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1. Introduction

RAN1 had extensively discussion on NR design in last RAN1 #86 meeting, including waveform, modulation, numerology, MIMO, channel coding, mobility and etc. In this contribution, we provide analysis on RRM impact based on the progress of initial access, mobility and beam management.
2. Progress of other working groups
In this section, we briefly summarize the latest progress of RAN1 in relation to RRM work.
2.1. On initial access and synchronization:
	Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations

· Licensed band and unlicensed band operations

· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)


2.2. RRM measurement and mobility
	Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item


	Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now


3. RRM consideration
3.1.  Initial access and synchronization

Initial access procedure in LTE comprises three parts, which are cell time/frequency synchronization, system information reading and random access, respectively. Basically, similar procedure is promising in 5G based on RAN1/2 discussion. Corresponding RRM requirements will be developed once the design become stable. As can be observed in section 2.1, RAN1 is striving for a common framework design for initial access, including for example structure of synchronization signals. More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

o
Single beam based and multi-beam based deployments

o
TDD and FDD operations

o
Different/mixed numerologies

o
Standalone and non-standalone operations

o
Licensed band and unlicensed band operations
A common framework design for initial access is beneficial to reduce the complexity of UE implementation. From RRM perspective, we can have following observation:

Observation 1: a generic RRM requirement framework for initial access covering single/multi-beam based deployments, TDD and FDD operations, different/mixed numerologies, standalone and non-standalone operations, licensed/unlicensed band operations could be possible.
Furthermore, when we discuss the initial access requirement the following aspects might be taken into account:

· time/frequency synchronization time delay

· necessary system information acquisition time 

· random access delay, etc. 
However, detailed analysis on each part is pending more RAN1/2 input.
3.2. RRM measurement and Mobility

3.2.1. Beam management
As we all know, RRM measurement is essential for mobile communication. Power-based and quality-based measurements have been introduced since GSM for different purpose. Here we briefly summarize the RRM measurement objects and corresponding use case in LTE, which are:

Table 1 fundamental measurement objects and corresponding use case in LTE
	Measurement object
	Use case

	RSRP
	Cell selection/reselection, handover, uplink power control, carrier management, etc

	RSRQ
	Cell selection/reselection, handover 

	PSS/SSS
	Coarse time/frequency synchronization

	RSTD
	Positioning

	UE Rx – Tx time difference
	Positioning 

	…
	…


Besides these fundamental measurement objects, there are also other ones e.g. RS-SINR, SSTD, CSI-RSRP, S-RSRP and etc which apply for individual technical feature. When we come to 5G, we believe at least some of these fundamental measurement use cases are still there, e.g. keeping time/frequency synchronization is still essential, power-based and/or quality-based measurements are still necessary for mobility and positioning is also important functionality. Furthermore, as beamforming is to be extensively utilized in 5G, some new RRM measurements based on beam are needed to support beam management/mobility. 

Actually some progress was made on beam management in last RAN1 #86 meeting. Three procedures were agreed, called P-1, P-2 and P-3 respectively, which can be found in section 2.2. Here we would like to provide some preliminary analysis on RRM impact of these agreed procedures.

1) P-1: 
	· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially


It can be observed that P-1 is to support beam selection, including TRP Tx beams and UE Rx beam selection. One thing needs to be highlighted is that P-1 is based on UE measurement. On one hand, UE will perform measurement on different TRP Tx beams while TRP sweeping its Tx beams to determine the most suitable Tx beam. On the other hand, UE also need to sweep its Rx beam to find the best one. 

From RRM requirement perspective, UE should be required to finish measurement on each possible beam within certain time period T. T will be determined not only by beam characteristics designed in RAN1, but also the consideration of UE power consumption. UE needs to perform DL beam measurement when the associated TRP sweeping its Tx beams and reports the corresponding measurement result to assist TRP Tx beams selection. Meanwhile, UE also needs to sweep its Rx beam to determine the most suitable one. Eventually the best Tx/Rx beam pair will be selected. It is straightforward that a short T can increase the efficiency of beam management. But the price is also obvious: significant UE power consumption. All of these should be taken into account when we develop the corresponding beam selection RRM requirement.
Observation 2: beam selection RRM requirement is probably needed to guarantee the suitable selection of Tx/Rx beam pair.
The possible RRM requirement on this area might include for example measurement period, measurement accuracy, reporting delay and etc. Besides, some definition on “suitable” beam is also needed to make the requirement clear. 

2) P-2

	· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
Note: P-2 can be a special case of P-1


P-2, Tx beams reselection, can be deemed as a special case of P-1. After suitable Tx/Rx beam pair selection, due to UE mobility, rotation, blocking and some other reason the quality of serving beam pair might fluctuate. Therefore, UE still need to keep monitoring the quality of the serving beams and probing the more suitable “neighbor” beams (beams which are close to the serving beams). During this procedure, UE may not need to repeat the whole P-1 procedure. Instead, focusing on a possibly smaller set of beams for beam refinement than in P-1, e.g. only for neighbor beams, would probably reduce the evaluation time. It is rational to assume that the time period of P-2 will be shorter than P-1 in this case. However, this conclusion of course is pending on RAN1/2 design. 

Observation 3: from RRM perspective, delay of measurement and report for beam refinement may be shorter than that of beam selection.
3) P-3

	P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming


The intension of P-3 is to find the suitable Rx beam of UE for the same TRP Tx beam if beamforming. We think this procedure shall be finished rather quickly. First of all, this may have significant impact on traffic latency in beam selection state. Secondly, this is also critical in beam refinement, as beam pair quality is quite sensitive to mobility, rotation, blocking and etc. Quick beam sweeping can reduce the “interruption” time when serving beam pair getting weaker. 
3.2.2. Mobility
It was agreed in last RAN1 #86 meeting that for RRM measurement in NR, at least DL measurement is supported with the consideration on both single-beam based operation and multi-beam based operation. All the analysis on beam management in section 3.2.1 is based on DL measurement. From RRM aspect, requirements related to DL measurement may include following parts:
· Cell/beam time and frequency synchronization time
· Cell/beam specific signal measurement period, accuracy and reporting delay

· Cell selection/reselection and evaluation delay

· UE specific signal measurement period, accuracy and reporting delay

· Beam determination/refinement delay

· etc

However, it doesn’t mean DL measurement is a complete solution, which can also be found in RAN1 agreement (yellow highlight in follow).

	Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now


There are also several application scenarios of UL-based mobility measurement, e.g. for TRP selection in NR cell. There will be common non-UE specific RS for measurement within the NR cell when beamforming is utilized. According to the definition of NR cell, a NR cell might include one or multiple TRPs. For multiple TRPs case, TRPs within the NR cell can be transparent to UE due to the common DL RS. In UL-based measurement, UE will send SRS-like signal to network. Thus different TRPs within NR cell can measure UE’s UL signal and network can perform joint TRP selection based on measurement results from multiple TRPs.
Furthermore, in dense network deployment scenarios, the conventional DL-based mobility approach requires significant DL RS measurements and feedback by the UE. When UE number to TRP port number ratio is large, DL based measurement is reasonable since this can be viewed as sharing the measurements task among the UEs. However when the UE number to TRP port number ratios becomes lower or few UEs moving at the edge, e.g. considering the tidal effect of UE distribution, UL measurement based mobility will be more efficient to reduce the possible downlink common signals.

One may have concern on the power consumption of UL-based measurement in power saving mode. Actually, UL-based tracking energy consumption has been studied in [1] and it has been shown that it can reduce the UE total energy consumption compared to the LTE-based DL measurement feedback cell re-selection. Unlike in LTE idle state where UE’s location is only known within a large Tracking Area (TA) that may include many TRP coverage regions, UE under power saving mode in NR network can be closely tracked by NW and NW typically knows which TRP is the most suitable choice to communicate with the UE. Thus UE would not need to send an actual message to identify itself to the network. Instead it could use a short time allocation, narrow band and low power signal which can be detected by one or more TRPs in the "cell" in order to track the UE. By this way, the extra power consumption on uplink transmission will be negligible. Meanwhile, UE doesn’t need to perform DL measurement in this case. Especially, in DL based measurement in LTE, UE sometime need to wake up during DRX-off stage to perform measurement, which can be avoid in UL based measurement. Therefore, power consumption can be reduced somehow.
From RRM point of view, if UL based measurement is utilized it’s encouraged to investigate how to structure the corresponding RRM requirement. As we all know all the measurement related requirements specified in LTE are DL based and it probably can’t be directly reused in this case. More specifically, measurement related requirements under RRC_CONNECTED state in LTE comprise three parts, which are measurement accuracy, measurement period and reporting delay respectively. All of these reside on UE. However, all of these will reside on network when we come to UL based measurement. Thus RAN4 needs to consider how to specify corresponding requirements at network side, e.g. for measurement accuracy and period. 

Actually in existing LTE specification there are indeed measurement requirements at network side. For example, in TS36.111, UL RTOA related measurement time, accuracy and report requirements are specified.
Observation 4: if UL based measurements are utilized, RAN4 need to investigate how to structure the corresponding RRM requirements.
4. Conclusions

In this contribution, we briefly summarize the latest progress in RAN1 on initial access, mobility and beam management in section 2. Based on the agreed made in RAN1, we provide the analysis on RRM impact. After discussion, the following observations are proposed:
Observation 1: a generic RRM requirement framework for initial access covering single/multi-beam based deployments, TDD and FDD operations, different/mixed numerologies, standalone and non-standalone operations, licensed/unlicensed band operations could be possible.

Observation 2: beam selection RRM requirement is probably needed to guarantee the suitable selection of Tx/Rx beam pair.
Observation 3: from RRM perspective, delay of measurement and report for beam refinement may be shorter than that of beam selection.
Observation 4: if UL based measurements are utilized, RAN4 need to investigate how to structure the corresponding RRM requirements.
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