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[bookmark: _Ref298777854]Introduction
Overall requirements for the Next Generation (NG) architecture [1] and, more specifically the NG 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 the need to support network energy efficiency mechanisms, future-proofness and the need to support a very wide range of frequencies (up to 100 GHz [3] [4]).
Energy efficiency and future proofness have been addressed in [5] where an initial analysis is provided focusing on the design of reference signal(s) and mechanisms associated with RRM measurements.
This contribution provides an initial analysis of the requirement that NR needs to support a wide range of frequencies, including very high frequencies (up to 100 GHz) and its impact to the design of active mode mobility. One of the main differences comes from the fact that propagation in frequencies above the ones allocated to LTE is more challenging so that the massive usage of beamforming becomes an essential component of NR.
Discussion
Introduction
To support long-term traffic demands and to enable the very wide transmission bandwidths needed for multi-Gb/s data rates (20 Gbps for downlink and 10 Gbps for uplink [2]), NR should be able to use any spectrum band up to 100 GHz that may be made available for wireless communications even in a more distant future [3]. In comparison to the current frequency bands allocated to LTE, some of the new bands will have much more challenging propagation properties such as lower diffraction and higher outdoor/indoor penetration losses. As a consequence signals will have less ability to propagate around corners and penetrate walls. In addition, in high frequency bands atmospheric/rain attenuation and higher body losses render the coverage of NR signals even more spotty [5].
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Figure 1 Impairments associated to propagation in higher frequencies
Fortunately, the operation in higher frequencies makes it possible to use smaller antenna elements, which enables antenna arrays with many antenna elements. Such antenna arrays facilitate beamforming, where multiple antenna elements are used to form narrow beams and thereby compensate for the challenging propagation properties. 
Observation 1	The extensive use of beamforming, in particular at the network side, will be an essential part of the NR design for high frequency carriers
Beamforming in higher frequencies will lead to some challenges to the design of active mode mobility in NR. Some of these challenges are discussed in the following. 

Sudden SINR drops in higher frequencies
Despite the link budget gains provided by beamforming solutions, reliability of a system purely relying on beamforming and operating in higher frequencies might be challenging, since the coverage might be more sensitive to both time and space variations. As a consequence of that the SINR of that narrow link can drop much quicker than in the case of LTE.
Using antenna arrays at access nodes with the number of elements in the hundreds, fairly regular grid-of-beams coverage patterns with tens or hundreds of candidate beams per node may be created. The coverage area of an individual beam from such array may be small, down to the order of some tens of meters in width. As a consequence, channel quality degradation outside the current serving beam area is quicker than in the case of wide area coverage, as provided by LTE. 
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[bookmark: _Ref446953385]Figure 2 Quick SINR drops due to high frequency propagation phenomena
Figure 2 shows an example of average SINR variations along a UE route in a deployment employing a large-array grid of beams in a 15 GHz carrier frequency. An optimal beam selection scheme is compared with a simplified measurement-based scheme based on an estimated SINR and reference signals transmitted over 6 PRBs and 1 subframe (equivalent to 144 samples). The comparison of the simplified measurement-based scheme to the optimal serving beam choice shows some momentary dips below the optimal performance (It has also been observed that the SINR distributions are hardly affected by these dips at most vehicular speeds). On the other hand, we see also some deeper dips that indicate a sudden deterioration of the serving beam SINR due to shadowing, e.g. in “around the corner” situations. The serving beam SIR may drop by over 20 dB within 5-10ms. Further results have also shown that these occasional drops will be unavoidable at 10-30 GHz.
Infrequent interruptions due to low SINR occurrences may not be critical for the User Plane (UP) flows. However, Control Plane (CP) flows transmitted over these beams might be carrying mobility related signalling such as transmission of measurement reports and reception of handover commands which might lead to many error cases, leading to high handover failures and radio link problems. 
[bookmark: _Toc447317325][bookmark: _Toc447328274]Active mode mobility in NR should be designed to avoid and/or quickly react to sudden SINR drops due to beamforming in higher frequencies
In order to handle this issue, different aspects should be considered. A first aspect that needs to be studied is the design of mobility reference signals (MRSs) and its configurations used for link quality monitoring (for the serving beam) and neighbour link measurements and UE reporting mechanisms. Differently from LTE, these reference signals need to be designed to possibly be beamformed in wide and/or narrow beams. Assuming a network based approach as a baseline (as in LTE) the UE should be capable of synchronize and detect this signal(s) from neighbour beams(s), report some indication to the network (e.g. absolute or relative neighbour beam quality/measurements) in order to get some sort of mobility command from the serving beam to the UE so the UE can synchronize and access the target selected beam before the sudden SINR drop occurs. The delay of this kind of procedure should be studied and alternatives should be considered (e.g. UL-based measurement procedures relying on UL sounding signals) for both intra-node beam mobility and inter-node beam mobility should be studied.
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Figure 4 Beam-centric mobility and multi-connectivity	
Multi-connectivity in NR for mobility robustness
According to [2] the NR architecture shall support connectivity through multiple transmission points, either collocated or non-collocated. In a beam-centric design, relying on multiple NR beams, possibly from multiple nodes (with the qualities of beams uncorrelated) could be a way to improve robustness and avoid the react on sudden SINR degradation in many different ways such as
· Control Plane (CP) diversity to improve mobility robustness;
· UP/CP split where the beam where CP measures are carried is anchored in wide beams, possibly in low frequency carriers.
The way these solutions could be realized, e.g. on which protocol layers is FFSs.
[bookmark: _Toc447317326][bookmark: _Toc447328275]Multi-connectivity mechanisms such as CP diversity and UP/CP split should be considered to address sudden SINR drops
It is also stated in [2] that the RAN architecture shall support tight interworking between the NR and LTE including high performing inter-RAT mobility and multi-RAT aggregation / connectivity aggregation in both collocated and non-collocated site deployments. The fact that frequencies where LTE is currently deployed have better propagation conditions than the frequencies where NR would be initially deployed, multi-connectivity features exploiting the tight integration of LTE and NR (such as control plane diversity and UP/CP split) should be studied. 
[bookmark: _Toc447317327][bookmark: _Toc447328276]CP diversity and UP/CP split should possibly be enabled by the tight integration of LTE and NR in order to improve mobility robustness
These should be considered with both ideal and non-ideal backhaul conditions, preferably having some gradual performance degradation versus the backhaul quality.
Harmonization of lower and higher frequency solutions
Sudden drops of SINR due to shadowing might occur mainly when narrow beamforming is used in higher frequencies. Despite the fact that the same phenomena are not expected as often in other frequency bands (e.g. in lower frequencies bands) a harmonized solution for a wide range of frequencies should be targeted.  
Aspects related to that harmonization should be studied. One example is the use of beam identities. In lower frequency scenarios a neighbour beam to be measured to either establish a secondary link or to perform mobility could look like an LTE cell, from a propagation and coverage detection perspective. However, the usage of a wide beam identity would lead to a harmonized solution where the higher layers could rely on similar procedures. That would efficiently support inter-frequency mobility between low frequency and high frequency carriers or the addition of a secondary carrier in higher frequency, which might occur often in order to boost the UP capacity.
Another aspect to be potentially harmonized relates to the usage of similar procedures for the different beamforming architectures that would likely need to be supported i.e. analog, hybrid and digital. Especially in the case of hybrid and digital beamforming, similar challenges may lead to the need of beam finding /sweeping procedures [4].
[bookmark: _Toc447317328][bookmark: _Toc447328277]Study the aspects that should be harmonized in beam-based mobility for lower and higher frequencies

Conclusions
This contribution discussed in more details the requirement that NR will need to support a wide range of frequencies (up to 100 GHz) and beamforming is standing out as an optimal way to operate the carriers with various frequency bands. Henceforth, NR also needs to support massive beamforming as an essential feature to overcome the propagation challenges in higher frequencies. The following has been observed:
Observation 1	The extensive use of beamforming, in particular at the network side, will be an essential part of the NR design for high frequency carriers
The following has been proposed:
[bookmark: _GoBack]Proposal 1	Active mode mobility in NR should be designed to avoid and/or quickly react to sudden SINR drops due to beamforming in higher frequencies
Proposal 2	Multi-connectivity mechanisms such as CP diversity and UP/CP split should be considered to address sudden SINR drops
Proposal 3	CP diversity and UP/CP split should possibly be enabled by the tight integration of LTE and NR in order to improve mobility robustness
Proposal 4	Study the aspects that should be harmonized in beam-based mobility for lower and higher frequencies
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