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1 Introduction

In the last RAN2#95bis, companies have the following has been agreed concerning the detection of beams for RRM measurements in RRC CONNECTED:
..
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 the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

…
In this paper, we discuss the different ways an NR UE in RRC CONNECTED can be informed about serving and neighbour beams and the potential implications of the different methods i.e. via dedicated signalling and/or broadcasted.
2 Discussion
2.1 RRM Measurements in NR

In LTE, a UE detects cells based on their PSS/SSS. An important property of these signals is that a neighbour cell does not need to be in-sync with the serving cell’s signals. Secondly, the UE autonomously detects the neighbour cell IDs (PCI) from an acquired PSS/SSS, i.e., the network does not need to provide a neighbour cell list. UEs typically detect and measure neighbour cells by sampling a short time window (e.g. 5 ms) on the target frequency (which may be the same or different from serving) and search (possibly offline) for PSS/SSS occurrences within that sample. For each detected PSS/SSS, the UE can also perform a measurement using the CRS corresponding to the PCI. The result of that action is a list of neighbour cell IDs and corresponding measurement sample. 
In NR, a UE in CONNECTED state should rely as much as possible on UE-specific beamforming. Since data and control channels are beamformed, reference signals should also be beamformed, so that the measurements reflect the quality that the UE would experience during data transmission. Similar beamforming properties of the reference signals and the data transmission also ensure that both signals are in the UE’s dynamic range so that both remain detectable / decodable. 
Observation 1 In NR, since control and data channels are beamformed, reference signals should also be beamformed so that RRM measurements reflect the quality that the UE would experience during data transmission.

The agreement from RAN2#95bis indicates that UE is able to identify beam. One option would be to send both, cell- and beam-specific sync- and reference signals. If the latter are dependent on the former, a UE would first have to detect the cell (as in LTE) based on its PSS/SSS like signals and subsequently attempt to detect one or more dependent beam reference signals (BRS). However, if the cell specific PSS/SSS is not beam-formed while the BRS is, the difference in received power will make the simultaneous reception very challenging for the UE. Alternatively, the eNB could send the same cell specific PSS/SSS repeatedly with a number of different BRSs. However, this would increase the overhead and make it more difficult to use the PSS/SSS unambiguously as timing reference.
In order to keep the UE complexity for detecting beams equally simple as detecting neighbour cells in LTE, we propose beam-specific reference signals for RRM measurements in CONNECTED state. These signals should have similar properties as the PSS/SSS with the primary difference that their time/frequency allocation is not hard-coded in the standard. The UE should be able to perform RRM measurements on these signals and, hence, we denote it mobility Reference Signal (MRS). 

Pending RAN1 confirmation, we propose 
Proposal 1 RS to RRM measurements in CONNECTED state should carry at least a beam identifier. This proposal should be confirmed with RAN1.
In LTE, an RRC CONNECTED UE maintains sync with its serving cell using the synchronization and reference signals provided by that cell. Correspondingly, “RRC driven mobility” in LTE is defined as an RRCConnectionReconfiguration with mobilityControlInfo containing the ID (PCI) of the target cell the UE is supposed to connect. That means, the UE shall attempt to detect the PSS/SSS carrying that PCI and establish downlink sync with that signal and from then onwards maintain sync with that cell. While doing so, it may drop sync with its serving cell. Thereby, the RRC mobility procedure ensures tight and unambiguous synchronization between UE and its serving cell. 
In principle, one could follow the same approach in NR: based on mobility measurement reports from the UE, the eNB could command the UE to synchronize itself with a new MRSs and maintain that sync from now onwards. However, NR is supposed to make use of high gain beamforming in particular on higher carrier frequency. Consequently, the coverage area of the mobility reference signals shrinks compared to the coverage area of a typical LTE cell. This would result in a significant increase of RRC mobility events, which should be avoided. Fortunately, there are cases where it is not necessary to re-negotiate the synchronization reference signal upon moving from one “beam” into another. 
Proposal 2 The UE could choose any MRSs originating from the same or from tightly synchronized transmission points without notifying the eNB.
We assume that the UE determining these relations directly from the mobility reference signals would require the beam ID to encode the cell ID, just like the CRSs in LTE, except that in NR additional constraints may exist. The final decision should happen in RAN1 however possible concerns are the following:

· Potentially high overhead of encoding both a beam ID and a cell ID with a single modulation signal(s);

· Hard limitation on the number of beam-specific RSs defined per cell e.g. 64 beams.

A solution like that may be suitable for a specific frequency range and/or deployment scenario and/or use case (e.g. fixed mobile broadband) but future proofness should also be taken into account.

Observation 2 Encoding the beam ID with the cell ID may introduce potentially large overhead and/or a hard limitation on the number of beam-specific mobility RSs defined per cell

Hence, we would prefer a solution, where the serving gNB configures the UE with a set of serving MRSs and the UE may choose any MRSs with those IDs as initial synchronization source. The would be used to compare the quality of the serving cell in CONNECTED mode with neighbour cells, either via single-beam and/or multi-beam measurements.

In addition to these constraints, enabling the UE to find autonomously the mobility RSs would require some fixed resource allocation of reference signals where the UE would always search which simplifies the UE behaviour but goes against the RAN1 requirement for future proofness i.e. without requiring hard coded signals and/or channels. 

Observation 3 A fully autonomous UE discovery of RSs for RRM measurements in Connected mode may require hard coded resource allocation of RSs in the specifications which goes against agreed RAN1 design principles

However, if RAN1 concludes that the complexity and overhead of transmitting the cell identifier and MRSs in some combined way is acceptable, in order to avoid a hard coded allocation of signals in a carrier some level of configurability would still be needed, either broadcasted or via dedicated signalling. One possibility would be to broadcast this allocation over system information, however, in empty cells not serving CONNECTED UEs the transmissions would simply represent unnecessary overhead since idle mode operation do not need to rely on these mobility RSs. In addition, there seems to be a general consensus to reduce the amount of system information while that would be something in addition to what there is in LTE. Therefore, it is our understanding that a better alternative is to inform via dedicated signalling about the MRS resource allocation associated to the NR cell the UE has just connected and neighbours. The UE can then acquire the set of serving MRSs autonomously from the beams associated by some means with the same PCI allocation in the received MRS resource allocation.

Proposal 3 Resource allocation of mobility RSs for RRM measurement in CONNECTED should be sent over dedicated signalling.

3 Conclusion

The paper captures the following observations:

Observation 1
In NR, since control and data channels are beamformed, reference signals should also be beamformed so that RRM measurements reflect the quality that the UE would experience during data transmission.
Observation 2
Encoding the beam ID with the cell ID may introduce potentially large overhead and/or a hard limitation on the number of beam-specific mobility RSs defined per cell

Observation 3
A fully autonomous UE discovery of RSs for RRM measurements in Connected mode may require hard coded resource allocation of RSs in the specifications which goes against agreed RAN1 design principles



The paper proposes the following: 

Proposal 1
RS to RRM measurements in CONNECTED state should carry at least a beam identifier. This proposal should be confirmed with RAN1.
Proposal 2
The UE could choose any MRSs originating from the same or from tightly synchronized transmission points without notifying the eNB.
Proposal 3
Resource allocation of mobility RSs for RRM measurement in CONNECTED should be sent over dedicated signalling..
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