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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#86bis, the following was agreed [2]:

Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.
· Detailed definition of NR cell FFS
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:
· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement
· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded
· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.
· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ
· Study the following options for RRM measurement quantities to be reported for L3 mobility:
· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· Option 2: derived per beam
· Option 3: A combination of option 1 and 2
· Other options are not precluded
· FFS for other UE states (if introduced by RAN2)

This contribution discusses the advantage of utilizing a common reference signal (RS) for beam management and mobility and the conditions of the RS.

RS for initial beam association and mobility
In high frequency system such as over 6GHz, narrow beams can be utilized to overcome the large path loss. As a single narrow-beam is not able to cover the whole service area, multi-beam sweeping needs to be supported when broadcasting (i.e., cell-specific) signals/channels such as NR-SS and NR-PBCH are transmitted. However, it would be inefficient to transmit UE-specific signals such as UE-specific control channel and data by multi-beam sweeping. Instead, a single narrow-beam of TRP which is well-aligned with UE can be utilized for UE-specific signals transmission. To maximize the quality of the received signal carried on a certain TRP Tx beam, UE also need to find the corresponding best Rx beam. The procedure of fine beam association between TRP Tx beam and UE Rx beam for UE-specific signals transmission is defined as beam management procedure P-1 in RAN1#86. For initially accessed UEs, it is inevitable to utilize multi-beam sweeping or composite multiple narrow beams even for UE-specific signals transmission before performing initial fine beam association. For the initial fine beam association, the configurations of reference signal (RS) and reporting are required. To enable UE to choose the best beam pair between TRP and UE, RS for initial fine beam association needs to be designed to carry all the possible TRP Tx beam-IDs. After performing RSRP measurement on the received RS, UE decides the TRP Tx beam and UE Rx beam to be associated and report the selected TRP Tx beam information to TRP.
As discussed in our companion contributions [3, 4], cell-specific and periodic RS named BRS is beneficial for the initial beam association. The benefits are summarized as follows:
· As initial beam association needs to be done by all the UEs in the cell, utilizing cell-specific and periodic RS is reasonable in the sense of system efficiency.
· Cell-specific and periodic RS enables fast fine beam association. Fast fine beam association can highly increase the reliability and efficiency of data transmission.
Since BRS is cell-specific, it can be configured in, for example, essential SI delivery channel(s). Moreover, as discussed in our companion contribution [5], it is preferred to use BRS spread over a wideband to achieve accurate measurement on the beam.
Meanwhile, in the L1/L2 mobility perspective, cell-specific and periodic RS is essential as it is natural to constantly transmit a RS carries all the possible TRP Tx beam-IDs in a cell of connected UEs. A RS with smaller set of beam-IDs also can also be used for L1/L2 mobility, however, it may not be enough to support UE to move everywhere in a cell while maintaining a good connectivity. It can rather be used to refine the pre-associated TRP Tx or UE Rx beam. In this sense, NR needs to support two types of RSs for L1/L2 mobility, one is with all the possible TRP Tx beam-IDs and the other is with smaller set of TRP Tx beam-IDs. The first type of RS may be aligned with beam management procedure P-1 while the second type of RS is aligned with beam management procedures P-2/P-3. Therefore, BRS which is cell-specific and periodic RS designed for initial beam association can be also used for L1/L2 mobility purpose.
One additional benefit of using BRS is that it can be also used for L3 mobility such as handover. As NR has no always-on RS such as CRS in LTE, BRS can be a good RS for measurement for handover. However, to allow UE to perform measurement on BRS for handover purpose, information of BRS of neighbouring cells needs to be informed to UEs. It is preferred to avoid heavy configuration of multi-cell measurement and more discussion on this issue can be found in our companion contribution [4]. BRS also can be exploited by non-connected UEs for cell-selection and cell-reselection as it is cell-specific and periodic.
Overall, NR needs to support BRS as it is versatile to be used not only for beam management but also for mobility of connected and non-connected UEs.

Proposal 1: NR to support BRS for beam management as well as for mobility of connected and non-connected UEs. The characteristics of BRS are as follows:
· Cell-specific and periodic
· Designed to enable wideband beam measurement
· Carry all the possible TRP Tx beam-IDs in a cell

Conclusions
The proposal of this contribution is summarized below:
Proposal 1: NR to support BRS for beam management as well as for mobility of connected and non-connected UEs. The characteristics of BRS are as follows:
· Cell-specific and periodic
· Designed to enable wideband beam measurement
· Carry all the possible TRP Tx beam-IDs in a cell
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