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1. Introduction

RAN4 had initial discussion on NR RRM in previous RAN4 #78bis and #79meeting. Basically there are two main topics under discussion in current stage. One is the general RRM impacts of NR considering the standardization progress of other working groups. Another one is on how to perform the testing for NR given the number of antenna ports might be increased on high frequency above 6GHz. In this contribution, we briefly summarize the outcome from other working group and then analyze the potential impact on RRM.
2. Progress of other working groups
In this section, we briefly summarize the progress of other working groups in relation to RRM work.
2.1. RAN1 progress 
1) Numerology and frame structure 
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology (R1-165517)
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology (R1-165517)
· For the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment is supported (R1-165886)
· NR should support flexible NW and UE channel bandwidth (R1-164632)
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth (R1-164632)
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission (R1-165840 )
2) Forward compatibility
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported (R1-165628)
· FDM and/or TDM multiplexing can be considered 

· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study 
· multiple frequency/time portions using different numerologies share a synchronization signal 

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal 
· HARQ timing is explicitly indicated and MIB is decodable based on an ID used for sync signal.
3) Multiple access
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB 

· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment 

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics 

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB 

· Multiple UEs can share the same time and frequency resources 

4) Multiple antenna techniques
For beamforming structure and beam based access, multiple beams and single beam were agreed to be further studied (R1-165563), including the beam management issues. For CSI acquisition, implicit, explicit and reciprocity based feedback, and interference measurement were agreed to be studied in NR (R1-165654). For RS design for CSI acquisition, UE-specific, Non-UE-specific and hybrid RS use cases for CSI measurement, RS for interference measurement, and aperiodic RS were agreed to be studied in NR. For UL MIMO, Reciprocity and non-reciprocity based UL MIMO, and UE beamforming were agreed to be studied in NR. TRP/UE antenna modelling for MIMO calibrations were agreed in the meeting (R1-166011).
2.2. RAN2 progress

1) Deployment scenarios
· LTE-NR aggregation scenarios

· LTE and NR have same coverage (co-located), either macro or small cell

· LTE and NR have different coverage (co-located or not), one is macro one is small

· CN connection for LTE-NR aggregation

· Non standalone NR tightly integrated in LTE via EPC

· LTE tightly integrated in NR via New CN 



· NR tightly integrated in LTE via New CN 

· Standalone NR

· macro only, hetnet, small cell only

· NR connected to new CN, LTE connected to EPC or new CN

· WLAN integration with NR is to be supported

2) NR common
· 1 NR eNB corresponds to 1 or many TRPs

· This does not define anything about what a “cell” is, how/whether the different TRPs are exposed to the UE, etc.

· Two levels of network controlled mobility

· RRC driven at "cell" level. 

· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

· FFS what is the definition of a cell

· QoS handling

· The "data radio bearer" (DRB) defines the Over-The-Air packet treatments in the RAN. 

· A DRB serves a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc. 

· A separate DRB is defined for each different packet forwarding treatment required.

· Support of multiple verticals in one UE

· Inconclusive discussions on what is possible exactly

· Some combinations would not make sense (e.g. MTC and eMBB) but others could (e.g. eMBB and V2Something)

· Open whether there would be a single/multiple L1 or MAC, or multiplexing on the same bearer according to QoS
3) Mobility
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.

For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.

Minimise context move as a consequence of UE based mobility.
2.3. RAN3 progress 
The following functions were listed as functions specific for NR RAN: Network Slice support, Tight interworking with LTE, Multi connectivity, LTE-NR handover through LTE-NR interface. NR RAN may also have LTE-NR handover via CN. 
3. RRM impact
Typically the RAN4 RRM work on requirements and corresponding conformance tests will be started once RAN1/RAN2/RAN3 et.al. have completed their work or have reached a certain level of stability/progress. However, RAN4 could be involved in this work at an early stage to assist RAN1/RAN2 to down select the possible schemes because one of the key metrics for physical measurement quantity is reporting delay and measurement accuracy which is implicitly having impacts to the system throughput and the mobility performance [1]. While there is some good progress from other WGs as summarized in Section 3, it seems that more detailed agreements are needed for RAN4 to be able to go into a detailed discussion. In this section, we therefore focus on potential RRM impact due to a new UL-based measurement idea that has been proposed in previous RAN1/RAN2 meetings.
In existing LTE system, RRM measurement is essential for mobility and uplink power control. More specifically, UE need to use PSS/SSS to obtain the PCID and downlink synchronization of neighbour cells, and then perform RRM measurement based on CRS from cells surrounding for cell selection/reselection and handover. Also, RSRP measurement for serving cell is also essential for uplink power control, which has significant impact on system throughput. Note that the RRM measurement in LTE is DL-based measurement. Meanwhile, UL-based measurement is meant to provide some unique benefits. For instances, for network power saving and interference reduction, DL measurement signal transmission should be reduced in dense networks, especially minimizing the always-on signals. 
Although the concrete solution of UL-based RRM measurement has not been reached yet, we think it’s better for RAN4 to get involved as early as possible. The fundamental idea of UL-based RRM measurement is that a UE transmits some UE dedicated sounding reference signals (i.e. SRS) and/or some UE specific tracking signal to different TRPs. After that, network can decide which TRP the UE should switch to based on the evaluation of uplink signal power level/quality sent by the UE. And then network will inform UE with some mobility command to establish the connection to the new TRP. With this procedure in mind, we take a close look at the related RRM requirement under existing LTE RRM requirement framework:
1) Measurement accuracy

Measurement accuracy requirement is so critical that it has big impact on mobility decision, which will implicitly affect the handover related KPI and the system performance. In UL-based scheme, RRM measurement is executed at TRP/network side. Thus the network side RRM measurement accuracy requirement may be needed, although in current LTE system there is no such requirement. 
2) Measurement period
Typically, requirement of measurement period is specified coupled with accuracy requirement. It’s straight forward that longer measurement period has better accuracy performance. However, longer measurement period might also increase the mobility latency. In UL-based scheme, the transmission period of measured signal (e.g. SRS and/or tracking signal, etc.) sent by UE can be configured by network. Network can dynamically update the period depending on implementation, e.g. under high speed train scenario with up to 500km/h velocity network might need to configure rather small uplink transmission period for the UE to achieve timely mobility management. Therefore, whether the legacy measurement period requirement framework could be reused for 5G needs careful consideration.
3) Measurement report delay
Measurement report delay requirement is important in LTE because we need to guarantee the UE can report the event timely for handover. But for UL-based measurement solution, measurement is executed at network side so that there is no “report delay from UE aspect” anymore. 
One more thing we would like to point out is that even in UL-based RRM measurement system, UE also needs to perform some certain downlink measurement e.g. to obtain the PCID and downlink time and frequency synchronization, which are also essential for downlink reception. Furthermore, when beamforming is used (especially at high frequency such as 70GHz), DL measurement based on beam needs to be considered for beam switch/refinement. Beam change is more frequent when UE moves within a hyper cell. Therefore, beam based RRM procedure is more frequent. In order to implement this dynamic beam switch/refinement, fast BMI (beam measurement information) report is needed, which requires high beam based measurement accuracy and short measurement period.
4. RRM testability

There are two types of testing method discussed in previous RAN4 meetings, which are conducted testing and OTA testing, respectively. During the conducted test the radio transmitters and radio receivers are directly connected using cables. Meanwhile, OTA tests are wireless tests. Note that all the RRM tests in UMTS/LTE are conducted tests. On one hand, all the corresponding RRM requirements are conducted requirements. On the other hand, most tests are functionality focused. 

As for NR, we believe that a certain part of RRM requirements are still functional requirements. It is rational to assume that legacy conducted testing method can also be reused for this type of tests in NR with certain extent. However, the premise of this thought is that conducted testing is feasible. Note that carrier frequency up to 70GHz shall be supported in NR. For the testing above 6GHz or even higher frequency band up to 70GHz the feasibility of using conducted testing may encounter two difficulties: 1) the TRX and antennas are integrated together so there may not be antenna ports available for testing 2) with the large number of TRXs, it is difficult and inconvenient for conducted testing. However, it’s rational to assume that UE work on 70GHz would have different architecture from the one that work on 700MHz. The consequence is that different type of category UE can be foreseen. Therefore the potential way is that RAN4 will develop RRM test cases, including conducted test and OTA test based on different RRM requirements, as well as some test applicability. However, it’s still too early to make any decision at current stage. 
5. Conclusions

In this contribution, we present a brief summary of the progress in other WGs. Then preliminary analysis on RRM impact of UL-based measurement solution is provided. Finally, we present some initial thought on RRM testability.
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