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1 Introduction
In RAN4#75, the way forward [1] for measurement gap enhancement was agreed and the relevant part for multiple RF chain studies is:
	· The benefit and feasibility of per Rx chain or per DL CC based measurement gap configuration can be further studied for UE with multiple Rx chains architecture.
· The configurations include the case where no measurement gap is configured for one or more than one Rx chains. 
· It is FFS how the measurement objects can be configured (e.g. per Rx, or Per DL CC, or per UE)


2 Discussion

In general, the use of multiple RF chains has the potential to provide very good enhancement to the interfrequency measurement performance of CA capable UEs. In principle, UE may either measure multiple measurement objects in parallel in a single measurement gap, or may continue to demodulate some of the serving cell(s) while also making inter-frequency measurements in gaps on other serving cells.
The complication of the work is that many aspects are tightly related to UE architecture and implementation. For example, if a 2DL CA capable UE was configured with gaps on the SCell to measure a certain interfrequency or inter RAT measurement object,  the eNB currently has no information on which bands or sub-bands the SCell RF could operate on, whether there are any baseband restrictions on joint LTE reception and WCDMA measurement,  and so on. Additionally, reconfiguration of the SCell RF may cause glitches to the PCell in a single RFIC architecture, so even though theoretically the RF may support measurement without PCell gap, in practice the PCell glitches should be considered as gaps.
Another aspect is that the UE measurement capabilities may depend on the exact frequencies in use. For example,  depending on the exact operating frequency of the PCell and the frequency to be measured, there may or may not be a harmonic issue which affects the possibility to perform measurement. Thus, any band based capability signalling may still not provide sufficient information to know whether gaps are needed on both PCell and SCell, or on Scell alone, or on PCell alone to measure a certain measurement object. In other words, much finer granularity than band level granularity may be necessary to fully indicate the capabilities.

Observation 1 : Static capability signalling to allow per carrier configuration of measurement gaps is very complicated to design
Until now, our view has been that this problem is too difficult to solve in the remaning time for the release 13 measurement gap study item, and as such we have earlier proposed to maintain the per UE configuration of measurement gaps, but to enhance the requirements by ensuring that UEs are able to measure multiple measurement objects in parallel in each measurement gap. If the measurement configuration corresponds to a CA band combination supported by the UE then there should be no question from an RF perspective that the UE is able to make such a measurement. This is the background for our proposals in [2]
	Proposal 3 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed with improved Nfreq scaling factor due to the multiple RF chains assumed.

Proposal 4 : It is assumed that a UE is able to measure multiple carriers in each measurement gap, provided that the resulting carrier combination is a valid CA band combination, which the UE in question supports.


The benefit of these proposals is that they are relatively simple and could perhaps even be implemented without signalling changes since the Nfreq scaling factor improvement could be specified by RAN4. 

On the other hand, it is also understandable that there is interest in per component carrier (or per RF chain) configuration of measurement gaps. Considering the ongoing work on B5C, it is clear that the per UE measurement gap approach may not be applicable in future when an even larger number of DL CCs would be involved. Since the band combinations for B5C are not a topic for release 13 discussion, it is not really possible to speculate how many independent RF chains are used in B5C work, but at any rate it seems likely that per RF chain configuration of measurement gaps (which somehow needs to be related to gap impacted CCs) seems a probable future direction for the work.
For the reasons mentioned earlier, it seems very complicated to statically indicate the UE capabilities in this regard to allow the eNB to have sufficient knowledge of the UE architecture to make appropriate gap configurations. As an alternative, a more dynamic procedure could be considered, such as that shown in figure 1.
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Figure 1 : Procedure to enable per CC/per RF chain gaps

Clearly, this is a rather UE driven procedure, ie the UE is the entity that determines the suitable gap configuration once it is provided with the measurement configuration. This avoids the need for the eNB to have a detailed understanding of the relevant aspects of UE architecture and implementation. On the other hand, it is likely that different UEs will indicate quite different measurement gap reconfiguration requests. For example, a rather basic implementation could simply indicate in any measurement gap reconfiguration requests that it needs gaps on all CCs, which would defeat the purpose of the additional flexibility. Our assumption is that UE designers have an incentive to indicate only the CC on which gaps are actually needed, since this will improve performance as perceived by the user as well as the system performance.
There are two main elements which are needed in addition to current signalling to enable this mechanism. The first is to extend the RRC signalling for configuration of measurement gaps to indicate to which component carrier(s) the gap pattern applies. For reasons of simplicity it may be better not to have different measurement gap configurations on different component carriers, but rather that each component carrier either follows the gap pattern, or it does not have gaps.
The other element is RRC signalling for a measurement gap reconfiguration request message from the UE to the eNB. This message should include a list of configured component carriers for which the UE needs measurement gaps to be able to make the requested measurements, and the message could optionally also include the scaling factor, Nfreq which will be used by the UE if the requeseted measurement configuration is provided. A UE should request gaps for a component carrier if the measurement configuration will cause glitches on that component carrier, even if the duration of the glitch is shorter than the time needed for measurement.

Overall, static capability signalling for per CC (or per RF chain) measurement gaps seems complicated and hard to define, even though the concept of not having gaps on all CC is attractive and likely to become more important as B5C progresses in 3GPP.
We therefore propose two alternatives related to the release 13 study on measurement gaps

Alt 1 : Proposal 1 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed with improved Nfreq scaling factor due to the multiple RF chains assumed.

Proposal 2 : It is assumed that a UE is able to measure multiple carriers in each measurement gap, provided that the resulting carrier combination is a valid CA band combination, which the UE in question supports.

Alt  2 : Proposal 1 : Introduce per component carrier configuration of measurement gaps in a future work item



Proposal 2 : Introduce measurement gap reconfiguration request signalling from UE to eNB in a future work item, where the UE indicates a list of CC for which gaps are needed for the current measurement configuration and also optionally indicates Nfreq that would be used if the reconfiguration is completed.

Under the second alternative, the UE takes care of the mapping from RF chains (which are a UE implementation issue) to component carriers where gaps are needed.  One benefit of alt-2 is that interRAT measurements can be handled by exactly the same mechanism. For alt-1, if proposal 1 is to be extended to interRAT measurements (which in theory is possible) then some capability signalling may be needed to indicate whether a UE can make WCDMA/GSM/CDMA2000 etc measurements while it is receiving LTE serving cell(s). Moreover, although the same frequency bands are defined for WCDMA, the applicability to GSM and CDMA2000 is less clear, and even for WCDMA measuring a 5MHz WCDMA carrier might not be exactly the same as considering a 5MHZ LTE carrier as supported in the bandwidth combination set. For this reason, we have restricted alt-1 to interfrequency measurements, although theoretically it may also cover interRAT measurement.

In view of the remaining time in the measurement gap study, we have a slight preference towards the simple approach of alt-1, however we also expect that more comprehensive solutions may need to be introduced in the future.
While RAN4 could also study static capability signalling, our concern for this approach is that the problems are very complicated and UE architecture dependent, so such a discussion may not be fruitful.

3 Conclusions
In this contribution we discuss how to procede with the measurement gap study item objective on use of UE multiple RF chains.  Since the need for measurement gaps is very much dependent on UE architecture and design we observe:
Observation 1 : Static capability signalling to allow per carrier configuration of measurement gaps is very complicated to design

However, it is also acknowleged that a very useful outcome from the study would be to recommend an approach for the use of multiple RF chains. For this, we can foresee two practically viable alternatives.
Alt 1 : Proposal 1 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed with improved Nfreq scaling factor due to the multiple RF chains assumed.

Proposal 2 : It is assumed that a UE is able to measure multiple carriers in each measurement gap, provided that the resulting carrier combination is a valid CA band combination, which the UE in question supports.

Alt  2 : Proposal 1 : Introduce per component carrier configuration of measurement gaps in a future work item



Proposal 2 : Introduce measurement gap reconfiguration request signalling from UE to eNB in a future work item, where the UE indicates a list of CC for which gaps are needed for the current measurement configuration and also optionally indicates Nfreq that would be used if the reconfiguration is completed.

In view of the remaining time in the measurement gap study, we have a slight preference towards the simple approach of alt-1, however we also expect that more comprehensive solutions may need to be introduced in the future.
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