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Introduction
In RAN2#95bis, some progress has been reached for DL-based mobility in RRC_CONNECTED mode with RRC involvement, concerning beams and the relation to the NR cell definition. It is our understanding that explicitly related to the cell definition and/or the notion of group of beams the following agreements are relevant:
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:

1. 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

2. 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

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	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.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)



Meanwhile, companies have also reached some progress related to similar issues in RAN1#86bis where the following options are considered for DL signals for CONNECTED mode RRM measurements:
–	Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
–	RS for demodulating broadcast channel
–	RS for mobility
		• FFS how to associate it with beam-ID and/or Cell-ID
–	Combination of Cell Related RS and RS for demodulating broadcast channel

In order to progress the work in RAN2, it is our understanding that we cannot ignore some RAN1 specific challenges such as the overhead of encoding beam/group identifiers and the limitation on the number of identifiers that could eventually introduce. Therefore, this contribution tries to respond to the RAN2 open questions by discussing these different options to associate beamformed RSs used for RRM in RRC_CONNECTED.

[bookmark: _Ref178064866]Discussion
In RAN1, different alternatives are being considered for DL signals for CONNECTED mode RRM measurements. Here we analyze the two with most support:
· Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· RS for mobility
Here we try to analyze these two alternatives.
Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS) 
Within this option, an obvious candidate is the NR-PSS/NR-SSS that is envisioned to encode the NR Cell ID and provide support for Idle mode operation (such as RRM measurement for cell selection and cell reselection, synchronization for decoding system information, DL synchronization reference for PRACH resources, etc.). Using that signal would eventually avoid the need to define additional beam RSs for mobility. 
However, a first potential problem in using the NR-PSS/NR-SSS [1], is that they would have to be transmitted with narrow beamforming which creates the overhead of transmitting system information on every single narrow beam so that the UE is able to detect them while it also decodes beamformed data channels. In addition, one would be forced to adjust the periodicity of idle mode operation to fulfil active mode mobility requirements. This might require idle signals and/or minimum system information to be transmitted more often for the sake of RRC_CONNECTED mobility. 
Another problem with this option, especially in the case of beam sweeping, is the fact that it might be more challenging for the UE to distinguish beams from a given cell assuming there could be few wide beams transmitting the same NR-PSS/NR-SSS, at least in some scenarios (e.g. limited UL coverage). This will be especially problematic in digital/hybrid beamforming architecture where there can be multiple beams simultaneously transmitted so it becomes more difficult to use the timing to distinguish these beams. With analog and/or hybrid beamforming the base station receiver may use Rx beamforming for PRACH and that would be associated to a given beam and/or group of beams from the same TRP. In that case, not informing which beams and/or which PRACH resource to access may lead to either the UE not accessing the PRACH resource associated to the beam the UE is trying to access (i.e.) creating UL interference and/or not having proper PRACH coverage) or the requirements that the UE needs to read system information from a neighbour beam every time a handover needs to be executed, which is not the case today in LTE. Even though this analysis is based on the usage of NR-PSSS/SSS as the RS for DL based mobility, similar challenges will exist for a cell-specific RS.
Using the NR-PSS/NR-SSS for RRM measurements in RRC_CONNECTED has the following pros and cons:
a. Potentially avoids the definition of additional beam RS for mobility
b. May require sweeping of system information in very narrow beams which may increase the overhead and the control plane latency
c. Not possible to achieve large DTX cycles e.g. for system information
d. Distinguishing beams belonging to a given cell is more complicated and not even certain that it works in hybrid/digital beamforming architectures since no beam ID is encoded
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Figure 1 NR-PSS/NR-SSS and/or cell-specific RSs for RRM measurements in RRC_CONNECTED


RS for mobility
In this option, a new RS used for mobility (called mobility RS) enables a design that fulfils specific requirements to mobility in RRC CONNECTED. These MRSs could be configured to be transmitted with different beamforming configuration compared to idle mode operation (e.g. MRS are transmitted in narrow beams to avoid the need to create measurement gaps when NR-PSS/NR-SSS are transmitted in wide beams, and/or omnidirectional and/or in SNF). The NR-PSS/NR-SSS/PBCH could be transmitted in wide beams to reduce the overhead of system information transmission and control plane latency. Apart from the possibility to configure beamforming of the MRSs differently from the NR-PSS/NR-SSS/PBCH, a new signal would also enable the possibility to use different periodicities for the signals used in RRC_CONNECTED and the ones used in Idle mode. This is especially important for the Idle mode as it enables large DTX cycles for energy efficiency.
Using a specific RS for mobility for RRM measurements in RRC_CONNECTED has the following pros and cons:
e. A new RS carrying at least a beam identifier needs to be designed
f. Full flexibility to configure its beamforming properties (narrow beams, wide beams, number of beams per cell, sweeping periodicity) to fulfil requirements associated to mobility in RRC_CONNECTED 
g. Full flexibility to configure its periodicity to fulfil requirements associated to mobility in RRC_CONNECTED, allowing large DTX for system information transmission
h. Possible to transmit system information in wide beams to optimize the control plane latency, enable SFN transmissions and reduce the system overhead 
i. Possible to select between defining narrow beams and/or the introduction of measurement gaps
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Figure 3 Mobility RS used for RRM measurements in RRC_CONNECTED

How to associate this mobility RS with a beam-ID and/or Cell-ID
An open question related to that alternative in RAN1 was whether to associate this mobility RS with a beam-ID and/or Cell-ID. Our view is that the mobility RS should carry at least a beam ID in order to support L3 mobility to mitigate the challenges previously explained. In addition, it seems reasonable to assume an association between the beam ID carried by the mobility RSs and the cell ID used for idle mode operation.
The RS for RRM measurements to support RRC based mobility in RRC_CONNECTED should carry at least a beam ID.
Beam IDs carried by the mobility RSs (MRS) used in RRC_CONNECTED are associated to NR Cells supporting idle mode operation
UE should at least be aware of the association between its Cell ID and the beam IDs carried by the MRSs
i. FFS how the UE should be aware of the association between potential target Cell IDs and the beam IDs carried by their MRSs
Most of the companies, at least in RAN2, also seem to agree that proposals 1,2 and 3 are necessary and progress should be reached. In addition to that, many companies seem to agree that at least in some cases the UE should be aware that beams belonging to a given neighbour cell form some kind of grouping. The open question now is whether this grouping is just the NR cell or some other granularity within the cell e.g. sector, TRP, etc. Another open question is how the UE can be made aware of the association between the beam IDs transmitted by the MRSs associated to neighbour NR cells and/or groups within it.
Two alternatives to achieve that are considered by RAN2:
· Option a) Dedicated signalling 
· Option b) Broadcasted signaling

Dedicated signalling
In option a) the UE accesses an NR cell and is configured at least with a set of MRSs associated to the serving cell. Then, the UE automatically knows that all other detected MRSs belong to non-serving cells. In RAN2#95bis, many companies expressed the additional wish to enable the UE to group beams from neighbour cells too. It is our understanding that this might be useful in some cases and could also be achieved with option a) by an additional configuration that associate groups of neighbour beams to non-serving NR cells. This notion of group is anyway required at each gNB to trigger inter-gNB handover. 
One advantage of option a) is the reduced overhead of not broadcasting the cell ID together with the beam ID. Another benefit is the possibility to group beams in a different granularity e.g. per TRP and/or sector to enable even further measurement optimizations since groups of beams from the same cell can share some similar properties. All these types of group via broadcasting would simply create quite a lot of overhead. 
Groups of beams transmitted by the same NR cell can be configured to the UE via dedicated signalling. The main characteristics are:
j. Reduced overhead of not broadcasting the cell ID together with the beam ID
k. Flexibility to group beams not only per cell but also in a different granularity such as cell group, TRP, cell sector, etc.
	
Broadcast signalling
In option b) it is worth mentioning that there are at least a few different alternatives to considered that would need to be evaluated:
· Range of beam IDs carried by the MRSs mapped to the Cell ID
· FFS range defined in the specifications and/or broadcast with system information 
· Time/Frequency resource multiplexing per beam group
· FFS mapping defined in the specifications and/or broadcast with system information 
· Encode the beam ID of the MRS together with a Cell ID
· FFS how this is encoded e.g. same modulation sequence (RAN1 decision)

All these alternatives have different pros and cons that should be further analysed, but a common property of all of them is the fact that the UE may group MRSs from serving and neighbour cells without the need for dedicated signalling. However, it is our understanding that this does not represent an advantage since the serving cell needs anyway to know these groups to trigger handover procedures to the right gNB and optimize handover failures vs. HO ping-pong rate. In addition, this potential benefit does not come for free so either one or some of these consequence will occur:
· Resources need to hard coded in the specification (agreed to be avoided in RAN1) and/or
· More bits will be added to system information (agreed in RAN2 that it should be minimized) and/or
· Sequences encoding both beam ID and cell ID could limit the number of beams one could define per cell
· Others.

Evaluate from a RAN2 perspective the following alternatives to associate the cell ID with the beam IDs for DL-based mobility in RRC_CONNECTED:
b. Dedicated signalling
c. Broadcast signalling
i. Range of beam IDs carried by the MRSs mapped to the Cell ID
1. FFS range defined in the specifications and/or broadcast with system information 
ii. Time/Frequency resource multiplexing per beam group
1. FFS mapping defined in the specifications and/or broadcast with system information 
iii. Encode the beam ID of the MRS together with a Cell ID
1. FFS how this is encoded e.g. same modulation sequence (RAN1 decision)
Conclusion
In section 2, as a way to progress the discussions on mobility in RRC_CONNECTED we have proposed the following:
1. The RS for RRM measurements to support RRC based mobility in RRC_CONNECTED should carry at least a beam ID.
Beam IDs carried by the mobility RSs (MRS) used in RRC_CONNECTED are associated to NR Cells supporting idle mode operation
UE should at least be aware of the association between its Cell ID and the beam IDs carried by the MRSs
i. FFS how the UE should be aware of the association between potential target Cell IDs and the beam IDs carried by their MRSs
Evaluate from a RAN2 perspective the following alternatives to associate the cell ID with the beam IDs for DL-based mobility in RRC_CONNECTED:
b. Dedicated signalling
c. Broadcast signalling
i. Range of beam IDs carried by the MRSs mapped to the Cell ID
1. FFS range defined in the specifications and/or broadcast with system information 
ii. Time/Frequency resource multiplexing per beam group
1. FFS mapping defined in the specifications and/or broadcast with system information 
iii. Encode the beam ID of the MRS together with a Cell ID
1. FFS how this is encoded e.g. same modulation sequence (RAN1 decision)
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