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Motivation
※ Note: The validity of the issue dealt with in this contribution depends on the RAN1 study on additional RS. As a result, we believe that it will be possibly discussed during the WI phase based on the final RAN1 decision.

RAN2 is now actively discussing RRM measurement for both idle and connected mode UEs in order to support cell-level mobility in NR. While RAN2 agreed that the RRM measurement framework of NR is based on that of LTE, RAN1 are still studying which RS (Reference Signal) will be used for the RRM measurement in NR. With regard to this aspect, the following agreements were made in the RAN2 #96 meeting.

	Agreements:
1. An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g., synchronization signal).
2. An RRC_CONNECTED UE should be able to perform RRM measurements on additional RS (e.g., CSI-RS, MRS, etc.).
3. Network should be able to configure RRM measurements via dedicated signaling to be performed on additional RS and/or IDLE RS.
Above agreements 2 and 3 are based on the assumption that RAN1 will be define additional RS or connected mobility purposes which is not yet concluded in RAN1.



According to the RAN2 agreements above, more than one RS could be used by a connected mode UE to perform RRM measurement. RAN1 further studied this aspect in the RAN1 #88 meeting and made the following agreements.

	Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode.
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement.
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement.

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS.
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead.
· Detection of neighbor cell for measurement is based on NR-SS.



Note that both idle and connected mode UEs in LTE perform RRM measurement using CRS (Cell-specific RS), which is transmitted on the same analog beam pattern with data (i.e., PDSCH). If the analog beam pattern for the idle mode RS (i.e., the RS used by an idle mode UE for RRM measurement) is different from that for the connected mode RS in NR, this aspect can be considered to be a noticeable difference from LTE. In this context, we focus on the following issue.
· If the analog beam pattern for the idle mode RS is different from that for the connected mode RS, what is the impact of this on mobility procedures?

Please note that this issue is valid only when the following assumptions are held.
· Additional RS for a connected mode UE (i.e., the connected mode RS) is introduced by RAN1.
· The analog beam pattern for the connected mode RS is different from that for the idle mode RS.
· The connected mode RS is not an “always-on” signal, regardless of cell-specific or UE-specific.
· It means that triggering cell (re)selection or handover can be solely based on the idle mode RS without measuring the connected mode RS.
Discussion
First of all, we remind that NR supports both single beam and multi-beam systems. Furthermore, it was agreed that the RRM measurement in NR should be based on a common framework regardless of network beam configuration (e.g., number of beams) and UE beam configuration. Under this situation, as a gNB is equipped with a larger number of beams, it is more plausible that the analog beam pattern for the idle mode RS is different from that for the connected mode RS due to the following reasons.
1 The idle mode RS (e.g., synchronization signals and/or DM-RS for PBCH) is always-on and should be swept to cover all directions within a cell. Due to such “always-on” and “beam sweeping” natures, transmitting the idle mode RS using very narrow beams should cause large overhead in terms of radio resources, which should be avoided.
2 If the connected mode RS is introduced, it is mainly used to select the beam(s) for data Tx/Rx. Then, it is desirable that a gNB transmits the connected mode RS using the beams that are also used to transmit data, which may be transmitted using narrow beams to obtain high (analog) beamforming gain.
3 Based on ① and ②, using narrow beams is beneficial to the connected mode RS, but not to the idle mode RS, and vice versa. As a result, it is expected that the analog beam pattern for the idle mode RS can be different from that for the connected mode RS.

Observation 1: The analog beam pattern for the idle mode RS can be different from that for the connected mode RS due to the different characteristics of idle and connected mode RSs.

We now focus on how different analog beam patterns of idle and connected mode RSs have an impact on mobility procedures. Let’s investigate the RRC connection establishment and handover procedures as an example.

Example 1: RRC connection establishment procedure

In this example, the idle mode UE first measures the idle mode RS and performs the RA (Random Access) procedure towards a cell for RRC connection establishment. Then, the UE and the gNB exchange the RRC messages, as shown in Fig. 1. If the UE’s state is changed from idle to connected, the UE is anyway required to select a set of beams for data Tx/Rx, which can be performed by measuring the connected mode RS. Obviously, it is desirable that the UE can use these refined beams as soon as possible after the RRC connection is established. One option is to allow the UE to find the refined beams by measuring the connected mode RS in parallel with the RA and RRC connection establishment procedures.



Figure 1 RRC connection establishment procedure

Example 2: Handover procedure

We herein assume that the connected mode UE measures the idle mode RS to trigger measurement reporting, which can happen according to the current RAN1/2 agreements. If the source gNB initiates handover after coordinating with the target gNB, it sends the handover command to the UE. Then, the UE performs the RA procedure and sends the handover complete message to the target gNB.

As observed in the previous example, it is also desirable that the UE can use the refined beams in the target gNB as soon as possible after the handover is complete. One option is to allow the UE to find the refined beams by measuring the connected mode RS in parallel with the handover procedure.



Figure 2 Handover procedure

From the two examples above, we observe that the RRM measurement based on the idle mode RS requires the UE to refine the beams for data Tx/Rx, which can be done by measuring the connected mode RS. In this context, we have the following observation and proposal.
Observation 2: The RRM measurement based on the idle mode RS requires the UE to refine the beams for data Tx/Rx, which can be done by measuring the connected mode RS.
Proposal: It is required to investigate how the UE refines beams in case where RRM measurement is based on the idle mode RS, which can be transmitted using the different analog beam pattern with the connected mode RS and/or data. This issue will be possibly discussed during the WI phase based on the RAN1 decision about the role of the additional RS for L3 mobility.
Conclusions
Observation 1: The analog beam pattern for the idle mode RS can be different from that for the connected mode RS due to the different characteristics of idle and connected mode RSs.
Observation 2: The RRM measurement based on the idle mode RS requires the UE to refine the beams for data Tx/Rx, which can be done by measuring the connected mode RS.
Proposal: It is required to investigate how the UE refines beams in case where RRM measurement is based on the idle mode RS, which can be transmitted using the different analog beam pattern with the connected mode RS and/or data. This issue will be possibly discussed during the WI phase based on the RAN1 decision about the role of the additional RS for L3 mobility.
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