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1 Introduction
In this contribution we consider the following objective from the measurement gap enhancement work item [1].
	· Specify per-CC based measurement gap configurations

· Define per-CC based measurement gap configurations and requirements for monitoring of multiple layers using gaps depending on UE measurement capability (RAN4)

· Define the following requirements of monitoring of multiple layers using gaps including Rel-12 IncMon

· E-UTRAN Inter-frequency measurement requirements

· E-UTRAN inter-frequency OTDOA measurement requirements

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities

· Consider per CC/RF chain based UE measurement gaps capabilities
· It is noted that the impact on UE implementation complexity should be considered.
· Define the necessary signalling to enable the configuration of per CC measurements gaps (RAN2)




2 Discussion

The main initial task in this objective of the work item is to better understand the UE architectures for measuring, so that measurement capability signalling can be defined. There was discussion on the mapping between component carriers and RF chains during the SI phase which was not concluded, and this appears to be a non-trivial task, especially as it should not be limiting to UE implementations. In this contribution, we do not make firm proposals on the signalling since we think that is a later step once the architecture for measurement is understood.

In the end, there seem to be two main questions which need to be addressed

· Q1 : Which serving cell(s) need gaps to measure a particular set of inter-frequency carriers

· Q2 : When there is a gap which allows at least one RF chain to make measurements, which combinations of carriers (or how many carriers) will be measured in each gap

The answer to the first question is needed so that the network can correctly configure the per CC measurement gaps. The answer to the second question is needed to understand the resulting performance once a certain gap configuration is configured and relates to parallel measurements. 
Related to parallel measurements, our view is that CA capable UEs should in theory be capable of measuring more carriers in parallel than non-CA UEs. Since interfreqency measurement delays may not be tolerable even with 7 interfrequency measurement objects, and certainly become more problematic with incmon, a very valuable outcome of the work item would be for the eNB to be aware that some UEs are able to measure multiple frequencies in parallel in the gaps, and hence these UEs could be configured with more measurement objects than UEs which cannot measure in parallel. 

Since interruptions and gaps are related topics, the following conclusion was reached in the study item “Network controlled small gap (NCSG) can be introduced when per CC measurement gap configurations are configured to reduce the Ack/Nack missing rate due to PCell/SCell/PSCell interruption.”. Therefore a 3rd question may also need to be answered
· Q3 : When there is a gap on a CC which allows at least one RF chain to make measurements, which other CCs need NCSG to avoid ACK/NACK missing

The need for gaps on various CC depends on both RF and baseband design in the UE, as well as the configured CA combination and measurement combination. Moreover there may be multiple options to configure gaps – a simple example if a UE has 2 RF chains configured for 2DL interband CA, it may be that gaps on either CC could allow measurements to be made for a certain measurement object. Then it would be a network implementation choice whether to put the gaps on the PCell or SCell.  Feedback from UE vendors for the architecture discussion is necessary, and we make the following initial observations.

· Inter-band measurement : In principle, interband CA is typically implemented with an RF chain for each band, so the number of RF chains which a certain UE has is likely to be equivalent to the number of downlink bands it supports in its maximal CA configuration. Then each RF chain is, in principle capable of receiving certain bands and if the network was aware of this information, (and which RF chain is in use for reception of each serving cell) it could correctly configure per CC measurement gaps. However, as has been discussed previously in work on interruptions, in a single chip architecture, changing the frequency of one RF chain may have impact on another RF chain. We expect that local oscillator (LO) pulling and other effects are also relevant here and it needs to be understood the extent to which different RF chains can be treated as independent. Another aspect which needs to be considered is spurious response. For example, retuning an RF chain to operate on a certain frequency may cause a spurious response on another RF chain which would in practice cause a gap on a CC that was not supposed to have gaps. In this case, it would be better that the network configured gaps on both CCs so that it avoided scheduling the UE during that time.
· Intra-band measurements : It is unlikely that the RF chain being used to receive the serving cell can make measurements on the same band without gaps, since at very least the bandwidth would need to be modified for the measurement, which implies an interruption. However, it is fully possible that some UE implementations use multiple RF chains for intra-band CA, so the signalling design should probably not exclude the possibility. In addition, there are other technical issues to consider, for example in the study item phase[2] it was identified that From an RF point of view, there could be some issues with inter-modulation products causing desensitization and inaccurate measurements.
In this contribution we do not make a definite proposal for signalling design (we have made proposals in the SI phase), but we think that the design would be a trade-off between allowing enough flexibility that per CC measurement and parallel measurement can be indicated, without making the signalling so complex that it becomes unfeasibly large. In this context we should keep in mind that work on B5C has already started, and RAN2 already had questions related to the complexity of the measurements without gaps signalling. At any rate, it was already agreed in the study item phase [2]that Whether UE should report capabilities on per CC based measurement gaps is under network control.

3 Conclusions

In this contribution, we discuss the objective of the work item on gap enhancement related to use of multiple RF chains. We identify 3 questions that need to be addressed by the signalling design to allow the correct gap configuration and performance to be derived
· Q1 : Which serving cell(s) need gaps to measure a particular set of inter-frequency carriers

· Q2 : When there is a gap which allows at least one RF chain to make measurements, which combinations of carriers (or how many carriers) will be measured in each gap

· Q3 : When there is a gap on a CC which allows at least one RF chain to make measurements, which other CCs need NCSG (or legacy 6ms gap) to avoid ACK/NACK missing

We think that RAN4 should discuss UE architecture issues, focussing particularly on interband CA configurations which are more likely to use multiple RF chains, but not excluding intraband CA. We think that the design would be a trade-off between allowing enough flexibility that per CC measurement and parallel measurement can be indicated, without making the signalling so complex that it becomes unfeasibly large.
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