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Discussion
1
Introduction
In the RAN4#80 meeting Göteborg RAN4 agreed a WF for NR RRM in [4]. Radio Resource Management is a key design point for any radio system. As recognized RRM covers a large amount of aspects and a large work load is expected in order to finalize UE requirements in time. In this paper we will focus our attention on some of the basic issues in the WF covering among others: 

· UE measurements: what to measure, when to measure
· Base stations and UE power saving principles

· Unified mobility design across NR carriers

2
NR functionalities and possible RRM impacts 
The main principle in legacy RRM measurements is that the base station is continuously transmiting synchronization and common reference signals. Once the UE has detected the cell the CRS is used by the UE to perform measurements. In Connected mode the UEs they report their findings to the network either in a predetermied (periodically) or in triggered manner. The UE reports pre-defined metrics according to configured rules e.g. measurement reporting configuration and CQI reporting to mention some examples. 
Such an approach has been used not only in E-UTRAN but also in earlier generations – like UTRAN. E-UTRAN Rel-12 introduced small cell on/off feature which allows deviations to rule that the eNB is continuously transmitting sycnhronization and reference symbols – and the DRS was introduced. Additionally, discussions are ongoing in LTE if the current procedures are suitable on the long run or not considering the need for enabling eNB/network power saving opportunities. 
For NR, these basic principles are facing new challenges: 
1) NR is visioned as a system which needs to scale across a wide range of carrier frequencies: from 700 MHz to potentially above 70 GHz and operate on wide bandwidths such as 1 GHz;

2) NR need to be designed such that it is a system which may operate in stand alone or in non stand alone mode; 
3) NR needs to be designed as a system which would reach new levels of densification for both network nodes as well as devices which communicate with the network; 
4) Enable scalability across vertical applications as well as increased reliability for both UE and network.
Above points are just to name a few new system requirements which differ somehow from E-UTRAN. 
Additionally the TR [5] includes a number of different mobility scenarios to be supported ranging from low mobility to very high mobility (e.g. high speed train). With such wide range of requirement, it is clear that careful design of RRM measurements is needed in order to enable these new requirements. 
When developing the requirements for NR one should take a starting point in E-UTRAN by re-using some basic principles from E-UTRAN when possible. Additionally, introducing new principles, potentially departing from the legacy way of performing such operations, should be carefully investigated and evaluated.
Observation 1: the NR is bringing new system challenges which require a careful design of RRM measurements.
One of the main goals of RRM measurements is to provide the UE with the capability of timely detection and identification of the best suitable network nodes available for potential access. Additionally it allows providing the network with the information regarding the current radio conditions the UEs are experiencing such that the network can assign the optimal scheduling resources etc. 
Legacy LTE system is utilizing cell synchronization signal which consists of PSS/SSS signals which are used in conjunction with common reference signals (CRS, CSI-RS). In principle such cell discovery signals are transmitted with pre-determined periodicity and also support the small cells ON/OFF operation. 
Detection and identification of best network node is typically done continuously on UE side once the UE has obtained service. UE detecting of a new network node usually includes synchronizing to it. This typically includes also some level of node measurements done by the UE. Based on this the UE and network (following UL feedback) have a very good knowledge of the link quality in both signal strengh (e.g. RSRP) and rough interference conditions (e.g. RSSI, RSRQ).
Observation 2: Existing mechanisms of cell detection are a starting point for RRM measurements in NR.

To improve network energy efficiency of NR compared to previous generation, frequent and almost constant transmission of few reference symbols for RRM purposes should be avoided as being mandated. Rather, discontinuous transmission of signals used for RRM purposes should be the target design not only for cell being OFF but possibly also for cells serving connected mode UEs. Licensed assisted access (LAA) has its own particularities as a node attempting to transmit on a carrier in unlicensed spectrum performs a Clear Channel Assessment (CCA) or Listen Before Talk (LBT) to sense if the carrier is free for use. Thus, if the channel is occupied, transmission – including DRS - will be postponed, which means that signals used for RRM measurements cannot be guaranteed to be available at regular time instants.
It is clear that some of these principles can be utilized in NR while further exploration of RRM measurement should be considered. On the other hand the licensed assisted access measures might contain their own components such as LBT  which would be used only in this particular case.
Observation 3: To enable discontinuous cell transmission, for example due to possible operation at frequency bands requiring channel assessment, UE should not expect regular control or reference signalling being available. 
Proposal 1: When developing the baseline for UE requirements, RAN4 should consider that NR will not support regular availability of synchronisation or reference signals.

In a system in which the synchronization signals and possible reference signals for measurement are not available in a continuous manner it is important to design these signals accordingly. I.e. the signals should be designed in a way that enables fast cell detection on UE side. 

Observation 4: Non-continuous transmission of synchronization signals requires special attention in order enable fast cell detection.

Additionally, as it is expected that possible measurement signals are also not transmitted in a continuous manner, it would be beneficial if the measurements of the detected cell will not add too much additional latency. I.e. it would be beneficial if cell detection and measurements could be done using same signal(s).

Observation 5: NR should support cell measurements which can be performed without long measurement delay.

Proposal 2: UE synhronization and measurement requirements should target short detection and measurement latencies.

In LTE a number of basic measurement metrics have been defined e.g. RSRP, RSRQ and RS-SNIR. These metrics are used to enable comparing which node is best and decide if mobility is needed. At least for intra-frequency and inter-frequency we expect similar metric could be useful. 
Proposal 3: Discuss if existing UE RSRP, RSRQ and RSSI measuments are the starting point for RRM measurements metrics in NR.

2.1 Network and device densification

The network and device densification have some straight forward impacts: if assuming similar approach as in E-UTRAN, the UE would need to perform a large amount of measurements and measurement reporting to the network. Especially when discussing higher frequencies and the need for beam forming the impact on UE measurement burden could increase significantly. Especially when considering cell densification and multiple carriers, RAN4 would need to carefully consider cell detection and measurement requirements from the beginning. This, in addition to cell detection and measurement efficiency has to be accounted in the design phase, as this will have direct impact on the UE power consumption. 
On the other hand, the always-on type of signals (continuously transmitted from BSs) are power consuming for the network and unlikely to exist in NR. Even continuous periodic transmission of synchronization and reference signals are problematic as we previously discussed. Hence measurements requirements in NR would need to be based on the default assumption of (a)periodic presence of synchronization and/or measurements signals and ON/OFF reference signals. 
The amount of neighbor cell measurements needs to be factored in this discussion, especially from a densification perspective and smooth mobility of the UEs in such dense network. The concept of clustered nodes as (a part of) “cell” and its boundaries would be a main point in setting the measurements requirements. While TDD deployments are typically synchronized, the system design needs to account for asynchronous operation as well. 
A dense deployment may have the following characteristics: the UE aquires synchronization to a node or a clusters of synchronized small dense nodes. After acquiring synchronization, the measures the nodes and the UE mobility could be based on seamless monitoring of dedicated reference signals.
Observation 6: Measurements and related reporting procedures need to consider the expected network densification to limit the power consumption and signaling overhead.
2.2 Scalability of RRM measurements in space and frequency
The 5G new radio is expected to operate in various carrier frequencies, ranging from 700 MHz to above 70 GHz. Large bandwidths are also targeted, for example up 1 GHz which can be accessed by the UEs through aggregation of multiple carriers. 
Operating on multiple carrier components and potentially with large bandwidth would require a well localized discovery signal placement in frequency and time, accounting for UE complexity aspects and effort in terms of power consumption, etc. More continuous alike inter-frequency measurement procedures need to be part of this discussion as well. Additionally, it would need to be considered how to lower the thresholds between Idle and Connected mode and Idle mode needs to be considered as integrated part of the discussion. 

In high carrier frequencies, the beamforming/MIMO techniques do not provide only means for system capacity but also means for compensating for the larger pathloss properties of the channel. In other words, in higher frequencies the data and control plane would operate in beamformed mode [2]. Most of this operation, if not all, would need some support in form of measurements in order to ensure correct beam operation. Measurements and metrics needed for beam stearing should be designed such that they can provide necessary metrics with very low latency. Concerning the measurement RAN4 would need to discuss whether the measurements performed by the UE should be agnostic to the basestation array architecture. 
Putting all these building blocks together, the amount of carriers, large BW, beamforming and beam sweeping subframes leads to the following observations and proposals:

Observation 7: Fast detection of a large amount of nodes is desirable.

Observation 8: Slow detection of nodes will reduce the NR system efficiency.
Observation 9: In beam forming deployments fast detection and short measurement delays is essential.

Proposal 4: Low latency for enabling operation on a beam should be targeted.

Proposal 5: IDLE mode RRM behavior and related measurements needs to be considered as an integrated part of the discussion.

Proposal 6: RAN4 to discuss UE measurements agnostic to the base station array architecture.

2.3 Utilization of beamforming and TDD in higher NR carriers

As mentioned in the previous section, beamforming will be an active component of NR especially in high carriers. This means that both the UE and BS are expected to apply beamforming in order to compensate for the difficult propagation environment. 
UEs accessing the high carriers could have the native capability for UE beamforming [3], which translates into a factor of antenna gain. However, the question is how to incorporate such UE operation in the system design. There are few design options for measurements performed by such UEs: 
1. only with omni antenna assumption at the UE, 
2. with both omni and UE beamformed antenna assumptions, 
3. only with UE beamformed assumption. 
The first choice is a conservative approach which would be trouble free in the sense that UEs beamforming gains are not impacting the system design as such, while on the other hand the network has no information on the true capability of the UE nor could benefit from it. Having only UE beamforming based measurements exposes the system design to the sensitivities and other potential issues of UE beamforming [3]. 
While these options are certainly deserving further attention, we note that the final outcome might need a mix of both w/wo UE beamforming measurement. Initially measurements and system design should likely take both omni and beamforming assumptions into account. Starting point could be omni antenna UE assumption while further RRM fine-tuning could be based on UE beamforming assumptions, provided we find a common denominator for such UE operation.
Observation 10: system scalability might be better based on omni antenna assumption at the UE.

The beamforming technique is likely going to affect the way the UE can expect the network to transmit the RRM signals. In hybrid beamforming the node will need to sweep the signals in a TDD manner while in digital beamforming this would not be needed. How to incorporate the hybrid beamforming with UE requirements and additionally accommodate UE beamforming needs discussion.
From UE implementation and requirements point of view it would be beneficial if the UE operation is agnostic to the beamforming mode of the node. Whether this will be possible depends on the final design. 
Proposal 7: RRM measurement w/wo BS and UE beamforming should be investigated.

3
Conclusion
In this contribution we have presented further views with respect to the RRM measurements in NR. The following proposals can be summarized: 

Observation 1: the NR is bringing new system challenges which require a careful design of RRM measurements.
Observation 2: Existing mechanisms of cell detection are a starting point for RRM measurements in NR.

Observation 3: To enable discontinuous cell transmission, for example due to possible operation at frequency bands requiring channel assessment, UE should not expect regular control or reference signalling being available. 

Proposal 1: When developing the baseline for UE requirements, RAN4 should consider that NR will not support regular availability of synchronisation or reference signals.

Observation 4: Non-continuous transmission of synchronization signals requires special attention in order enable fast cell detection.

Observation 5: NR should support cell measurements which can be performed without long measurement delay.

Proposal 2: UE synhronization and measurement requirements should target short detection and measurement latencies.

Proposal 3: Discuss if existing UE RSRP, RSRQ and RSSI measuments are the starting point for RRM measurements metrics in NR.

Observation 6: Measurements and related reporting procedures need to consider the expected network densification to limit the power consumption and signaling overhead.

Observation 7: Fast detection of a large amount of nodes is desirable.

Observation 8: Slow detection of nodes will reduce the NR system efficiency.

Observation 9: In beam forming deployments fast detection and short measurement delays is essential.

Proposal 4: Low latency for enabling operation on a beam should be targeted.

Proposal 5: IDLE mode RRM behavior and related measurements needs to be considered as an integrated part of the discussion.

Proposal 6: RAN4 to discuss UE measurements agnostic to the base station array architecture.

Observation 10: system scalability might be better based on omni antenna assumption at the UE.

Proposal 7: RRM measurement w/wo BS and UE beamforming should be investigated.
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