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1	Introduction
In RAN2#95, it was agreed to study the upper layer aggregation, i.e. Dual connectivity like solution in the NR system. Multi-connectivity, is understood as a “Mode of operation whereby a multiple Rx/Tx UE in the connected mode is configured to utilise radio resources amongst E-UTRA and/or NR provided by multiple distinct schedulers connected via non-ideal backhaul”. For a UE in multi-connectivity, it needs to manage the cell(s) to which it is connected and determines via which cell(s) the data are transmitted/received. 
2	Discussion
A typical assumption for higher layer multi-connectivity is that the connection survives sudden degradation of one of the involved cells. While this is true in the sense that a connection failure is avoided, however such a sudden degradation will still lead to service interruption when the degradation is too sudden to initiate counter measures, namely a secondary RLF will occur. The reason is that data might get stuck in a failed SgNB buffer due to non-ideal flow control, and retransmission of this data by the MgNB will only happen when S-RLF is detected and reported or when retransmission timers expire. Both will cause service interruption of at least tens of ms; although packets can be exchanged with the MgNB at any time, they cannot be delivered to higher layers due to re-ordering.
For URLLC data duplication has been mentioned in several contributions. Indeed this can avoid those S-RLF-created interruptions. However, this obviously consumes more radio resources, and it may bottleneck the throughput by the slowest leg (typically a macro cell). Alternatively we may consider a faster fallback to the MgNB (or another leg) in case of a sudden degradation of one SgNB. This could be a bearer switch (“1a”) or in case of “3c” just a change of the routing policy in the PDCP. In any case this has to be organized by the MeNB
Today, this is not trivial due to the following reasons:
· Fast CSI information about the SgNB is only available at the SgNB.
· The MeNB can configure appropriate reporting triggers (based on SgNB quantities), but today’s triggers are sluggish due to fairly long L3 filtering (typically in the order of magnitude of hundred ms).
· The MeNB could configure shorter L3 filtering, however this would destabilize other mechanisms (such as SgNB removal, MeNB change, etc.)
· The flow control between MgNB and SgNB provides regular inherent SgNB channel knowledge to the MgNB, however this is also too sluggish by definition due to the Xn latency.
[1] has already suggested to introduce faster measurements. The principle solutions would be:
- 	UEs send SgNB CSI information to the MgNB
- 	SgNB forwards CSI to the MgNB (either “as is” or after applying a suitable filtering/averaging)
- 	A more flexible configuration of today’s Layer 3 filtering, in order to allow for fast measurements without spoiling other mechanisms.
In this paper, we analyse the radio signalling variation being impacted by the measurement L3 filtering. Afterwards, the different consequences of bad decision are identified between handover/adding/removing a cell and selecting the cells for data delivery for a multi-connectivity UE. To enable more flexible data transmission, we propose applying parallel measurement filtering to evaluate the reporting criteria for different purposes. 
2.1	Fading characteristics
The high frequencies envisioned to be used for NR make the shadowing effect more abrupt than in the previous generations of mobile networks. Figure 1 illustrates the simulated variation of actual signal level, measurement noise and the averaged signal level using four different filter configurations, when the user turns around a corner at walking speed (note that the user may not even move, but a passing car may cause blockage of the signal). The simulation was done for 28 GHz and 3 km/h UE speed. As can be seen, the signal fades quite rapidly and to react to that, the measurement filtering delay should be minimized. However, a short filtering delay implies light filtering and large variation in the result.  
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Figure 1: Variation of signal level

2.2	Filtering requirements
In LTE, the radio signal measurements are typically used for triggering a handover. A handover is a critical procedure and a bad decision may lead to failures with long service interruption and a heavy re-establishment process, or to excessive signalling due to “ping-pong” effect. Thus, in LTE the measurement results are averaged by L3 filtering, in order to reduce their deviation, and the triggering condition has to be fulfilled for a certain period (i.e. time-to-trigger, TTT), before a measurement report is finally sent and handover attempt initiated. This can take hundreds of milliseconds.
However, when we are discussing steering or switching the user plane between already existing links in a multi-connectivity scenario, the impact of switching the user plane traffic to a sub-optimal link, due to having inaccuracy in the measurement result, is much lower. If the user plane is switched to a link that is not able to deliver the data, the data will simply be retransmitted using other link(s). Furthermore, because the links are already established, user context is already at the involved base stations, the required Xn/S1 connections are up and running, i.e. no heavy signalling is involved. Thus the consequences are limited to the needed resources and time to perform the retransmissions, until the situation is detected and the user plane switched again to a better link. 
Due to this, the filtering can be made lighter (faster response, but decreased accuracy) and time-to-trigger can be kept short. The user plane switch can be done in a few tens of milliseconds as illustrated in Figure 2. The figure shows a fading link and a stable fall back link. A measurement report is triggered, when the second link becomes better than the first one by a margin. The required margin can depend on the absolute strength or quality of the first link, in order to avoid unnecessary reporting. The figure has been made clearer by omitting the noise and fast fading graphs of Figure 1.
Observation 1: The reliability requirement of the signal strength/quality estimation for steering the user plane between configured multi-connectivity links is much lower than for initiating handovers. This enables the use of faster filtering and shorter time-to-trigger.
Please note that stable measurements (with long filtering) are still needed to set up and remove the links, or to change the master eNB. Those procedures still require heavy signalling and should be based on solid decisions.
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Figure 2: Initiating a UP switch. 4 different filter options shown. 

2.3	Measurement options
In order to be able to continuously compare the strength and/or quality of the signals on each of the existing links, the fast filtering should be applied to the measurements performed on all cells that belong to the set of links. This should not depend on whether the cell (link) is presently carrying user plane data or not. For example, CQI/CSI is only available, when a link is carrying data or signalling, but some reference signals are usually available on regular basis. 
The situation is the same for the measurement filtering used for adding/removing links and for initiating single connectivity handovers, with the exception that these require more cells to be measured. Thus, the same basic cell measurements can be used for both purposes, but different filters are needed. Furthermore, different cell individual offsets and trigger criteria should be used in order to be able to bias the switching of the user plane towards the link that has the best fit with the requirements of the particular traffic within the existing set of links.
Observation 2: The cell measurements that are used for adding and removing links, or initiation of a single connectivity handover, form a suitable basis, but shorter filtering and separate trigger configuration are needed.
In a multi-connectivity set-up, measurement results need to be filtered in parallel for both (1) adding/removing links and for (2) switching user-plane between the configured/established links. 
According to TS 36.331 [2], chapter 5.5.1 currently specifies the following:
“Quantity configurations: One quantity configuration is configured per RAT type. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. One filter can be configured per measurement quantity.” This enables the use of one filter per RAT only, which leads to one filter per cell only. As explained above, two different filters would be needed.
“For intra-frequency and inter-frequency measurements a measurement object is a single E-UTRA carrier frequency. Associated with this carrier frequency, E-UTRAN can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells.” Only one set of cell specific/individual offsets can be configured per frequency and thus only one cell individual offset can be configured per cell in the UE. As explained above, different cell individual offsets for the two measurement reporting purposes would be needed for each cell in the UE.
Several parallel reporting configurations and related events are already enabled by TS 36.331. If anything more is needed is FFS.
It is observed that currently the L3 filtering is configured per RAT, i.e. single filtering is applied to evaluate all the reporting criteria for one measurement quantity. Therefore, it is proposed to enable parallel measurement filtering and report triggering for the UE in multi-connectivity. 
Proposal 1: Enable parallel radio signal measurement filtering and report triggering paths in the UE for any cell, for the purposes of (1) adding/removing links (or making a handover) to/from the set of configured links and for (2) steering user-plane between configured multi-connectivity links, each path having independent filtering, cell individual offset and report triggering configurations.
The total encountered delay of the measurements is obviously also impacted by e.g. L1 filtering which is not within the scope of this paper and beyond RAN WG2 capabilities. This paper is entirely focused on L3 filtering which in NR could be made more adaptable than in the legacy LTE system. However, to ensure the whole measurement-related solution operates as robustly as possible, various options in terms of configurability should be also considered for L1 filtering by other RAN WGs. (i.e. RAN WG1 and RAN WG4). E.g. it could be evaluated whether in certain cases it is feasible to apply shorter L1 averaging (or even get rid of such step). 
3	Conclusion
Observation 1: The reliability requirement of the signal strength/quality estimation for steering the user plane between configured multi-connectivity links is much lower than for initiating handovers. This enables the use of faster filtering and shorter time-to-trigger.
Observation 2: The cell measurements that are used for adding and removing links, or initiation of a single connectivity handover, form a suitable basis, but shorter filtering and separate trigger configuration are needed.
Based on the above observations we propose:
Proposal 1: Enable parallel radio signal measurement filtering and report triggering paths in the UE for any cell, for the purposes of (1) adding/removing links (or making a handover) to/from the set of configured links and for (2)  steering user-plane between configured multi-connectivity links, each path having independent filtering, cell individual offset and report triggering configurations
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