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1 Introduction
In this contribution, we address the discussion points agreed in a RAN4#80 WF [1].
2 Discussion
2.1.1 Multiple numerologies

In [1], RAN4 has been agreed:

· Evaluate decisions made in RAN1/2/3 August meeting round and investigate likely impacts to future RAN4 RRM requirements and testing. Topics may include:

· …

· Measurement gaps for NR

· Impact on RRM requirements from:

· …

· Flexibility of subcarrier spacing and multiple numerologies

· …

In this section we further discuss the highlighted topics from the WF in [1].
In RAN1#86, the following new agreements in relation to numerology were achieved:

· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
From the above, it is evident that the number of numerologies in NR is not limited to a just few options. This, in combination with other factors, e.g., bandwidths, may make it impossible to explicitly specify RRM requirements for each numerology or each combination involving a numerology. An alternative could be to specify RRM requirements for groups of similar numerologies. For time-related RRM requirements, e.g., handover delays, measurement periods, etc., the requirements could also be specified in a generic way, if the requirement or its part scales with the numerology (which may not be necessarily always possible, e.g., when the RS density does not scale or the UE/gNB processing time do not scale). 
· Proposal 1: Consider grouping of numerologies in RRM requirements or specifying requirements in a generic way with respect to numerology, e.g., when the requirements or its parts scale with numerology.

Numerology may change in frequency or time in NR on one hand, but one the other hand not all the UEs will be supporting all numerologies and perhaps the numerology at least in some time-frequency resources or at least for the basic signals will be more static.
· Proposal 2: The minimum set of RRM requirements need to be defined for scenarios with statically defined numerology being the same in all or at least some time resources, which should be at least the starting point. Next, requirements for scenarios with dynamic or mixed numerologies should be specified in a complementary way.
2.1.1.1 Numerology impact on timing-related requirements

The support of multiple numerologies and multiplexing different numerologies in time and/or frequency domain may also have impact on timing related aspects, e.g., the amount of timing adjustment at a time, accuracy, timing adjustment delay. Also, in addition to the dependency of subframe length even the time unit (in LTE, corresponding to Ts specified in 36.211) may not be a single value any more in NR.
· Observation 1: Timing related requirements will depend on numerology
Another timing-related aspect which may need to also account for the support of multiple numerologies is the differentiation between synchronous and asynchronous scenarios which in turn determines which requirements apply, e.g., whether the UE is performing measurements on synchronous or asynchronous cells which are using different numerologies and corresponding time scales.

· Observation 2: RAN4 needs to define how to differentiate synchronous and asynchronous operation when multiple numerologies are used.
2.1.1.2 CA scenarios with different numerologies

CA of carriers with different numerologies was discussed in other groups, e.g. in RAN2#95, where the following was concluded:
· From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR. (Modelling aspects such as whether it is a single or multiple MAC entity is FFS)

The above scenario may further impact how the timing is adjusted in such carrier combinations and how to create TAGs. Another issue that may arise is that with cross-carrier scheduling with the carriers using different time scales due to different numerologies. Yet another point of discussion is how to measure the interruption impact on a serving cell using one numerology, e.g., due to (de)activation/(de)configuration/measurements on another cell using another numerology, etc.
· Proposal 3: RAN4 to discuss the RRM impact of CA scenarios with carriers having different numerologies.
2.1.1.3 Feedback mechanisms and cross-numerology scheduling

In LTE, there is a strict pre-defined time relation between some DL and UL transmissions. For example, for the HARQ feedback transmitted by the UE in UL, in general, it is expected that in FDD the UE transmits the feedback in subframe (n+4) for the DL reception in subframe n. For TDD, the relation is also pre-defined but depends on the TDD configuration. In HD-FDD, the timing relation between reception of data at the UE and transmission of HARQ A/N in the uplink is also pre-defined e.g. in NB-IoT the ACK/NACK is sent in subframe n+12. For NR, faster feedback mechanisms are being discussed, which has advantages in certain scenarios, but these mechanisms may further depend on numerology of the UL and possibly DL, coverage level, etc. Ultimately, both LTE-like mechanism and fast feedback mechanisms may be supported in NR, depending on the scenarios. Therefore, there may be a need in requirements for the NR feedback mechanisms.  Furthermore, some current LTE requirements are measured in terms of ACK/NACK, but if multiple feedback mechanisms are supported in NR, just reusing this metric in NR as it is used in LTE may introduce ambiguity in the requirements.
· Proposal 4: Support of multiple feedback mechanisms needs to be considered in NR requirements.
2.1.1.4 Measurement gaps

Many LTE requirements account for measurement gaps, which is likely to happen also in NR. In LTE, a single duration of 6 ms for UE measurement gaps has been so far standardized. Furthermore, the measurement gaps are common for all carrier frequencies. In NR, where different numerologies are supported, using common gaps of a single pre-defined length independent of numerology may be not efficient from resource utilization point of view. Furthermore, even intra-frequency measurement gaps may be needed, e.g., due to transmissions misaligned with respect to the center of the bandwidth.
There is also an on-going measurement gap enhancement LTE WI which will introduce, e.g., shorter than 6ms gaps for sync cases and per CC gaps, though not related to numerologies; so some of the work being done for LTE may also be further discussed for NR.
· Proposal 5: In NR, more flexible measurements gap configurations are needed.
2.1.2 Beamforming
In [1], RAN4 agreed:

· Evaluate decisions made in RAN1/2/3 August meeting round and investigate likely impacts to future RAN4 RRM requirements and testing. Topics may include:

· Necessary metric and requirements for beam management measurements

· …
· Impact on RRM requirements from:

· …
· Antenna configuration, e.g., whether the requirements are the same or different for measurements based on beamforming and omni-directional antennas, and applicability of beamforming related requirements for different frequency ranges.

· …
· Impact of NR beamforming techniques, and how to specify generic requirements covering eg analog, digital, or hybrid beamforming

· …
The topics highlighted above are further discussed in this section.
Some related RAN1 agreements:

Agreements: Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:

Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 

Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals

Beam reporting = for UE to report information a property/quality of of beamformed signal(s) based on beam measurement

Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.

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

Beam sweeping is one of the antenna configurations to be used in NR, which make the availability of transmission and/or reception occasions time-dependent, e.g., in a pre-defined way. The frequency or periodicity of the availability is unlikely to be a single fixed number since this would greatly limit network and UE implementations, but likely to make dependent on these parameters the time periods for procedures based on beamformed measurements, e.g., measurement time period, measurement reporting delay, etc. The case of beamforming without beam sweeping in time domain or the omni-directional case can then be viewed as a special case resulting in more frequent or even continuous (e.g., every subframe) availability, provided all other factors are the same, e.g., same signal configuration, etc. The time-based requirements may, however, like in LTE, depend on additional conditions, e.g., bandwidth, channel condition, interference, etc., and some of these conditions may possibly be more typical for some antenna configurations and less typical for the others, but it is still believed that there is no need in explicit relation of the requirements to antenna/beam configurations.
When it comes to the accuracy, the requirements should be transparent to the beam configurations rather than should be determined by traditional factors, e.g., measurement purpose, type of measured signals, signal design and density, bandwidth, etc.
· Proposal 6: In NR, time-based requirements are specified in a generic way for different antenna configurations, allowing also for scaling depending on the availability in time of  the relevant tx and/or rx beams, e.g., due to beam sweeping. Accuracy requirements should be transparent to beam configurations.
3 Summary

The following have been observed and proposed in this contribution:
· Observation 1: Timing related requirements will depend on numerology
· Observation 2: RAN4 needs to define how to differentiate synchronous and asynchronous operation when multiple numerologies are used.
· Proposal 1: Consider grouping of numerologies in RRM requirements or specifying requirements in a generic way with respect to numerology, e.g., when the requirements or its parts scale with numerology.

· Proposal 2: The minimum set of RRM requirements need to be defined for scenarios with statically defined numerology being the same in all or at least some time resources, which should be at least the starting point. Next, requirements for scenarios with dynamic or mixed numerologies should be specified in a complementary way.
· Proposal 3: RAN4 to discuss the RRM impact of CA scenarios with carriers having different numerologies.
· Proposal 4: Support of multiple feedback mechanisms needs to be considered in NR requirements.
· Proposal 5: In NR, more flexible measurements gap configurations are needed.
· Proposal 6: In NR, time-based requirements are specified in a generic way for different antenna configurations, allowing also for scaling depending on the availability in time of  the relevant tx and/or rx beams, e.g., due to beam sweeping. Accuracy requirements should be transparent to beam configurations.
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