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Discussion
1 
Introduction
In last RAN4#75, the objectives of the SI to enhance measurement gap are further clarified in [1].

In this contribution, the single RFIC related measurement gap enhancement is discussed. And the following aspects are specifically considered
· increase UE scheduling opportunity and/or reduce UE power consumption

· reduce the Ack/Nack missing rate due to PCell/SCell interruption

· exploit the feature of multiple Rx chains equipped in CA capable UE
2 Multiple Rx chains of CA/DC capable UE

Separate Rx chains are assumed in the reference architecture of CA (e.g. inter-band and intra-band NC). From inter-band/inter-RAT measurement perspective, CA reference architecture potentially provides UE more flexibility to balance the measurement load among all RX chains. It should happen quite often that PCell and SCell have different traffic load and sensitivity over the measurement delay. For example, when PCell is used for coverage purpose and SCell (or PSCell in DC) is for offloading purpose, it is reasonable to assume PCell has lighter load but higher measurement delay sensitivity than SCell (or PSCell). In this case, it is reasonable to implement different inter-frequency measurement gap configurations (e.g. MGRP) for PCell and SCell/PSCell, repsectively.

Observation 1: Since different CC layers may have different traffic load and measurement delay sensitivity, it is beneficial to allow different CC is configured with different measurement gap configurations.

Proposal 1: Measurement gap can be independently configured for each CC.     
3 
Single RF-IC implementation and interruption
Single RF-IC is generally implemented as a multi-com and multi-carrier solution on the same die. This highly integrated RFIC features an integrated fractional-N synthesizer, integrated LNA and PA drivers. And, the corresponding cost, power consumption and area can be significantly reduced in comparison to discrete solutions. Due to the non-ideal isolation between the Rx chains of different component carriers in CA and DC, interruption is observed. In Rel-12, PCell interruption has been well discussed. It has been agreed that 1ms and 5ms of interruption in case of inter-band and intra-band CA are allowed in case of necessity. The benefit to allow interruption for certain scenarios (e.g. deactivated SCell measurement) has been also realized. However, since interruption is typically unknown to the network, the corresponding ACK/NACK missing rate also has non-trivial impact on the network performance. This issue has been investigated in some studies [2,3], aiming to make interruption visible to the network . Nevertheless, it is still subject to further investigation from implementation flexibility and compatibility perspectives.
For CA/DC capable UE, if the occasions of measurement gap on different Rx chains are not aligned as shown in Figure 1, the interruption can happen very often. The associated impact on the network may not be acceptable.

[image: image1.png]Pcell Rx Chain

SCell Rx Chain

MGRP of PCell

D —

MGRP of SCell

Interruption due to SCell
measurement gap

11

MGL=6ms




Figure 1: Illustration of PCell interruption when PCell and SCell have different measurement gap configurations
Observation 2: Interruption due to single RF-IC implementation is still an open issue. When different CCs are configured with different measurement gap configurations, the impact of interruption becomes even severe.  
4 
Measurement gap configurations for CA/DC capable UE
In previous sections, the pro and con have been analysed if measurement gap is independently configured for different CC. In this section, the scenarios when all CCs are activated are studied. We investigate how to mitigate the interruption impact and facilitate independent measurement gap configuration.
· Scenario 1: CA and synchronous DC

In this scenario, the density of measurement gap, or equivalent MGRP, is different for different CC. The CC with sparse measurement gap can enjoy better UE scheduling opportunities and afford heavier traffic load on that carrier. The CC with dense measurement gap can be used to guarantee the target measurement delay. For the occasions where the measurement gap is configured for one CC but not the other, short gap [2,3] can be introduced on the CC with no measurement gap configured to accommodate the interruption. The length of short gap can be FFS. During the short gap, UE is not expected to receive and transmit the data. As an example, Figure 2 depicts the case where different MGRP is configured for PCell and SCell. In this case, SCell’s MGRP is much larger than PCell’s. Therefore, the corresponding UE scheduling opportunities and overall throughput performance on SCell can be significantly improved. Meanwhile, since MGRP on PCell remains relatively short, the overall measurement delay should be maintained as similar level as the legacy scheme. Short gaps highlighted in green in Figure 2 are introduced. With this, the ambiguity introduced by interruption can be clarified.   
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Figure 2: Illustration of multi-measurement gap configuration in CA and sync DC scenarios
· Scenario 2: asynchronous DC

For asynchronous DC, the major difference from CA is the length of interruption. The length of interruption between PCell and PSCell can be up to 2ms due the subframe boundary misalignment. The exact length of short gap design can depend on the arrival timing misalignment (or subframe boundary misalignment) between MCG and SCG. Figure 3 and 4 illustrate how short gap should be configured in case MCG and SCG have different MGRP.
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Figure 3: Multi-measurement gap configuration for async DC with subframe boundary difference<0.5ms
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Figure 4: Figure 3: Multi-measurement gap configuration for async DC with subframe boundary difference>0.5ms
5 
Conclusion
In this contribution, our views on multiple measurement gap configurations for CA/DC capable UE with single RF-IC implementation are provided 
Observation 1: Since different CC layers may have different traffic load and measurement delay sensitivity, it is beneficial to allow different CC is configured with different measurement gap configurations.

Observation 2: Interruption due to single RF-IC implementation is still an open issue. When different CCs are configured with different measurement gap configurations, the impact of interruption becomes even severe.  
Proposal 1: Measurement gap can be independently configured for each CC.     
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