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[bookmark: _Ref298777854]Introduction
The main goal of mobility for active UEs is the provision of service continuity across the RAN. In LTE, active mode mobility is supported by a set of network-controlled procedures over the air interface and between source and target eNBs via X2 and/or S1 interfaces. Overall system requirements for the Next Generation (NG) architecture [1] and, more specifically the access technology [2] will impact the design of the active mode mobility solutions for the new RAT (NR) [3] compared to the current mobility solution in LTE.
Some of these requirements are related to network energy efficiency, future-proofness, the need to support a very wide range of frequencies (up to 100 GHz) and deployment flexibility (centralization, backhaul considerations, etc.). In addition to that, [3] assumes that a single technical framework should address all usage scenarios for enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra-reliable and low latency communications (uMTC). Additional challenges come from the fact that all these service categories may have different mobility requirements in terms of UE speed, reliability, terminal complexity and robustness to link failures [4].
[bookmark: _Toc447136524][bookmark: _Toc447136567][bookmark: _Toc447312230][bookmark: _Toc447318069][bookmark: _Toc447318161]NR system requirements, such as future proofness and energy efficiency, will lead to differences in the Active Mode Mobility (AMM) compared to the LTE design
This contribution discusses how future proofness and energy efficiency for AMM may lead to paradigm changes in the design of signals and mechanisms associated with neighbour link measurements.
Future proofness and Energy Efficiency for AMM
Efficient introduction of new features in NR
A single technical framework should be designed to address all usage scenarios for eMBB, mMTC and uMTC [3]. The support for all these services is not expected to be standardized in the first release(s) therefore NR is required to be future proof i.e. NR should have the property of being enhanced by the introduction of new features, the enhancement of existing features and/or the introduction of new services.
[bookmark: _Toc447136525][bookmark: _Toc447136568][bookmark: _Toc447312231][bookmark: _Toc447318070][bookmark: _Toc447318162]In order to be future proof, NR should have the property of efficiently evolve by the introduction of new features and services
LTE design can be considered future-proof, which can be acknowledged by large amount of new features that were introduced such as eICIC, CoMP, DM-RS, relaying, eMTC (incl. Cat 1/0), LAA, WiFi integration, Carrier Aggregation, Dual Connectivity while still supporting multiplexing with legacy Release 8 UEs. In addition to these features, 3GPP has managed to introduce new services to the LTE, such as NB-IoT and V2X communication. However, it has been observed that changes to frame structure or reference signal design were difficult or even impossible to do in a fully backwards compatible manner. This is in particular due to the fact that legacy UEs may expect that regarding Cell-Specific Reference Signals (CRSs):
· CRSs are constantly broadcasted in every subframe;
· CRSs are transmitted in every PRB (i.e. over the whole bandwidth for each deployed carrier).
LTE UEs use CRSs for various purposes including channel estimation (e.g. for data demodulation and PDCCH decoding) as well as for accurate CSI measurements. And while frequently transmitted reference signals across the entire carrier bandwidth are well justified for that purpose, RRM measurements (RSRP/RSRQ) could be done with less frequent signals and indeed typically UE implementations use just a limited number of CRSs in time and frequency to perform neighbour cell measurements. Considering that frequently transmitted signals cause inter-cell interference and consume energy on the network side, it appears desirable to reduce the reference signals transmitted solely for the purpose of RRM measurements, i.e., when no data or control signalling needs to be transmitted. LAA (Rel-13) and “Small Cell On/Off” (Rel-12) rely on so-called Discovery Reference Signals (DRS) which only appears once every 40, 80 or 160 ms and comprise of PSS, SSS and CRS. UEs supporting these features can be configured to perform their RRM measurements only based on DRS rather than on continuous CRSs. If only such UEs operate on a carrier, the eNB may choose to omit the frequently transmitted CRSs. Similar optimizations should be explored for the design of reference signals used for active mode mobility measurements in NR.
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Figure 1: CRSs in all subframes and PRBs although not all are used for RRM measurements
[bookmark: _Toc447136520][bookmark: _Toc447136570][bookmark: _Toc447312255][bookmark: _Toc447318072][bookmark: _Toc447318165]RRM Measurements for Active Mode Mobility should allow sparsely transmitted reference signals
It should also be noted that 3GPP has later introduced (for LTE) UE-specific demodulation reference signals (DMRS) as well as specific signals for CSI measurements (CSI-RS). Such a trend of UE-specific and purpose-specific signals has increased since LTE Release 8 and should be further exploited in the NR design. The mechanisms associated with signal(s) for neighbour link measurements are procedures such as measurement configuration and possibly inter-node procedures.

Reuse of signals and mechanisms for AMM, DC and CA
Another aspect related to future proofness is the capability the system has to reuse components for multiple features. In LTE one can say CRSs fulfils the property of being possibly used for RRM measurements not only for mobility but also for features such as Carrier Aggregation and Dual Connectivity. This property should also be considered in the design of reference signals for RRM in NR.
[bookmark: _Toc447136521][bookmark: _Toc447136571][bookmark: _Toc447312256][bookmark: _Toc447318073][bookmark: _Toc447318166]Signals and mechanisms associated with RRM measurements should be designed from the beginning to support both AMM and other features such as multi-connectivity
Reuse of signals and mechanisms for eMBB, mMTC and uMTC
Another future proofness property is the capability the system has to introduce new services in an efficient manner. A single technical framework should address all usage scenarios for eMBB, mMTC and uMTC where an additional challenge is the fact that all these service categories may have different mobility requirements in terms of UE speed, reliability, terminal complexity and robustness to link failures [3] [4]. It is also required that the design shall allow the deployment of new services rapidly and efficiently , therefore reusing components in future releases for these services will be important.
Lessons learnt from LTE have shown that some of these services may require signals with different properties such as bandwidth, amount of samples for measurements, supported UE speeds, reliability, terminal complexity, robustness to link failures, etc. Some of these different properties already analysed in LTE (e.g. for NB-IoT and eMTC) should be revisited when designing the signals and mechanisms associated with neighbour link measurements. To give an example, some features in LTE were designed with a minimum bandwidth that needed to be redesigned for NB-IoT.
[bookmark: _Toc447136522][bookmark: _Toc447136572][bookmark: _Toc447312257][bookmark: _Toc447318074][bookmark: _Toc447318167]Identify the main properties of signals and mechanisms associated with RRM measurements for eMBB, mMTC and uMTC services

Support for UE and network Energy Efficient mechanisms
Network energy efficiency is one key performance indicator listed in [2] . The importance of network energy efficiency is further discussed in [5], where lessons learned from network energy consumption in 2G/3G/4G networks is discussed and some key observations relevant when designing a new radio access technology are listed. One of the LTE design choices that hinders the access nodes from applying efficient sleeping / DTX mechanisms is the CRS property of being transmitted in all subframes independently of the traffic demands and/or the existence of UEs or some existing mobility pattern in a given group of cells e.g. cells deployed in a highway roads are more prone to mobility events than macro cells in a large pedestrian urban area. Currently the network is not able to apply energy efficiency / DTX mechanisms taking these aspects into account.
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Figure 2: LTE cannot apply DTX mechanisms in low traffic and/or static or semi-static environments
Concerning the usage of CRSs for RRM measurements that property has been over dimensioned to address all traffic and mobility scenarios. However, lessons learnt from LTE have shown that a large percentage of users are static or semi-static (which does not necessarily mean they do not perform RRM measurements for handovers).
[bookmark: _Toc447136523][bookmark: _Toc447136573][bookmark: _Toc447312258][bookmark: _Toc447318075][bookmark: _Toc447318168]Signals for RRM measurements should enable efficient DTX mechanisms adapting the transmission properties (frequency, bandwidth) to different network scenarios
Network energy efficiency is an even more important property in NR than in LTE considering that higher frequency bands will be allocated which would lead to smaller coverage areas and consequently higher densification. In these dense scenarios, it is essential that the energy scales with traffic so that the amount of control signals, including signals for link neighbour measurements, are minimized and used only when and mobility is required. 
[bookmark: _Toc447136526][bookmark: _Toc447136569][bookmark: _Toc447312232][bookmark: _Toc447318071][bookmark: _Toc447318163]Similar properties should be considered for the UL signals to support future proofness and UE energy efficient mechanisms.
Conclusions
This contribution provides further details on future proofness and energy efficiency requirements for NR with special focus on the impact to AMM design. The following has been observed:
Observation 1	NR system requirements, such as future proofness and energy efficiency, will lead to differences in the Active Mode Mobility (AMM) compared to the LTE design
Observation 2	In order to be future proof, NR should have the property of efficiently evolve by the introduction of new features and services
Observation 3	Similar properties should be considered for the UL signals to support future proofness and UE energy efficient mechanisms.

The following has been proposed: 
Proposal 1	RRM Measurements for Active Mode Mobility should allow sparsely transmitted reference signals
Proposal 2	Signals and mechanisms associated with RRM measurements should be designed from the beginning to support both AMM and other features such as multi-connectivity
Proposal 3	Identify the main properties of signals and mechanisms associated with RRM measurements for eMBB, mMTC and uMTC services
Proposal 4	Signals for RRM measurements should enable efficient DTX mechanisms adapting the transmission properties (frequency, bandwidth) to different network scenarios
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