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1 Introduction
In RAN#67, a new study was approved on measurement gaps[1]. The objectives of the study are:
	The objectives of RAN4 WG are to study the feasibility of measurement gap enhancements for the inter-frequency and inter-RAT cell identification and measurement and the possible network controlled PCell/SCell interruption due to single chip RF-IC implementation. Specifically, enhancement in following aspects can be pursued:

· Evaluate the design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern
· Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

· Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption
The above objectives should be evaluated based on:

· UE performance aspects such as measurement accuracy, delay, UE power consumption, UE implementation complexity etc. 
· System performance aspects such as impact on scheduling, system throughput, signaling complexity etc.

· UE architectural aspects such as single RF-IC implementation (wherever applicable).



2 Discussion

At top level, two fundamental objectives of the SI can be identified
1. Study the feasibility of measurement gap enhancements for the inter-frequency and inter-RAT cell identification and measurement

2. Study the possible network controlled PCell/SCell interruption due to single chip RF-IC implementation
The remainer of the SI objectives provides more specific areas which could be considered to achieve these top level objectives, and also lists evaluation criteria which may be used to determine the effectiveness of a potential enhancement. There are 3 areas which are indicated in the study item description, which we number for convenience:
1. Evaluate the design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern
2. Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

3. Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption
The remaining text gives details of some evaluation criteria that are planned to be used to evaluate the enhancements in different areas.
Considering these areas one by one

1. Design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern

In WCDMA, compressed mode gap patterns are signalled using a flexible set of paramters in which gap length and gap periodicity can be indicated explicitly, as well as gaps being assigned a dedicated purpose eg interfrequency measurement, E-UTRA measurement etc.
It should be emphasised that in practice only a few WCDMA compressed mode patterns and combinations of patterns are used. One reason is that careful interoperability testing would need to be performed before a gap pattern is taken into use, both to ensure that there are no problems in maintaining the connection to the serving cell when the new pattern is used, and also to verify that the measurements are performed in the expected way. Our view is that this lesson should not be forgotten when considering flexible gap patterns for LTE; although it may seem attractive to design signalling which allows flexible gap configuration the reality is that this signalling is not able to be used flexibily and each used configuration takes very considerable IOT effort among all interested parties.
Since release 8, two measurement gap patterns have been specified; gap pattern ID 0 with a 6ms gap every 40ms and gap pattern ID 1 with a 6ms gap every 80ms. Based on experience from WCDMA, we do not think that fully flexible gap patterns should be introduced for LTE. Instead, 3GPP should discuss the use cases and expected performance which is not covered by an existing gap pattern, and conclude on the characteristics of an additional pattern which would support the new use case or necessary measurement performance. The standardisation effort necessary to define measurement requirements for a fully flexible gap pattern would be very substantial, and likely it would be necessary to perform simulations of cell detection and measurement accuracy over a range of possible gap patterns, as well as carefully specifying side conditions in which gap based requirements do not apply. So we think that it would be better to focus the discussion on use cases for new measurement gap patterns, and if in future it is seen beneficial to introduce some new gap patterns, this can be done by extending the range of gap pattern ID, and specifying the new pattern(s) in 36.133.
Proposal 1 : Fully flexible gap patterns are not introduced for LTE

Proposal 2 : The use cases and expected performance for any new candidate gap patterns are discussed as the starting point
Considering use cases for new gap patterns, there could be a number of motivations, for example
· Introducing gap patterns which allow for reduced UE power consumption, especially in DRX, for cases where measuremement performance is not critical

· Introducing gap patterns which are primarily intended for network controlled interruption in carrier aggregation (which is explicitly mentioned as an objective in the SID)
· Introducing denser gap patterns to allow improved interfrequency/interRAT measurement performance, especially if a large number of carriers are configured.

For reduced UE power consumption, for offload measurements, this was discussed earlier by RAN4 within the context of the LTE Hetnet work item in release 12. RAN4 did not reach any conclusion, and the discussion was mainly about whether the existing gap patterns could be reused for reduced performance measurements (leading to unused gaps) or if a new pattern should be specified.

Since the discussions took place on LTE hetnet, RAN4 has completed the core work item on increased carrier monitoring. In Incmon, reduced performance requirements are specified but it is also expected that the UE is configured with some carriers that belong to the normal performance group, ie having no NPG carrier and only RPG carriers is not a valid configuration under incmon. Nevertheless, the use case for RPG carriers is for offload or other handover which is less time critical, and as such it could be considered if it would be beneficial to allow for measurement configurations with only RPG carriers in future. In this case, since the studies taking place are about measurement gaps, RAN4 could study the appropriate measurement gap pattern, considering all the evaluation criteria given in the SID [1].

Proposal 3 : RAN4 evaluates suitable gap patterns for measuring only reduced performance group carriers. 
Allowing for improved measurement performance is another possible use case for new measurement gap patterns. The challenge here is that the gap density is already quite high with the existing 40ms gap pattern (6/40=15%) and it should also be noted that measurement gaps affect both the uplink and downlink, so they have a considerable influence eg to HARQ feedback, thus affecting subframes that are not in the gap itself. Therefore we are not convinced that gap patterns with higher density than those already specified will prove to be useful, although we are open to evaluating proposals. 

Regarding possible gap patterns for network control of CA interruptions, this is an important area and is explicilty covered by another objective in the SID which we discuss later in  this contribution.
2. Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

For this objective, our understanding is that the principle idea is to exploit the CA capable UE’s ability to make multiple measurements due to the multiple RF chains which it has available for performing eg interband carrier aggregation reception. The SID mentions as an example, per CC assignment of measurement gaps, rather than the current scheme which is per UE. In our view, a per component carrier assignment of measurement gap may prove to be problematic, but nevertheless, it should be possible to exploit the multiple RF chains in a typical UE architecture with per UE assignment of measurement gaps.

One main problem with per CC assignment of measurement gaps is tha the network does not know the UE architecture and the capabilities of the RF front end. Assume that the UE is performing carrier aggregation of Pcell on band X and Scell on Y, and it is desired to perform measurements on band Z. In this case, the network does not know whether gaps are needed on the PCell or the SCell to free up the RF chain that is capable of measuring band Z. Another aspect is that if the single chip architecture is used, the reconfiguration or retuning of one RF chain for measurements will likely cause interruption to to the other RF chain, which defeats the purpose of having per CC measurement gaps if there are interruptions on the other CC(s). 
On the other hand, it would be important and beneficial to specify requirements for CA UEs which exploit the improved RF and hardware capabilities compared with single carrier UEs. One way this could be achieved is by configuring per UE measurement gaps (as currently done) but then assuming that a UE is able to measure multiple carriers in each measurement gap. In principle the UE should be able to do this if the resulting combination of carriers being measured in the measurement gap is a valid CA band combination which is supported by the UE in question.  One major benefit of this approach is that it does not seem to need any changes to the signalling to configure measurement gaps and the main impact from a specification point of view would be to the definition of Nfreq in 36.133. The practical improvement in performance could be substantial, ie a 2-fold improvement in measurement delay for a 2DL capable CA UE. The additionl UE complexity would also seem to be very small, because it is expected that the UE already has multiple RF chains, and from a baseband perspective it is also expected that the UE is already able to measure multiple intrafrequency carriers without gaps, so already has improved baseband searcher capabilies compared with a single carrier UE.
Proposal 4 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed

Proposal 5 : 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.

It should be noted that we have not considered interRAT measurements under this proposal. This is because, strictly, these would not constitute CA band combinations. To give an example, a UE may support CA_1-8 but we do not propose to assume that it could make UMTS measurements on 2100MHz band or GSM measurements on 900MHz concurrently with LTE measurements on the other band. One reason is that the UE is likely to change ADC sampling rate, and there may be architectural restrictions or impacts caused by that to the LTE measurement of the other carrier.

We would like to clarify that although we make a per UE proposal, we are not against the principle of per CC measurement gaps if the previously mentioned technical issues can be addressed. For instance, a per CC gap may be useful for interfrequency measurements on the same band as the interrupted CC, provided that interruption issues can be addressed in such a way that does not lead to a very similar performance to per UE measurement gaps.
3. Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption

This has been discussed previously in RAN4 (for example in [2]), and one possibility would be to design a small gap pattern which allows for interruption just before, and just after the UE performs measurement of a deactivated SCell. There are a number of questions which would need to be addressed in the study, for example

· How such a small gap pattern would work for different deactivated SCell measurement cycles especially the 256ms measurement cycle which is not a multiple of a typical periodicity that has bene used for measurement gaps?
· How the UE can be configured to perform interfrequency and interRAT measurements at the same time as network contolled interruption is used?
· How intraband CA interruptions are handled under the small gap pattern, noting that RAN4 has specified that up to 5ms interruption may be needed to reconfigure the UE receiver bandwidth for intraband CA?
Regarding these points, we think that RAN4 may discuss a suitable small gap pattern under this study, and different deactivated SCell measurement cycles should be considered as a part of the design work. Another aspect which should be considered is interruptions for dual connectivity. Especially for asynchronous dual connectivity scenarios, the small gap pattern may need to be extended compared with that which would be needed for carrier aggregation.

In addition, to ensure that interfrequency and interRAT measurements can be performed and to ensure that longer interruptions assoctiated with intraband CA can be handled under network control, it should also be an option to use the existing 6ms gaps for network controlled PCell/SCell interruption.

Proposal 6 : Further work on small gap pattern design considers different deactivated SCell measurement cycles and dual connectivity asynchronous scenarios
Proposal 7 : In addition to any small gap pattern, it is also an option under eNB control to configure 6ms gaps to avoid interruption
Under proposal 7, the eNB may configure 6ms measurement gaps to avoid autonomous interruption and perform interfrequency/interRAT measurements in parallel, or may use a 6ms pattern for intraband CA without autonomous interruption.
3 Conclusions

In this paper, we discuss the objectives for measurement gap studies. In the study item description there are 3 main objectives, as well as evaluation criteria for evaluating the objectives. Regading each objective we propose to proceed as follows
1. Evaluate the design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern
Proposal 1 : Fully flexible gap patterns are not introduced for LTE

Proposal 2 : The use cases and expected performance for any new candidate gap patterns are discussed as the starting point

Proposal 3 : RAN4 evaluates suitable gap patterns for measuring only reduced performance group carriers. 
2. Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

Proposal 4 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed

Proposal 5 : 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.

3. Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption
Proposal 6 : Further work on small gap pattern design considers different deactivated SCell measurement cycles and dual connectivity asynchronous scenarios
Proposal 7 : In addition to any small gap pattern, it is also an option under eNB control to configure 6ms gaps to avoid interruption
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