3GPP TSG-RAN WG4 Meeting #81 
R4-1609323
Reno, USA, 14 – 18 November 2016
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Per-CC based measurement using common gap 
Agenda item:
8.29.2
Document for:
Discussion

1
Introduction
In RAN4#80 meeting in Ljubljana RAN4 discussed measurement gap enhancements WI and a WF was agreed in [9]. One part of the WF was to provide views on how to capture parallel measurement requirements related to the per-CC measurement gap. 
2
Discussion
In this paper, we will look at per-CC based measurement gap configuration solution where the UE capability is used as information to whether the UE can perform measurement without gaps and how this can help in introducing parallel measurements and related requirements. 
2.1 Per-CC based measurement gap configuration
As discussed in other papers – e.g. [10] - it seems clear that there are two basic approaches that can be considered when discussing Per-CC measurement gaps:

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 depend e.g. on 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 therefore be available for performing measurements. On the other hand when looking at the basic UE measurement requirements these are still based on the assumption that UE will only measure one carrier per measurement gap.

Carrier aggregation (and dual connectivity) has later been introduced and it can be assumed that already now, and in the future, a large majority of the devices will support either CA or DC (or both). Such devices will be equipped with more receivers – and therefore it can be expected that they can also measure more than one carrier per measurement gap. Considering e.g. a UE capable of 3CC CA – such device would potentially be able to measure up to 3 different carriers per measurement gap. 
Measuring more than one carrier per gap obviously has the benefit of reducing the UE measurement latencies, which is positive for the overall system performance. 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.
One other positive effect of this solution is that, as the gap applies on all configured carrier, it will not introduce any disturbances on any ongoing UL/DL data transmissions on any active CC. Therefore, this solution can be introduced as a 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.

A UE is of course already today allowed to perform parallel measurements, as there are no limitations preventing the UE from measuring more than 1 carrier per gap. However, in order for this solution to provide 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.
2.3 UE requirements for parallel measurements

UE is already indicating to the network its CA/DC capabilities. Additionally the UE is also indicating whether it needs gap-assisted measurement or not.
Based on the CA capabilities the network will know which carriers the UE can aggregate and therefore operate in parallel. The same must be assumed when it comes to performing parallel measurement – i.e. if a UE can aggregate two carrier A and B it must be assumed that UE can also measure carriers A and B in parallel.

As an example – let us assume UE is capable of aggregating carriers A, B and C. UE is camped on carrier A and configured to measure object B and C (inter-frequency measurements). In this case it can be assumed that the UE will be able to measure both carriers B and C in one and same measurements gap. Similar if UE was camped on carrier D (not aggregable with A, B or C) UE would be able to measure in parallel carriers A, B and C.

The current requirements would need to be adjusted according to the UE capability of performing parallel measurements. We see this possible by making updates to section 8.1.2.1 on UE measurement capability. Possible new requirements text could be:
A UE that is capable of performing parallel measurements (inter-frequency) shall follow the requirements using Nfreq according to number of parallel measurements.
In section 8.1.2.1.1 the Nfreq would need to be corrected accounting for the parallel measurement capability. E.g. if the UE can perform parallel measurements on two of the configured carrier these will count only as one Nfreq, E-UTRA.

Once the Nfreq has been adjusted accounting for the parallel measurements the inter-frequency requirements would stay unchanged. E.g. inter-frequency cell detection:
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Would not need to be changed.

2.4 Summary

Based on the discussion in [10] and in this paper we see clear system benefits from introducing parallel measurements for UEs capable of this.

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 UE measurement requirements would need to be adjusted accordingly – one example illustrated in this paper. 
Proposal 2: Define UE performance requirement for parallel measurements.
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 Ljubljana. We have looked at per-CC based measurement gap configuration solution for introducing parallel measurements. 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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