresponding dynamic control)
	Depending on RAN2 conclusion regarding use for RRC involved mobitlity

	RRM measurements
	None/ events A1- A6 (alike NR-SS)
	Measurement events aligned between RS


Tab. 2: RRC measurement related configuration, overview

3 Conclusion & recommendation
This contribution discusses the bla. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1
Introduce support for two different CSI RS configurations i.e. i.e. a) a first one specifying a UE specific configuration based on which UE provides fast feedback and b) a second one specifying a more cell specific configuration based on which UE provides somewhat slower feedback
Proposal 2
RAN2 is requested to discuss and confirm whether CSI RS based RRC involved (connected mode) mobility should be part of the baseline to be introduced in NR phase 1.

Proposal 3
If RAN2 confirms that CSI RS based RRC involved (connected mode) mobility should be introduced in NR phase 1, keep the specification as simple as possible while aligning the handling of the two RS types. In particular:

· Use the same mobility events A1- A6 i.e. no further complications like triggers based on combination  of NR-SS and CSI RS

· Use a single RS type for comparison between cells on a frequency i.e. in case one area uses NR-SS while another area uses CSI RS, cells in the border region should support both RS

Proposal 4
Management of CSI RS configuration set1 (UE specific set used for L1 feedback to assist beam refinement/ scheduling) upon change of cell section is performed at L2 and L1 i.e. without RRC involvement. This applies both for the UE assistance and for the change of CSI RS configuration (i.e. configuration of subset by activation/ deactivation of a pre-configured superset).

Proposal 5
Do not support triggering of a RRM measurement report based on individual beam results
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