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1
Introduction
In RAN4#80 meeting in Göteborg RAN4 discussed measurement gap enhancements WI and a WF was agreed in [8]. In this paper, we give our view related to the per-CC topics as captured in the WF. 
2
Discussion
The agreed WF included multiple possible solutions to be studied including shorter MGL for synchronous operations, new gap patterns, network controlled small gaps (NCSG) and per-CC based measurement gap configuration. In this paper, we will look at per-CC based measurement gap configuration solution. 
2.1 Per-CC based measurement gap configuration
When looking at the discussions related to the per-CC based measurement gap solution and the agreed WF, it seems clear to us that there are two basic approaches that can be considered:

1) Apply measurement gap on per-CC and allocate a specific RF chain for performing measurements.

2) Apply a measurement gap on all carriers and measure multiple carriers per measurement gap.

Both solutions will have dependences to the UE architecture and how the UE RF is implemented. Additionally, both solutions will have system level impact at least in terms of measurement performance and throughput. Next, we will look at the 2nd solution.

2.2 Per-CC based measurement by use of common gap

Currently it is defined that a measurement gap is a gap on all configured and activated cells. I.e. the UE shall obey the rules in section 8.1.2.1 and is not expected to receive or transmit any data on any activated SCell during the gap.
This means that all the UE receivers are assumed not being occupied by data transmissions and would be available for performing measurements. Considering a UE capable of 3CC CA would potentially be able to measure up to 3 different carriers per measurement gap. How many carriers the UE can measure in parallel depends first of all on the UE capability and which carriers the UE is configured to measure.
Similar to the discussion related to solution 1, the RAN4 specification now support CA of up to 5CCs in multiple different combinations. As measurement gap enhancements solution is new core requirements, and such new solutions should be generic and therefore cover all already defined CA combinations – as well as being forward compatible for coming CA combinations. In order to enable such compatibility there is very likely a need to have fully flexible signalling defined for this solution. Although the actual signalling is for RAN2 to decide RAN4 would need to consider realistic deployments and use.

Different from the solution 1 in section 2.1, this solution would not introduce interrupts on any ongoing UL/DL data transmissions on any active CC. Therefore, this solution does not need any support from NCSG solution to handle potential interrupts introduced by the Per-CC gap solution 1, and can be introduced as stand-alone solution.
Observation 1: Per-CC based parallel measurements by use of common gap will not cause interrupts.

Observation 2: Per-CC based parallel measurements by use of common gap can be introduced as stand-alone solution.

The solution is of course already possible to use by UEs today as there are no limitations preventing the UE to measure more than 1 carrier per gap. However, in order for this solution to provide any system level benefits, there would need to be a common understanding on UE and network side regarding whether the UE measures one or more carriers per gap. The system benefits would on the other hand be significant in terms of reduced measurement delays and mobility that is more robust.
Proposal 1: RAN4 introduces parallel measurements by use of common gaps.

This solution would need signalling support in terms of signalling to the network which carriers the UE can measure in parallel – which would depend on UE capability and RF architecture. Such signalling would likely be very similar to the signalling needed for the solution 1 in section 2.1.
Observation 3: Common gap solution can provide significant system benefits in terms of reduced measurement delays.

Observation 4: Network would need to be aware of the UE capability.
Based on the UE capability to perform parallel measurements during a gap the measurement requirements would need to be adjusted accordingly. 
Proposal 2: Define UE performance requirement for parallel measurements.
Due to improved measurement performance on UE side and reduced measurement delays for UEs being capable of performing measurements in parallel – RAN4 could discuss combining this solution with the non-uniform measurement gap solution (burst) discussed.
3
Conclusion
In this paper, we have continued the discussion on measurement gap enhancements based on the WF agreed in the last RAN4 meeting in Göteborg. We have looked at per-CC based measurement gap configuration solutions. Based on the discussion in this paper we make a number of observations and proposals regarding the new solution discussed:
Observation 1: Per-CC based parallel measurements by use of common gap will not cause interrupts.

Observation 2: Per-CC based parallel measurements by use of common gap can be introduced as stand-alone solution.

Observation 3: Common gap solution can provide significant system benefits in terms of reduced measurement delays.

Observation 4: Network would need to be aware of the UE capability.
Proposal 1: RAN4 introduces parallel measurements by use of common gaps.

Proposal 2: Define UE performance requirement for parallel measurements.
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