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1	Introduction
In last RAN4 meeting in Melbourne, Australia, the discussions related to UE requirements for euCA support continued with some progress. One of the solutions under discussion is the early measurement reporting during connection setup to facilitate faster CA setup.
In this paper we provide further input to the discussion related to this solution, providing also draft text proposal.

2	Discussion
In Melbourne following was agreed in [1
· Introduce accuracy requirements for the reported measurements
· No additional BS or UE demodulation performance requirement is needed for euCA
· No new requirements related to number of carriers the UE should be able to monitor
· Any inter-frequency layer that UE measures for fast CA setup is counted toward the total number of frequency layers UE monitors.
This means that the procedure will be that the UE shall perform idle mode measurements of certain carriers – indicated either in dedicated manner or via SIB5 signalling – and report such measurements at connection setup.

2.1	UE Reporting Requirements
In Melbourne a number of open issues were raised related to the UE requirements during the discussions and captured in the agreed WF [1]. Next, we discuss these open items and provide our view on a feasible solution. 

[bookmark: _Hlk512934965]2.1.1	Applicability of the requirement
Concerns have been raised about the potential impact on the UE side related to the idle mode measurements performed for early reporting. Initially, the discussions have not been addressing any special limitations concerning which cells on the indicated carrier the UE should measure. Anyhow, reducing the number of cells to measure could reduce UE impact and next, we look at a number of potential approaches.
It has been proposed that it would be assumed that detected cells in connected would also be assumed be detected by the UE after transitioning to idle mode. Such assumption would help in decreasing the expected UE measurement delay by excluding Idle mode cell delay from these cells. In that sense, one could consider that in order to minimize the UE impact, the UE would only be required to measure cells in idle mode which are already detected cells in connected mode.
Minimizing the UE impact, could be achieved if UE only is to measure cells in idle mode which are already detected cells in connected mode.
Another way to limit the UE impact would be to limit the idle measurements to SCell(s) configured prior to the release of the connection. I.e. if the UE was configured with CA prior to connection release, the UE would measure the cell on the indicated carrier in idle mode, which was earlier configured as SCell.
Minimizing the UE impact, could be achieved if the UE is only to measure cells on an indicated carrier which were earlier configured as SCell.
Alternatively, the UE would measure known cells in idle mode. I.e. only cells which are considered known to the UE would need to be measured by the UE in idle mode. This approach of course means that there would need to be a clear definition of what is defined as a ‘known cell’ once the UE has transitioned to idle mode.
Minimizing the UE impact, could be achieved if the UE is only to measure known cells in idle mode.

[bookmark: _Hlk512937349]2.1.2	Minimum number of cells and inter-frequency layers to measure
How many cells the UE would need to measure would to some extend depend on the applicability of the feature as well as what is agreed concerning known cells.
In general, from network point of view and flexibility of the feature, it would be beneficial if the UE would be reporting detected cells from configured carriers with good accuracy of the reported measurements. This would enable most robust solution with lowest probability of network configuring a less suitable SCell when entering connected mode.
Accounting the UE measurement burden and the network need, at least one cell per carrier would be needed. From network point of view, it is more important that the measurement accuracy of any reported cell(s) is good enough rather than the UE provides the network with high number of cells – but potentially with lower measurement accuracy.
Reporting less cell candidates with good measurement accuracy is more important than reporting more cell with lower measurement accuracy.
Currently, the idle mode requirements do not state anything about the number of cells the UE should measure per inter-frequency carrier. It only states requirements related to how fast the UE shall be able to evaluate whether a newly detectable cell meets the cell reselection criteria under defined conditions. In order to limit the UE impact, we propose not to introduce new requirements related to minimum number of reported cells.
Currently RAN2 has decided that the UE can be signalled a list of cells which to measure Such list could be as input to limiting the cells which the UE measure in Idle. Additionally, RAN2 has also decided that the UE can provided with a threshold used for deciding when to measure/report a cell and when not. As baseline we think at least one cell per carrier would need to be measured for the purpose of early reporting.
UE shall be able to report at least 1 cell per configured carrier.

2.1.3	Measurement accuracy
As discussed in earlier meetings, it is important that the measurement accuracy of the reported cells would be guaranteed, as the purpose of reporting the measurement early during the connection setup, is to facilitate network to configure SCells fast to enable better utilization of the SCell (and improve user experience by enabling high TP through CA faster than possible with current method).
In order to account for the time variations of the channel, it seems clear that there would need to be some requirements related to the time domain aspect of the UE measurements. 
UE requirements related to the time domain aspect of the UE measurements is needed.
Even in current idle mode requirements it is assumed that the UE performs time averaging of at least two measurement samples spaced at least DRX/2 apart. Using similar requirements for early reported cell would seem logical – as well as it should not impose any new requirements on the UE side.
Following result shows the outcome of simulations in which we have looked at how the Idle mode measurement filtering impacts the network decision whether to configure an early reported cell as SCell or not. We have looked at different paging cycles assuming UE also performs measurements when receiving paging. We have used 320ms and 1280 ms paging cycles. Two different UE velocities have been used approx. 4kmh and 30kmh. We have then evaluated the hypothetical thesis: what is the probability of network performing the correct decision with a certain measurement accuracy compared to if the network had ideal results.
[image: ]
Figure 1 probability of correct decision as a function of filter length and accuracy for 320ms paging and 4kmh
Here we see that the lower accuracy means that a longer measurement filtering is needed in order to ensure correct network decision. If we then look at longer paging cycle and higher speed we do see a change.
[image: ]These results show that in this case it is not beneficial to have long measurement filter but instead shorter filter is preferred. Based on the results shown here we propose to use a medium filter length as a compromise but such that some time domain filtering is applied.Figure 2 Figure 2 probability of correct decision as a function of filter length and accuracy for 1280ms paging and 30kmh

UE measurements shall account time domain averaging.
UE performs time averaging of at least two measurement samples spaced at least DRX/2 apart.
The current idle mode accuracy requirements for inter-frequency cell reselection can be seen:
provided that the reselection criteria is met by a margin of at least 5dB for reselections based on ranking or 6dB for RSRP reselections based on absolute priorities or 4dB for RSRQ reselections based on absolute priorities
Based on this we propose to absolute RSRP accuracy requirements of 6dB, and 4dB for RSRQ accuracy requirements.
UE absolute RSRP measurement requirement is +-6dB.
UE absolute RSRQ measurement requirement is +-4dB.

[bookmark: _Hlk512942910]2.1.4	Measurement scheme for known cell and unknown cell
In general, it is important that measurements reported to the network to be used by the network for potential configurations, have a minimum level of accuracy. This is the reason why RAN4 has defined measurement accuracy requirements for connected mode, where measurements results are reported to network to facilitate network control, while in Idle mode RAN4 has not defined any measurement accuracy requirements.
For euCA, this principle should be followed and therefore it was also agreed to introduce accuracy requirements for the reported cells. 
In euCA the intention with enabling early reporting of measurement results is to enable network to provide UE with faster CA, improving both TP and user experience while protecting the UE power consumption. Following the spirit of legacy, there is likely no need to precisely define how the UE perform the idle measurements if the reported results is within the accuracy requirements. 
It is however important that the network can rely on correct UE reporting when the reporting conditions are expected to be fulfilled. I.e. it is not seen feasible to rely on best effort principle. Such principle could lead to UE missing reporting a perfectly good candidate cell (e.g. former SCell) under static conditions, even if the requirements apply and the cell conditions are fulfilled.
UE requirements based on UE best effort is not seen as being reliable for network usage.
A network is assumed to use the euCA feature when needed. It is not seen to be a feature configured without considerations but used when needed. E.g. UEs which has just been configured with CA. To address the UE impact, it is also agreed to introduce measurement limitations. Using time limited applicability ensures that the UE is only expected to report cells with the given accuracy if the early report is triggered within the measurement window.
UE measurement accuracy requirements are only expected to be fulfilled within the configured measurement time limit.

2.1.5	Measurement time limitation
RAN2 has already agreed, that a timer will be configured when the early reporting is configured in a dedicated manner. I.e. UE is only required to measure and report cells with the defined accuracy, according to the configuration, until the timer expires.
For SIB5 configuration no timer has been defined by RAN2. However, as discussed in earlier meeting, if it seen beneficial RAN4 can introduce a time limit for this situation in order to account and reduce the potential UE power consumption impact.
Alternatively, RAN4 could define separate requirements early reporting based on SIB5 configuration. Such requirements could e.g. be more relaxed in order to address the UE power consumption concerns.
RAN2 has agreed introducing measurement time limitation for dedicated measurement configuration for early reporting.
Introduce time limitation for SIB5 configured idle mode measurements for early reporting.

2.2	Enhanced utilization of CA, an example
Next, we do look at one practical example of an euCA use case where fast CA setup really brings benefits in terms of better utilization of the SCell, better TP and user experience while accounting the UE power consumption - as shown in [2][3].
While the UE is in connected mode it is configured with CA. Once the need for data transmission seizes, the UE is moved to idle for improved UE power saving purposes. During the connection release, the UE is configured via dedicated signaling to perform measurements on a carrier for the purpose of enabling fast CA setup. 
During idle UE will be measuring one or more cells on the configured carrier. The exact UE measurement procedures would be left for UE implementation assuming the measurement accuracy of measured cell(s) fulfills the reporting accuracy requirement. 
UE will only be required to measure the configured carrier/cell(s) according to the configured time limitation included in the configuration. If the timer expires, no UE reporting requirements applies. If the connection setup happens while the timer running (i.e. not yet expired) the UE will report measured cells. 

3	Conclusion
In last RAN4 meeting in Melbourne, Australia, the discussions related to UE requirements for euCA support continued with some progress. One of the solutions under discussion is the early measurement reporting during connection setup to facilitate faster CA setup.
In this paper we provide further input to the discussion related to this solution and based on the new simulation results we propose following:
1. UE shall be able to report at least 1 cell per configured carrier.
1. UE measurements shall account time domain averaging.
1. UE performs time averaging of at least two measurement samples spaced at least DRX/2 apart.
1. UE absolute RSRP measurement requirement is +-6dB.
1. UE absolute RSRQ measurement requirement is +-4dB.
1. Introduce time limitation for SIB5 configured idle mode measurements for early reporting.
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