3GPP TSG RAN WG2 #97	R2-1701999
Athens, Greece, 13th to 17th February 2017 	                Resubmission of R2-1700606
Agenda Item:		10.3.1.1.1
[bookmark: _GoBack]Souce:		Samsung
Title:		The Impact of Beam Sweeping on RRM Measurement
Document for:	Discussion/Decision
Introduction
In the last RAN2 #96 meeting, we discussed several aspects of RRM measurement to support cell-level mobility with RRC involvement. In general, we agreed that the RRM measurement framework of NR will be based on that of LTE, for instance, measurement configuration and reporting. On the other hand, new aspects of RRM measurement that are not considered in LTE, for instance, beam-related operations, should be studied further to clarify how a UE and a gNB perform RRM measurement.

In this contribution, we will investigate the impact of beam sweeping on RRM measurement, which is newly introduced to NR due to the fact that a UE and a gNB can have multiple (analog) beams. Especially, we will focus on the dependence of (a) the measurement period and (b) the time that is required to complete beam sweeping.
Discussion
In high frequency NR, it is expected that a UE and a gNB have multiple beams to compensate high propagation loss in these frequency bands. Accordingly, when the UE receives and measures the quality of a reference signal transmitted by the gNB, the measurement sample is obtained per beam pair (i.e., the UE’s Rx beam and the gNB’s Tx beam). In this context, if the UE wants to find the best beam pair between the gNB and itself, the UE should receive the reference signal transmitted via all of the gNB’s Tx beams using all of the UE’s Rx beams. This operation is called beam sweeping, which obviously consumes non-negligible time.

In the RAN1 #86 meeting, beam measurement and sweeping were defined as follows [1].
· Beam measurement: for TRP(s) or UE to measure characteristics of received beamformed signals.
· Beam sweeping: operation of covering a spatial area, which beams transmitted and/or received during a time interval in a predetermined way.

Moreover, in the RAN1 #85 meeting, they agreed to study the following scenarios from the perspective of L1/L2 beam management.

	Agreements:
Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded.



In addition to the above scenarios, beam sweeping is also required from the RAN2 perspective in order for a UE to measure the quality of serving and neighbor cells. Fig. 1 shows an example of cell quality derivation using beam sweeping.
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Figure 1 Cell quality derivation using beam sweeping.
Note that, in a single beam system where a UE and a gNB are equipped with an omni-directional beam like LTE or low frequency NR, the UE does not need to perform beam sweeping so that can obtain measurement samples from serving and neighbor cells whenever they transmit a reference signal.

However, in a multi-beam system like high frequency NR, a UE can determine the quality of a gNB’s Tx beam after receiving the reference signal on that Tx beam using all of the UE’s Rx beams. Moreover, the UE can determine the quality of a cell after performing this operation repeatedly for all of the gNB’s Tx beams. This statement is valid for any cell quality determination method, for instance, the one based on the best beam, N-best beams, or all detected beams. As a result, we can conclude that the UE can obtain one measurement sample after completing the beam sweeping for all Tx-Rx (or gNB-UE) beam pairs. We herein denote the time for the UE to complete the beam sweeping for all Tx-Rx beam pairs by a full beam sweeping period. Then, it is obvious that the full beam sweeping period is increased as the number of beams at the UE and the gNB is increased.

Observation 1: In a multi-beam system like high frequency NR, a UE should perform beam sweeping for not only L1/L2 beam management, but also serving and neighbor cell measurements to support cell-level mobility.
Observation 2: The UE can obtain one measurement sample after a full beam sweeping period, which is defined as the time for the UE to complete the beam sweeping for all Tx-Rx (or gNB-UE) beam pairs.
Observation 3: The full beam sweeping period is proportional to the number of beams at the UE and the gNB.

One of the important issues on RRM measurement is to decide the reference signal(s) that a UE measures for this purpose. In the last RAN1 #87 meeting, the following agreements are made about this issue.

	Agreements:
Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam RS multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam RS not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/multi-port single-beam RS)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1, 2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1, 2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1, 2, 3}



Although the final decision has not been made yet, many options consider the use of the synchronization signals or the reference signal multiplexed in a SS block. Furthermore, the following agreements in the same meeting stated that SS burst set transmission is periodic from the UE perspective.

	Agreements:
From UE perspective, SS burst set transmission is periodic.
· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network.



In LTE, an eNB transmits CRS (Cell-specific Reference Signal) every subframe so that a UE naturally has an opportunity to measure this signal every subframe. On the contrary, if NR adopts a periodic reference signal for RRM measurement whose transmission period can be larger than 1 subframe, it is unavoidable that the full beam sweeping period depends on the transmission period of this reference signal.

Observation 4: If a periodic reference signal is used for RRM measurement in NR, the full beam sweeping period is also proportional to the transmission period of the reference signal.

We have discussed the full beam sweeping period, which corresponds to the time required for a UE to obtain one measurement sample by completing the beam sweeping for all Tx-Rx beam pairs. We have also noticed that the full beam sweeping period is proportional to (a) the number of beams at the UE, (b) the number of beams at the gNB, and (c) the transmission period of the reference signal for RRM measurement.

It is expected that the number of beams at the UE and the gNB depends on their implementation and that the transmission period of the reference signal may be configurable by the gNB. If these values are very high so that the full beam sweeping period does not fall within a reasonable range, it is obvious that the mobility performance such as handover failure rate would be degraded severely. In regard to this aspect, LTE specifies the time when the UE physical layer reports measurements to higher layers in TS 36.133 [2], as follows.

	8.  UE Measurements Procedures in RRC_CONNECTED State
8.1  General Measurement Requirements
8.1.2.2.1.1  E-UTRAN intra frequency measurements when no DRX is used
…
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 200 ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.



It is desirable that the RRM measurement result (i.e., RSRP/RSRQ used to trigger measurement reporting at the UE’s RRC layer) is available within a pre-defined time period, although the full beam sweeping period is varied according to (a) the number of beams at the UE, (b) the number of beams at the gNB, and (c) the transmission period of the reference signal for RRM measurement. This approach can be an efficient way of guaranteeing the performance of RRM measurement and cell-level mobility.

Proposal: RAN2 is required to consider the impact of beam sweeping on UE’s mobility performance since RRM measurement period can be varied according to (a) the number of beams at the UE, (b) the number of beams at the gNB, and (c) the transmission period of the reference signal for RRM measurement.
Conclusions
Observation 1: In a multi-beam system like high frequency NR, a UE should perform beam sweeping for not only L1/L2 beam management, but also serving and neighbor cell measurements to support cell-level mobility.
Observation 2: The UE can obtain one measurement sample after a full beam sweeping period, which is defined as the time for the UE to complete the beam sweeping for all Tx-Rx (or gNB-UE) beam pairs.
Observation 3: The full beam sweeping period is proportional to the number of beams at the UE and the gNB.
Observation 4: If a periodic reference signal is used for RRM measurement in NR, the full beam sweeping period is also proportional to the transmission period of the reference signal.

Proposal: RAN2 is required to consider the impact of beam sweeping on UE’s mobility performance since RRM measurement period can be varied according to (a) the number of beams at the UE, (b) the number of beams at the gNB, and (c) the transmission period of the reference signal for RRM measurement.
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