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1 Introduction

This contribution is also submitted to RAN2 as R2-165540 and is provided for information in RAN1 to give further details on connected mode mobility. 
In RAN2#94, the following agreements concerning RRC CONNECTED mobility were captured:

Agreements


Two levels of network controlled mobility:

1: RRC driven at ‘cell’ level.

2: Zero/Minimum RRC involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell

In this paper, we discuss how an NR UE in RRC CONNECTED should perform RRM measurements and propose a definition of “RRC driven mobility” relying on these measurements. We hope that this discussion will improve the common understanding of the last meeting’s agreement and think that based on those definitions RAN2 can further progress the work on mobility related aspects. However, we also conclude as a result of our analysis that RAN2 should not attempt to define the notion of a “cell” in CONNECTED mode until RAN1 has progressed the design of sync- and reference signals, their relation to each other and the assumptions regarding beamforming. 

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.

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).
Proposal 1 NR UEs in RRC CONNECTED state should be able to distinguish beam-specific mobility reference signals for RRM measurements.

Proposal 2 Beam-specific mobility reference signals in RRC CONNECTED should contain a Beam Identifier (ID).

2.2 Beam management vs. RRC level mobility

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. 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 cannot determine these relations directly from the mobility reference signals since it would be unnecessary complexity and cause additional overhead. Hence, the serving eNB should should configure the UE with a set of serving MRSs and the UE may choose any MRSs with those IDs as initial synchronization source. 

The UE will detect and measure MRSs in the same way, irrespective whether their IDs are listed in the “set of serving MRSs”. However, it will use the measurement result for a listed serving MRS differently in the measurement event evaluation and in the reporting 

Proposal 3 Upon connection establishment and during RRC level mobility, the network configures the NR UE with a “set of serving MRSs”.

We explained above that it is possible to beam-form MRSs, i.e., to create several MRS beams from a single transmission point. However, one should keep in mind that it is up to network configuration and transparent to the UE whether several MRSs are beam-formed within a sector or whether a single MRS covers the entire sector. 

In LTE, all physical channels are scrambled with the cell ID that the UE acquired from the PSS/SSS. This scrambling ensures that UEs can distinguish transmissions of the serving cell from transmissions of the neighbour cells. Furthermore, the different scrambling sequences randomize the neighbour cells’ interference. 

Since the MRS is beam specific and since the chosen MRS within the “serving MRS set” should be transparent to the NW, one cannot use the MRS ID to determine scrambling sequences. At a first glance, this may appear to be a problem. But MRSs are anyway only intended for operation in CONNECTED mode where the UE should operate in accordance with a dedicated RRC configuration. Hence, the scrambling ID to be used by RRC Connected UEs should be conveyed by dedicated signalling rather than derived from a synchronization signal. The same reasoning is true for other L1 parameters, such as the DMRS.

Proposal 4 L1 parameters such as the scrambling ID to be used by RRC Connected UEs are conveyed by dedicated RRC signalling.

2.3 IDLE and CONNECTED signals 

An LTE UE uses cell specific sync- and reference signals (PSS/SSS/CRS) both in IDLE and CONNECTED mode. Based on these signals it detects and measures cells; it performs cell-reselection in IDLE; it generates RRM measurements in CONNECTED; it maintains sync for data reception and it may even use them as reference signals for data demodulation. While such re-use has certain advantages, it also limits the flexibility and evolution of the radio technology. For example, unicast transmission in CONNECTED mode should make extensive use of beamforming, possibly UE-specific optimizations which might lead to very high gains e.g. for data channels. For these reasons, the UE should rely on MRSs to distinguish beams in CONNECTED mode, as described in Sections 2.1 and 2.2.

On the other hand, beamforming could be less beneficial in IDLE mode, creating some potential overhead. Similarly, the sync and reference signals for IDLE mode operation (cell reselection) could potentially be sparser in time than those used for CONNECTED mode measurements and mobility so that it could make sense to enable the network to optimize these signals differently if possible.

Consequently, until RAN1 does not progress the design of reference signals and the assumptions associated to beamforming, RAN2 should not assume at this point that UEs in IDLE and CONNECTED use the same sync- and reference signals. 

Proposal 5 Sync- and reference signals for IDLE and CONNECTED should not be assumed to be the same.

3 Conclusion

The paper proposes the following: 

Proposal 1
NR UEs in RRC CONNECTED state should be able to distinguish beam-specific mobility reference signals for RRM measurements.
Proposal 2
Beam-specific mobility reference signals in RRC CONNECTED should contain a Beam Identifier (ID).
Proposal 3
Upon connection establishment and during RRC level mobility, the network configures the NR UE with a “set of serving MRSs”.
Proposal 4
L1 parameters such as the scrambling ID to be used by RRC Connected UEs are conveyed by dedicated RRC signalling.
Proposal 5
Sync- and reference signals for IDLE and CONNECTED should not be assumed to be the same.
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