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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This document considers the measurements that L1 must be able to perform in order to support DL measurements for CONNECTED mode mobility. In particular, the document considers how L1 can identify and evaluate the quality of individual beams from individual cells, such that it can report those measurements to L3.
It is considered that measurements on individual beams and individual cells are best facilitated when RAN1 defines some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle
2. Cell Quality Measurements
It should be possible to derive a cell quality based on measurements from multiple beams, if detected. In addition it should be possible to derive a cell quality based on a single beam measurement. It follows, therefore that it should also be possible to compare cell qualities of cells on which different numbers of beams are measured - e.g. a cell with 1 good beam, compared to a cell with 3 good beams, as illustrated in figure 1.
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Figure 1: Cells with a different number of good beams. 

There are some situations in which it may be better to select the cell with the best beam, even though only 1 beam is detected – for example a stationary user in a coffee shop, able to connect using one good beam. In other scenarios it may be better to select a cell which has more beams, but not necessarily the best beam overall – for example a pedestrian walking through the city needs to be able to select the cell which is able to provide a more consistent service during mobility. For each of these cases, we need to be able to determine which cell best suits the UE in its current conditions. One approach is to use the existing methods such as time-to-trigger – for example, to report a single good beam using a measurement event with a longer TTT than a measurement event for reporting a cell on which multiple beams are detected. Another approach would be to use a larger offset for cells on which more beams are detected. Overall, we expect that those measurement events and approaches already used in other systems, particularly LTE, can be re-used with some relatively small changes to account for multiple beams.

There are 3 main factors to take into account for measurement evaluation: 
1) How to determine the number of good beams. 
2) How to determine the overall cell quality based on the individual beams.
3) How to compare the cell quality of cells with a different number of good beams. 

These measurement evaluations can be addressed by RAN2, provided that from a RAN1 perspective:
1. it is possible to identify different beams from different cells (e.g. using cell ID and beam ID)
2. it is possible to evaluate the quality of individual beams

RAN1 should hence define some RS that can be used in CONNECTED mode that allow the above functionalities to be achieved in flexible deployments.
Proposal 1: RAN1 define RS that can be used in CONNECTED mode to derive RRM measurements that allow L1 to identify different beams from different cells and to evaluate the quality of individual beams. 
3. CONNECTED mode active RS
In the RAN1 NR adhoc in Spokane, RAN1 sent an LS to RAN2 [2] detailing the agreements that RAN1 had made on signals used for NR mobility measurements, capturing the following agreements.
	· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded



Based on this LS, RAN2 came to the following understanding [1]:
	=>	RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition ot the RS(s) available in idle.
=>	RAN2 will study the implications of this agreement on RAN2, for example:
1	Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)
2	Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID



There was offline discussion in the RAN1 Spokane adhoc relating to the meaning of the agreement reached in RAN1 and communicated to RAN2. In particular, there was debate concerning the meaning of the term “the following RS can be used if needed”, with the following potential interpretations being expressed by various delegates:
1. “if needed” means that the network can determine whether it needs additional RS to be configured to enable CONNECTED mode RRM measurements
2. “if needed” means that the UE determines whether it needs to use additional RS to perform CONNECTED mode RRM measurements in order to meet RAN4 performance requirements
3. “if needed” means that RAN1 will determine whether these additional RS will be defined for CONNECTED mode RRM measurements
In RAN2#95bis, RAN2 made the following agreement [3]:
· Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:
· UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
· FFS: whether UE report individual and/or combined quality of multiple beams
· UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
· FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
· FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
· FFS how the cell in connected relates to the cell in idle
· Study how to derive a cell quality based on measurements from individual beams
· In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
· FFS whether there may be cases that do require RRC involvement.
UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

This agreement states that the UE should be able to measure one or more individual beams and be able to distinguish beams from its serving cell and from non-serving cells. Based on this agreement and the various potential interpretations of the RAN1 LS [2], it is entirely reasonable that RAN2 should come to the understanding they reached regarding CONNECTED mode RS [1]. 
In our view, the most straightforward and flexible way of enabling this functionality is through the understanding that RAN2 developed: that RAN1 will define some additional RS in CONNECTED mode in addition to the RS(s) available in idle. If each beam carries an MRS that allows the beam and cell to be identified, L1 can perform measurements on individual beams and individual cells and send these measurements to L3. 
Given the above, we feel that it is appropriate that RAN2 be allowed to progress their work, based on their reasonable understanding of the RAN1 LS and that RAN1 should hence “define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle”. We consider this to be a good solution from both a technical, and a procedural perspective. It also facilitates completion of the study item in a timely manner.
Hence we make the following proposal:
Proposal 2: RAN1 define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle.
4. Conclusion
This document has considered the measurements that L1 must be able to perform in order to support DL measurements for CONNECTED mode mobility. In particular, the document considered how L1 can identify and evaluate the quality of individual beams from individual cells, such that it can report those measurements to L3. The following proposals were made:
Proposal 1: RAN1 define RS that can be used in CONNECTED mode to derive RRM measurements that allow L1 to identify different beams from different cells and to evaluate the quality of individual beams. 
Proposal 2: RAN1 define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle.
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