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1 Introduction
Discussions on introduction of RRM measurement requirements have been ongoing in RAN4 for a couple of meetings. In last meeting, the discussion continued concerning a change in the measurement requirements for a CA UE when the UE has 3 or more SCells configured.

In this paper, we recap on the fact that the network SCell configuration and management of CA does have direct impact on UE power consumption. We look at the inter-frequency measurement requirements, CA SCell measurement requirements and the use of blind configurations in order to broaden the discussion. 
We also highlight – that the question discussed here is not related only to 4DL CA. Clearly, the problem should be discussed more generally also considering DC and the ongoing B5C CA WI. We provide one proposal how to address the problem in a generic manner.  
2 Discussion
CA configurations are controlled by network and can be done in different ways depending on the network strategy. As already discussed in RAN4 the SCell can be configured both as a known SCell and as an unknown SCell. Which strategy the network applies is a network choice but has impact on the UE measurement effort. Of interest to this discussion is also the UE SCell PDCCH monitoring requirements for an activated SCell as well as normal inter-frequency measurement requirements. Another angle of the problem is the number of cells per carrier that the UE has to monitor depending on whether there is an SCell configured on the carrier or the carrier is measured using inter-frequency measurement requirements.
2.1
Inter-frequency/SCell carrier measurement requirements
Prior to SCell being configured the measurements performed on the candidate SCell (carrier) – if such are configured by the network – are done according to inter-frequency rules and requirements. As the UE is assumed CA capable the UE should be able to perform non-gap assisted measurements on the carrier and i.e. the measurement are done according to GP0.
If the network relies on using blind SCell configurations (e.g. due to co-location) the network could chose not to configure inter-frequency measurements on the candidate SCell carrier. Not configuring inter-frequency measurements on the SCell carrier leads to lower measurement activity on UE side.
Once the SCell has been configured by network, the UE measurement requirements depend on whether the SCell is deactivated or activated. The state of the SCell has clear impact on the measurement requirements:
· Activated SCell: intra-frequency measurement requirements (Common DRX is applied)
· Deactivated SCell: measurement requirements according to measCycleScell [160ms – 1280ms]
For measurements on the deactivated SCell the requirements are relaxed compared to inter-frequency measurements. I.e. the UE is allowed to perform measurements on deactivated SCell carrier according to the configured measurement cycle, which in worst case (from UE measurement activity and power consumption point of view) is 160ms. And this is in fact 4 times less than inter-frequency measurement interval.
Measurements on the activated SCell are done according to intra-frequency measurement requirements. I.e. UE performs measurements according applied DRX or non-DRX. As the UE SCell PDCCH monitoring requirements anyway follow the common DRX principle – the UE will only be required to measure the activated SCell according to the DRX applied – i.e. UE is only required to measure when it is anyway awake for monitoring the SCell PDCCH.
Based on the monitoring requirements, the UE measurement requirements on activated SCell seems rather reasonable and power optimised, as they only require the UE to measure when the UE is anyway awake due to required PDCCH monitoring based on the common DRX principle. It is likely not increasing the UE power consumption significantly due to processing of the measurements compared to actually keeping the RF awake for monitor the PDCCH.
Observation 1: Processing measurements when UE is anyway receiving PDCCH is not having significant impact on UE power consumption.
What can have greater impact on UE power consumption is the activity due to measurements performed on the inter-frequency carriers targeted for SCells as well as measurements on deactivated SCells. Measuring such carrier/de-activated SCell would mean waking up a receiver chain of the UE side solely for the purpose of performing measurements. But as explained above – the measurement activity related to these measurement requirements depends on a large extend on the network configuration and deployment strategy. 

Observation 2: Network CA deployment strategy has impact on UE measurement activity. 
2.2
Requirements related to number of Ncells to monitor

Another topic raised during the discussion is the number of neighbour cells that the UE is required to monitor per configured carrier. The current requirements are:
· Intra-frequency measurements: the UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.
· Inter-frequency measurement Object: UE shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies (8FDD in case of IncMon capable UE).
· CA primary component carrier: E-UTRAN intra frequency measurement requirements apply.

· CA secondary component carrier:

· Activated: E-UTRAN intra frequency measurement requirements apply.

· De-activated: The UE shall be capable of performing RSRP and RSRQ measurements for 8 identified cells on a secondary component carrier.

· DC PSCell: E-UTRAN intra frequency measurement requirements apply.

The number of cells per carrier that has to be supported has impact on the UE searcher. Worst case is when the UE is not applying DRX and has to continuously monitor multiple carriers according to intra-frequency measurement requirements. As the number of possible DL CC being aggregated increases the load on the searcher increases leading to potential capacity problems (memory, processing etc.).
There are at least two ways to address the problem:

· Reduce the number of NCells the UE shall be able measure (as proposed lately in RAN4)

· Increase UE searcher capacity

I last meeting it was proposed to reduce the number of NCell for UE to measure from 3rd DL CC or in a generic manner for all CCs (i.e. reduce number of NCell from 8 to 7). It was also raised as a requirement that the UE behavior and requirements need to be clear from network point of view.
As the CA work in 3GPP Rel-13 includes 5DL and 8CC CA - and the CA combinations will not stop at that – it seems reasonable to have a broad discussion in RAN4 concerning overall UE NCell measurement requirements and RAN4 should discuss a solution that covers beyond 4DL.

Proposal 1: RAN4 discussion on measured NCells should be generic and cover beyond 4DL
Increasing the UE searcher capacity is one way to address the problem and it must be a reasonable assumption that the searcher capacity of the UE is scaled according to its CA capability. I.e. as the UE becomes capable of aggregating more and more component carriers the searcher of the UE must scale accordingly to cope with the basic and already defined intra-frequency measurement requirements. 
Lowering the UE requirements concerning number of neighbour cells the UE needs to be able to measure on serving carriers is another way. But this could have impact on the network performance in terms of reducing the information available on network side.
When discussing this problem it is clear that there is more than one way to address it. Additionally RAN4 should consider future CA development as CA DL combinations will not end at 5DL as we already have 8CC coming in the near future. Therefore, RAN4 should find a more generic solution not only limited to 4DL.

In order to this RAN4 would need to understand the actual problem raised (UE power consumption issue, UE searcher capacity, memory challenge, unnecessary requirements etc.) and the potential impact from a solution (reduction in network information, limitation in network configurations, less information handling on network side etc.). Based on this RAN4 can decide the most suitable solution to solve the problem. E.g., there may be solutions, which can accommodate both UE and network goals by reducing the UE measurement requirements simply by allowing UE to have informing co-location information.

Therefore, ongoing discussions should of course not stop the work in RAN4 but should still allow progress of ongoing WIs.

Proposal 2: Keep current UE requirements and allow progress of ongoing WIs while discussing.
3 Conclusions 
In this paper we have discussed UE measurement activity in connection with CA configurations has been addressed. The Network CA strategy has impact on the UE measurement effort as network could make use of blind configuration strategy or could make use of continuous inter-frequency measurement strategy.

Due to the continued work in 3GPP on CA we propose:

Proposal 1: RAN4 discussion on measured NCells should be generic and cover beyond 4DL
Additionally as the UE becomes capable of aggregating more and more component carriers, the searcher of the UE must scale accordingly to cope with the basic and already defined intra-frequency measurement requirements. Therefore it is proposed:

Proposal 2: Keep current UE requirements and allow progress of ongoing WIs while discussing.
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