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1. Introduction

A WF covering all the NR RRM topics was approved in [1] in RAN4 #81. Whereas, some agreements on beam management were reached as follow:
Way forward in RAN4#81

· Further investiations of requirements for beam based measurement (such as BRS) and possible means to perform fast beam identfication and beam measurements

· Further investigate the relation between one or more beam-based measurement and non-beamformed measurements (e.g. number of beam-based measurements and non-beamformed measurements that can be done in parallel)

· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement

Based on this and the latest agreements in RAN1 NR-AH, we provide further consideration on beam management from RRM perspective in this contribution.
2. Discussion
Beamforming is a critical technology in NR to overcome the coverage issue in high carrier frequency and can also improve system throughput. The physical layer design and associated procedure have being discussed in RAN1 and RAN2 from several meetings. Although the design is not yet completed, the picture is becoming more and more clear. From RAN4 RRM point of view, we need to develop some set of requirements to guarantee the beamforming performance. In this section, we provide our analysis on RRM requirements for beam management from the following aspects.
· TRP TX beam determination
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Figure 1 TRP TX beam sweeping
TRP would sweep its TX beam through all the directions in coverage from time to time. For example, the TRP sweep its TX beam through four different directions, called TX beam 1 to TX beam 4 as depicted in Figure 1. According to RAN1 design, the TX beams can be distinguished by UE. UE will try to identify beams which are detectable. Then UE will evaluate the quality of each TX beam and select the best one(s) as its serving beam. On this procedure, RAN4 need to specify some RRM requirements on beam identification to make sure that UE won’t take too long to identify a detectable beam. The requirements could be specified in terms of beam identification delay, number of beams UE should be capable of detecting simultaneously (if beams are CDM), corresponding side condition and etc. Note that if UE RX beamforming is utilized, beam identification delay would be affected by UE RX beam sweeping procedure. The reason is that for each TRP TX beam, different RX beam may have difference experience.
Observation 1: RAN4 needs to develop TX beam determination RRM requirements. The requirements could be specified in terms of beam identification delay, number of beams and corresponding side condition.
· UE RX beam determination

[image: image2.emf]RX beam 3

RX beam 2

RX beam 1

TRP

UE


Figure 2 UE RX beam sweeping
UE RX beam sweeping is also supported in NR if UE RX beamforming is supported by the UE. The procedure of UE RX beam sweeping is similar with TRP TX beam sweeping: for each TX beam UE will sweep its RX beam to perform evaluation to find the best RX beam for each TX beam. Then UE can determine the best beam pair after a serious of measurement. According to RAN1 agreement, TRP TX beam determination and UE RX beam determination can be perform jointly or sequentially. 

After the beam pair is selected, UE needs to monitor the link quality. Any change in position and UE pose may lead to the change of best RX beam. This change would occur quite frequently in real practise. We think it’s very challenging to specify RRM requirement for this procedure. On the other hand, UE could have different antenna implementations, which might lead to different RX beam sweeping mechanism. Thus specifying RRM requirements for this procedure might put some limit on UE implementation. Actually, this procedure is likely included in TRP TX beam determination procedure. Thus we believe specific requirement for UE RX beam sweeping may be unnecessary.

Observation 2: specific RRM requirements for UE RX beam sweeping procedure may be unnecessary.
· Beam measurement and reporting

In RAN1 NR-AH in Spokane the following agreements were reached w.r.t. beam reporting.

	R1-1701321
WF on beam reporting
Samsung, KT
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:

· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both

· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.


As can be observed, UE should be capable of measuring multiple beams. This is quite critical because the best beam could be changed from time to time due to UE mobility. 

[image: image3.emf]TX beam 4

TX beam 3

TX beam 2

TX beam 1

TRP

UE

UE


Figure 3 Beam reselection
Now assume UE moves to another region as can be seen in Figure 2. Then TX beam 3 is not the best TX beam for the UE anymore. In fact, TX beam 2 now become the best suitable beam. The procedure requires UE to keep evaluating the received beams to make sure that it can timely determine which beam is the best. Once a better beam is found, UE needs to report this information to TRP so that the TRP can change the serving TX beam for the UE. From RAN4 perspective, we need to specify some set of RRM requirements to make sure that UE can connect to the best beam(s) most of the time. The requirements can be defined in terms of measurement period, reporting delay, number of beams UE should be capable of monitoring and etc.
Observation 3: beam based RRM measurement requirements could be specified in terms of measurement period, reporting delay and number of beams UE should be capable of monitoring.
· Beam monitoring based on NR-PDCCH
Similar with radio link monitoring in LTE, it was agreed in RAN1 that NR-PDCCH transmission supports robustness against beam pair link blocking:
	Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE


As can be seen, UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously. Note that M≥1 and maybe not all the beams monitored are used for NR-PDCCH reception. That is something different from LTE, whereas UE only needs to monitor the link where it receives PDCCH. Thus the method of monitoring hypothetical PDCCH BLER in LTE can’t be reused at least for the beam pair link(s) which doesn’t carry NR-PDCCH for the UE. A tentative way is to perform measurement on the RS embedded in NR-PDCCH. Based on the power and/or quality of measurement UE can judge whether the beam pair link is blocked or not. 
On the other hand, NR also supports that UE can trigger mechanism to recover from beam failure:

	R1-1701481
WF on Beam Recovery in multi-beam NR systems
Qualcomm, Nokia, ASB, Xinwei, Intel, Interdigital
Also supported by LG, Ericsson, OPPO
Agreements:

· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead


From RRM perspective, we need to specify corresponding requirements on this UE behavior. The requirements could be in terms of measurement quantity, evaluation period and UE behavior regarding recovery from beam failure. However, the whole picture of beams pair link monitoring is not so clear at this stage. More RAN1 and RAN2 input are still needed. 
Observation 4: RAN4 needs to study beam pair link monitoring RRM requirements.
· Non-beamforming measurement
There are also scenarios where beamforming technology is not used, e.g. low carrier frequency and non-standalone scenarios. This is more like the legacy scenarios as UMTS and LTE. In this scenario all the RRM measurements will be based on non-beamforming RS. It was agreed in [1] that RAN4 is to investigate the relation between one or more beam-based measurement and non-beamformed measurements.
Actually, beam is transparent to UE. What UE can see are different sets of resource. Each beam corresponds to a set of resource. These resources could be TDM and/or FDM and/or CDM, thus can be distinguished by the UE. It’s promising that measurement requirements related to beams will be developed based on resource setting, e.g. measurement period might be specified in terms of multiple SS block occasion.
Non-beamforming scenario can be deemed to be a special case of beamforming scenario, i.e. each cell corresponds to a TX beam (a set of resource) and UE in coverage is served by a single large beam. UE Measurement for mobility purpose is also based on this set of resource. Therefore, RRM requirements for non-beamforming measurement could be a subset of beam based measurement requirements. 
Observation 5:RAN4 may not need to define specific RRM measurement requirements for non-beamforming measurement.
3. Conclusions

In this contribution we provide our view on RRM requirements on beam management. After discussion the following observations are provided:
Observation 1: RAN4 needs to develop TX beam determination RRM requirements. The requirements could be specified in terms of beam identification delay, number of beams and corresponding side condition.
Observation 2: specific RRM requirements for UE RX beam sweeping procedure may be unnecessary.
Observation 3: beam based RRM measurement requirements could be specified in terms of measurement period, reporting delay and number of beams UE should be capable of monitoring.

Observation 4: RAN4 needs to study beam pair link monitoring RRM requirements.
Observation 5:RAN4 may not need to define specific RRM measurement requirements for non-beamforming measurement.
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