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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 has made much progress on mobility, including on the measurement framework, the evaluation of multiple beams and on measurement events and reports. 
Some mobility issues have also been discussed in RAN1 that overlap with the decisions taken by RAN2. This document aims to provide a focus for the mobility work in RAN1. Specifically, it is proposed that:
· RAN1 responsibility: L1 provides measurement of the quality of individual beams to L3
· This means that it must be possible to identify and measure individual beams from different cells
· RAN2 responsibility: L3 groups the individual beam measurements and triggers measurement reports based on those grouped measurements
2. Relevant Mobility Agreements
This document considers some of the following agreements made in RAN1 and RAN2.
Related to measurement framework [1] :
Agreements for connected active
1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
2: 	RAN2 working assumption to be confirmed by RAN1: 
	a/ Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
	b/  Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
3: 	The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

Evaluation of multiple beams [1]:
Agreements for connected active
1: 	RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
	a/ best beam, 
	b/ N best beams, 
	c/ all detected beams
	d/ beams above a threshold.
	Other options are not precluded

Measurement events and reports [1]: 
Agreements
1	At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)
FFS other events may be studied
2	Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements
 
Agreements on mobility in RRC_CONNECTED mode [2]
· 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)


At RAN1#87, the following agreement was made [3]:
Agreements:
· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations
· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 
· FFS : value of N, 
· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration
· Other options are not precluded.


 
3. 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.
[image: ]
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

Proposal 1: The scope of RAN1 discussion on DL mobility should consider (1) the identification of different beams from different cells (e.g. using cell ID and beam ID) and (2) evaluation of the quality of individual beams
 
4. RAN1 support for L3 Measurement Evaluations
This section considers whether, in order to support measurement evaluation in L3, L1 needs to support any functionality beyond the identification of different beams from different cells (e.g. using cell ID and beam ID) and evaluation of the quality of individual beams support measurement (proposal 1).
4.1	How to determine the number of good beams
The most logical approach would be to compare beam measurements against an absolute threshold (e.g. RSRP/RSRQ threshold). Beams above this configurable threshold are considered in the cell quality evaluation, and the number of good beams associated with a cell quality measurement would be defined as the number of beams measured which are identified and above the threshold. There may also be a maximum number of beams in the set which are considered.
In order to support this functionality, L1 needs to be capable of the following:
· evaluation of beam quality (e.g. RSRP / RSRQ) and comparison of the quality to a threshold
· reporting of the parameters of the good beams to L3
From a RAN1 perspective, the detailed procedures associated with reporting the number of good beams can be considered in the work item phase. As long as RAN1 can support the functionalities of proposal 1 (identification of beams from different cells and evaluation of quality of beams), RAN2 can study how to determine the number of good beams.
Observation 1: In the study item phase, RAN2 should study how to determine the number of good beams.
4.2	How to determine overall cell quality based on individual beams
There are different approaches, all of which should be possible to configure in measurement events. As mentioned above, it should be possible to limit the number of beams considered in a measurement. If the limit would be set to “1” then this would be a measurement of the best beam of a cell. The same type of measurement can therefore be configurable to consider best beam only, or best “N” beams.
In case multiple beams are considered, then we must also define a way to determine the overall cell quality. One approach is to use a simple average cell quality, or a weighted average/sum. The weighted sum can be implemented in an analogous way to how inter-frequency (soft) handover decisions are made in UMTS (where a cell in the UMTS active set is equivalent to a beam in NR). More details are given in [5], but the proposed measurement is of the form:


Where W is a parameter sent by RRC to the UE, Mbeam are quality measurements on individual beams and Mbest_beam is a quality measurement on the best beam. [7] also considers using weighted summations to derive cell quality measurements.
In [6] it is proposed that interbeam measurements are combined in the physical layer. The stated motivation is that combining in the physical layer reduces the transfer of measurements from L1 to L3. We do not see this as a concern, since these measurements are exchanged over an internal interface in the UE. Combining these measurements in the physical layer has a significant disadvantage from the standardisation perspective in that the definition of these combined measurements requires a significant amount of cross-WG liaison, which will slow down standardisation. 
Allowing L3 to combine the measurements also has the merit of allowing RAN2 to consider ways to trigger measurements reports based on a more detailed consideration of the cell conditions rather than just a gross combined measurement report. It has been proposed in RAN2 for example to include a triggering condition that the neighbour cell must have at least a given number of qualified beams. We consider that it should also be possible to configure the cell quality and measurement event parameters to take this into account. The time-to-trigger can be configured to be increased if the number of beams is lower in order that a UE reports a cell with fewer beams only if the event criteria is met for a longer duration (for the coffee shop scenario described earlier, to verify stability of that cell for that UE), or the cell individual offset could be configured to be adjusted based on the number of good beams on that cell (to favour reporting of a cell with more beams). It should also be possible for a cell to only be considered for the event trigger (e.g. quality above a threshold) or for reporting if it has at least a given number of good beams. 
Based on the above considerations, we consider that determination of overall cell quality based on individual beams is a matter for RAN2. Again, in line with proposal 1 in section 3, RAN1 just needs to support the identification of beams from different cells and evaluate the quality of those beams.
Observation 2: Determination of the overall cell quality based on individual beams should be considered by RAN2, not RAN1.
This observation is in line with the agreements that RAN2 has already made regarding evaluation of multiple beams (section 2), where it is clear that RAN2 are already considering this issue.
In terms of the agreement in RAN1#87 regarding cell level measurement in multiple beam operation scenario, we understand that this agreement is just from the perspective of any mobility evaluations that are performed in RAN1. A richer understanding of mobility behaviour can be considered in RAN2 where measurement reporting and triggering can also be considered. We also expect these cell level measurements to be standardised in RAN2, not in RAN1.
5. Conclusion
This document has considered the necessary scope of RAN1 work for the support of DL mobility in NR. 
RAN1 needs to support (1) the identification of different beams from different cells (e.g. using cell ID and beam ID) and (2) evaluation of the quality of individual beams, according to the following proposal:
Proposal 1: The scope of RAN1 discussion on DL mobility should consider (1) the identification of different beams from different cells (e.g. using cell ID and beam ID) and (2) evaluation of the quality of individual beams
Determination of the number of good beams and the overall cell quality are aspects that are best considered in RAN2. Hence we make the following observations:
Observation 1: In the study item phase, RAN2 should study how to determine the number of good beams.
Observation 2: Determination of the overall cell quality based on individual beams should be considered by RAN2, not RAN1.
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