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1 Introduction
In this contribution we discuss scenarios where it may be beneficial to go beyond the number of interfrequency carriers which was introduced for incmon in release 12, as a motivation for starting a possible work item on enhanced incmon. 
2 Discussion

Motivation for enhancing the number of frequencies to be monitored

RAN4 specifications in release 12 introduced the incmon, with the following minimum requirements (depending on capabilities)
In 36.133 (when UE is served by an E-UTRA network)

· 8 EUTRA FDD carriers 

· 8 EUTRA TDD carriers

· 6 UTRA FDD carriers 

· 7 UTRA TDD carriers

· Total of at least 12 inter frequency + inter RAT layers, in addition to serving cell layer(s).

In 25.133 (when UE is served by an UTRA FDD network)

· 5 UTRA FDD carriers

· 8 EUTRA FDD carriers 

· 8 EUTRA TDD carriers

· Total of at least 12 inter frequency layers+ inter RAT, in addition to serving cell layer(s).

One scenario which motivates monitoring of a large number of carriers is shown in figure 1. Outdoor coverage is provided by operator A (red) and operator B (blue). For outdoor coverage both operators use licenced spectrum and thus will operate their networks on different frequencies and bands. Potentially both operators have deployed multiple outdoor carriers. Indoor networks are also deployed by both operators, but they have agreed RAN sharing for the indoor coverage, such that the in building coverage is provided by either operator A or operator B but not both. The indoor coverage may either be provided on the operator’s licenced spectrum, or on an unlicensed band e.g. using LAA on band 46.
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Figure 1 : Scenario in which indoor coverage provision is shared between operator A (red) and operator B(blue)
One reason for such a deployment is to avoid duplicating the network infrastructure inside each building for all the operators.  For example, if there are cells on each floor of the building then it is typical that a multi-operator deployment within the building would need separate cabling to each floor for each operator. Considering the number of users within the building it may not be economically feasible or practical to provide this infrastructure, especially if there are even more than two operators as depicted in figure 1.
By sharing the indoor part of the radio access network, it should be possible for both operators to provide seamless connectivity (e.g. voice call or other real time service) as users move from outdoor to indoor coverage and vice versa. Both operators can benefit from improved user experience from the deployment of indoor cells without incurring the full cost of installing infrastructure in every building, while maintaining separate outdoor networks. In practice, even more than 2 operators could be involved in the arrangement, however this is used as an example case to illustrate the issue.
For handovers from indoor to outdoor, in principle it is known whether a UE’s operator is operator A or operator B, and hence it can be provisioned with a suitable neighbour list. However, for the handover from outdoor coverage to indoor coverage, it is unknown whether a  UE on operator A’s outdoor network will perform handover to operator A’s indoor network on operator A’s spectrum, or operator B’s indoor network on operator B’s spectrum. Similar considerations apply to a UE on operator B’s outdoor network.
This means that outdoor UEs need to be provisioned with

1. Frequencies used in the operator’s outdoor network

2. Frequencies used in the operator’s indoor network

3. Frequencies used in other operator’s indoor network(s).

Incmon capabilities in release 12 were largely planned by considering current and future needs for 1 and 2. However, the 3rd item may result in a significant further increase in the number of frequencies used, especially as it relates to frequencies on a different operator’s network and it may be more difficult to do very detailed network planning related to mobility between the two networks. For example, if operator A already deploys 6 carrier frequencies in their own network then, assuming a release 12 incmon UE, operator B must provide indoor coverage on the two remaining inter-frequencies that the UE is able to monitor. If operator B would like to use different indoor frequencies in different areas then they would need to inform this to operator A who would then need to indicate different inter-frequency neighbour lists in different parts of their outdoor network according to operator B’s indoor coverage planning; the same consideration clearly applies in the opposite direction as well, and operator B may need to indicate different inter-frequency neighbour list in different parts of their outdoor network according to operator A’s indoor coverage planning.
It should be noted that the combination of cellular UMTS/LTE + Wi-Fi already allows this kind of capability. Devices are readily available which use UMTS or LTE for data outdoors, and switch or offload traffic to Wi-Fi (potentially also provided by the mobile operator) when indoors. 3GPP has worked on Wi-Fi offloading to improve the handling of such scenarios. As LAA coverage (or indeed licensed coverage) would offer benefit in terms of more seamless mobility (e.g. voice handover) it would be beneficial to consider increasing the number of frequencies to be monitored. We would propose the following
Proposal 1 : A work item for eINCMON targets the following updates:
E-UTRA interfrequency carriers : 16 (Note : Current RAN4 specifications allow for 8 FDD + 8 TDD, however the proposal here is to allow 16 E-UTRA carriers that may be any mixture of FDD, TDD or FS3)

UTRA FDD interfrequency carriers : 8 (Note : Current RAN4 specification allow for 5 FDD interfrequency UTRA carriers, or 6 interRAT UTRA carriers)

Total layers : At least 20 interfrequency+interRAT (Note : Current RAN4 specifications allow for 12 interfrequency+interRAT layers)
Our understanding is that mostly, these numbers could be supported by existing RAN2 signalling. One limitation in UMTS (25.331) is that the number of E-UTRA interRAT frequencies is limited to 8 so this may need to be addressed. However, the intention is to reuse the basic framework for incmon in RAN2 and to minimise the work needed by RAN2 to extend incmon.

Performance requirements enhancing the number of frequencies to be monitored

Already with incmon, cell identification and measurement reporting delays may become quite long (especially for the reduced performance group) because the total delays are scaled by the number of frequencies in the relevant performance group. If the number of frequencies increases further, delays will become even longer following the same approach.
Our observation is that UEs are becoming increasingly capable from a hardware perspective. Carrier aggregation UE with multiple RF chains are likely to be commonplace in future, and such designs should, in principle, be able to measure multiple measurement objects simultaneously. The release 13 study item on measurement gap enhancement looked at some ways to exploit UE with multiple RF chains, and it was concluded 

	Based on extensive study and discussion, it is beneficial and feasible to introduce per component carrier configuration of measurement gaps in the potential WI. The following agreements [11,28,42] have been reached:

-
In the per CC based measurement gap configuration, MGRP can be configured independently per CC. This includes the case where the measurement gaps are configured for some of CC but not configured for the other CC. 

-
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.

-
Whether UE should report capabilities on per CC based measurement gaps is under network control. 

The detailed configurations can be discussed and decided in the related WI.


While the study is focussed more on per CC configuration of measurement gaps, even with the legacy measurement gap configuration (per UE measurement gaps) it would still be possible for a UE with multiple RF chains to measure on multiple frequencies in one measurement gap.

While such parallel measurements themselves may imply more UE power consumption (if the UE is not configured for carrier aggregation), one thing to emphasise is that it is the overall energy consumption of measurements that is important. Typically the network will not leave measurement gaps running continuously, so if measurement results are available more quickly the gaps can be stopped sooner and energy may even be saved compared with measuring different measurement objects in a sequential manner.

Proposal 2 : A work item for eINCMON considers different Nfreq scaling factors for CA capable UEs in requirements
This may overlap to some extent with a potential work item in release 14 on measurement gap enhancement, however we would emphasise here that the intention is not to define new measurement gap patterns, but rather to use existing gap patterns in a more efficient way. The CA capabilities of a UE are already known (and signalled) so it could potentially be assumed in the definition of Nfreq for eINCMON that any CA combination supported by the UE also implies that the UE is able to measure those frequencies in parallel (i.e. in the same measurement gap).
3 Conclusions
In this contribution, we present motivations for enhancement of increased UE carrier monitoring in release 14. Based on this, we intend to propose a work item in RAN#71, and welcome feedback

Proposal 1 : A work item for eINCMON targets the following updates:
E-UTRA interfrequency carriers : 16 (Note : Current RAN4 specifications allow for 8 FDD + 8 TDD, however the proposal here is to allow 16 E-UTRA carriers that may be any mixture of FDD, TDD or FS3)

UTRA FDD interfrequency carriers : 8 (Note : Current RAN4 specification allow for 5 FDD interfrequency UTRA carriers, or 6 interRAT UTRA carriers)

Total layers : At least 20 interfrequency+interRAT (Note : Current RAN4 specifications allow for 12 interfrequency+interRAT layers)
Proposal 2 : A work item for eINCMON considers different Nfreq scaling factors for CA capable UEs in requirements
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