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Introduction
In RAN2#93bis it was discussed whether one should distinguish physical layer mobility and RRC/RRM mobility. Before we can conclude on that, RAN2 should first establish a common understanding on the problems that should be addressed by the mobility solutions in NR, such as the ones associated to the operation in higher frequencies [1] and the ones associated to energy efficiency and future-proofness [2]. In parallel, RAN2 should also have a common understanding on the overall mobility scenarios, procedures and, especially concerning the question posed in RAN2#93bis the type of measurements that should be available to support DL based mobility.
Before distinguishing physical layer mobility and RRC/RRM mobility, RAN2 should establish a common understanding on the new challenges for mobility solutions in NR, such as the operation in higher frequencies and energy efficiency.
Concerning the question about L1 vs. RRC/RRM mobility, RAN2 should first agree on assumptions concerning the type of measurements that should be available.
This common understanding seems essential since different types of measurements may require different kinds of (re-)configurations and trigger different sorts of “mobility”. 
[bookmark: _Ref178064866]Discussion
Background
In LTE, cell specific reference signal (CRS) is a general purpose reference signal i.e. not exclusively used for mobility measurements in RRC CONNECTED. In addition to that, for example, CRS is also used in the PDSCH transmission in transmission mode 1-5, both for channel state measurements (CQI / PMI /RI) and for data demodulation. In particular, for supporting the latter two purposes, the CRS was designed to be transmitted densely in time and frequency. 
However, lessons learnt from LTE have shown that the CRS-centric framework was not friendly to introduce new features and/or enhance existing ones and/or introduce new services, such as enhanced MIMO with more layers, enhanced control channels and data channels utilizing beamforming and CoMP solutions. Therefore, dedicated (i.e. UE-specific) measurement signals and demodulation signals in form of CSI-RS and DMRS, respectively, were introduced in the later LTE releases. Due to their multi-purpose nature the legacy CRSs were still required for supporting legacy terminals and since they were used for the above-mentioned other functions. 
Lessons learnt from LTE have also shown that even for RRM measurements the original CRS design was sub-optimal. Less frequently transmitted mobility reference signals would have been sufficient for such measurements, would create less inter-cell interference and lower network energy consumption. Discovery Reference Signal (DRS) was introduced in Rel-12 and re-used in Rel-13 for LAA. In the solutions, DRSs do not have to be transmitted in all subframes i.e. they can be sparse in time and still support RRM measurements.
Furthermore, it has been shown that the RRM performance benefits from full-bandwidth CRS measurements are limited in most scenarios and hence most UEs perform neighbour cell measurements only on the centre 6 resource blocks in the frequency domain. Since legacy terminals exist also in modern LTE networks of later releases, they require that the CRS is transmitted and that makes it difficult or even impossible to avoid transmitting them in established carriers and systems. 
[bookmark: _Toc450667342][bookmark: _Toc450668325][bookmark: _Toc450743841]A general-purpose reference signal such as CRS in LTE needs to be dense in time and frequency. The use of such signals was abandoned in features introduced in later LTE releases. It prohibits future compatibility and is undesirable in terms energy efficiency and inter-cell interference.

In RAN1#84bis, RAN1 made the following agreements related to a “forward-compatible” radio-access design:
Strive for
Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
Blank resources can be used for future use
Minimizing transmission of always-on signals
Confining signals and channels for physical layer functionalities (signals, channels, signalling) within a configurable/allocable time/freq. resource
While the design of mobility and demodulation reference signals is clearly a task for RAN1, we believe that RAN2 should attempt as early as possible to understand the impact on functionality under control of RAN2. This will ensure good alignment between the protocol layers and accelerate the progress in both groups. 
In order to achieve these goals stated in RAN1, lessons learnt from LTE e.g. regarding the CRS, have shown that in order to avoid backwards compatibility issues, a good design practice to be adopted in RAN2 is to analyse specific functionalities in a decoupled manner.  
A general-purpose reference signal such as CRS in LTE needs to be dense in time and frequency. The use of such signals was abandoned in features introduced in later LTE releases. It prohibits future compatibility and is undesirable in terms energy efficiency and inter-cell interference.
This contribution focus on considerations regarding the usage of reference signals for RRM measurements for DL-based Mobility of UEs in RRC CONNECTED state. 

Measurements in RRC CONNECTED
In RRC CONNECTED, an LTE UE is configured to detect and measure neighbour cells based on their PSS/SSS and CRS. The UE uses the PSS/SSS to obtain synchronization with the neighbour cell and derives the PCI, from which it determines the CRS constellation used by that cell in order to perform the RRM measurements. The UE reports the results according to the configuration provided by the eNB. 
Mobility in RRC CONNECTED UEs in NR is assumed to be a network-controlled procedure [3]. It is also assumed that DL-based measurements mobility, such as in LTE, should be supported [4]. In addition to these common assumptions, some differences could exist for the NR mobility comparted to LTE [5]. As discussed in [1], NR will rely on the massive usage of beamforming not only for capacity but also coverage purposes so that network planning will take that into consideration. As a consequence, in order to be detectable, reference signals to be used for RRM measurements RRC CONNECTED will at least in some scenarios need to be beamformed and rely on some sort of beam sweeping. In that case, the UE should be able to distinguish between these different reference signals and perform RRM measurement accordingly, both when multiple reference signals come from the same transmission point as the serving beam and in the cases where these multiple reference signals come from a different transmission point, as shown in Figure 1.
Reference signals used for connected mode mobility shall be possibly beamformed and distinguishable, even in the case multiple of these neighbour beams are transmitted from a single transmission point.
[image: ]
Figure 1: Caption Measurements for synchronized and unsynchronized neighbour beams

[bookmark: _GoBack]In LTE, due to the fact that CRSs are cell-specific they do not easily allow the UE to distinguish individual transmission points or beams. To overcome this limitation, LTE introduced measurements based on CSI-RS or DRS. However this becomes more challenging when the transmission points are not synchronized.
In NR there will be scenarios where neighbour beams are not synchronized with the UE’s serving beam.
Reference signals used for connected mode mobility shall enable the UE to detect and distinguish beams that are not synchronized with its serving beam(s) / transmission points.

In another contribution [2]  it has been proposed that in order to achieve future proofness and energy efficient mechanisms at the network the MRSs should be designed to be sparsely transmitted in time and not all over the band. The UE-specific signals in LTE, such as CSI-RS and DMRs have this property of flexible configurability that should be further exploited. Configuring a UE with a specific set of reference signals is efficient in the sense that it allows adjusting the density as needed in the current environment and depending on the UE capabilities (e.g. MIMO layers, beamforming, etc.). As described earlier, even more than in LTE and, in particular at high carrier frequency, NR is expected to make extensive use of high gain, narrow beam width beam-forming to ensure adequate coverage. An optimal configuration of reference signals where a good trade-off between accuracy and overhead due to reference signals is selected will hence be vital.
To allow Reference signals used for connected mode mobility to be more confined in time and frequency. Configurability mechanisms should be further exploited in the NR design  
Reporting mechanisms in NR
In LTE, the UE can be configured to measure multiple CSI-RSs and report quality information to the serving cell via L1 mechanisms. That allows the network to perform some sort of transparent beam switching / tracking. In addition to that, the UE can also send to the serving cell RRC measurement reports.
For NR, in the case of synchronized beams and/or beams associated to the same L1 processing e.g. in centralized baseband scenarios, L1 reporting mechanisms towards the serving transmission point will likely exist. However, RAN2 should further analyse whether there will be similar RRC measurement reporting as in LTE for the case described above where the UE detects, distinguishes and measures beams that come from transmission points that are not synchronized with the serving transmission point.
In order to decide that, RAN2 should take into account specific NR challenges, such as the operation in higher frequencies. As detailed in [1], in high frequency transmission relying on beamforming a sudden deterioration of the serving beam SINR due to shadowing  may occur e.g. in “around the corner” situations. The serving beam SINR 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. Therefore, even assuming that the UE can perform measurements before the SINR is too low the UE still needs to send measurement reports and wait for an RRCConnectionReconfiguration or some sort of handover command from the source before it can try to access the target beams. Considering that what has triggered the measurements was a low SINR scenario, it needs to be further discussed whether the current mechanisms in LTE can allow an acceptable mobility performance in all scenarios. 
Study suitability of LTE-like measurement and handover procedures for new NR scenarios including high order beam-forming and high frequency bands. 
[bookmark: _Ref189046994]Text Proposal
Assuming the TR structure proposed in the email discussion entitled [93bis#22][NR] TR skeleton structure (DOCOMO), the following text is proposed to be captured.
10 Mobility
Mobility in RRC CONNECTED is network-controlled and UE-assisted. Mobility procedures should be design to address new challenges associated to NR such as the operation in higher frequencies, the support for energy efficiency mechanisms and the need to support multiple services in a common technical framework (xMBB, mMTc and URLL).
The following should be assumed concerning reference signals to support DL measurements based mobility:
Reference signals used for connected mode mobility shall be possibly beamformed and distinguishable, even in the case multiple of these neighbor beams are transmitted from a single transmission point.
Reference signals used for connected mode mobility shall enable the UE to detect and distinguish beams that are not synchronized with its serving beam(s) / transmission points.
Reference signals used for connected mode mobility should be allowed to be more confined in time and frequency. For that purpose, configurability mechanisms should be further exploited.
Conclusion
The following has been observed:
Observation 1	Before distinguishing physical layer mobility and RRC/RRM mobility, RAN2 should establish a common understanding on the new challenges for mobility solutions in NR, such as the operation in higher frequencies and energy efficiency.
Observation 2	Concerning the question about L1 vs. RRC/RRM mobility, RAN2 should first agree on assumptions concerning the type of measurements that should be available.
Observation 3	A general-purpose reference signal such as CRS in LTE needs to be dense in time and frequency. The use of such signals was abanonded in features introduced in later LTE releases. It prohibits future compatibility and is undesirable in terms energy efficiency and inter-cell interference.
Observation 4	Lessons learnt from LTE has shown that, in order to avoid backwards compatibility issues, a good design practice to be adopted in RAN2 is to analyse specific requirements for the specific functionalities in a decoupled manner.
Observation 5	In NR there will be scenarios where neighbour beams are not synchronized with the UE’s serving beam.
The following has been proposed:
Proposal 1	Reference signals used for connected mode mobility shall be possibly beamformed and distinguishable, even in the case multiple of these neighbor beams are transmitted from a single transmission point.
Proposal 2	Reference signals used for connected mode mobility shall enable the UE to detect and distinguish beams that are not synchronized with its serving beam(s) / transmission points.
Proposal 3	Reference signals used for connected mode mobility should be allowed to be more confined in time and frequency. For that purpose, configurability mechanisms should be further exploited.
Proposal 4	Study suitability of LTE-like measurement and handover procedures for new NR scenarios including high order beam-forming and high frequency bands..
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