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1 Introduction
IncMon discussion has been ongoing in RAN4 for several meetings with good progress. In RAN4#72 the WF [3] was agreed except the last page addressing the use of default numbers.

In this paper we consider in more detail how we should take legacy UEs into account when designing signalling details of this feature.
2 Discussion
In [3] there was proposal for way forward on how to handle IncMon topic – In the way forward there was also proposal to define “default” configuration with following options:

1. All carriers are considered to belong to normal performance group
2. Assignment performed according to Position in neighbour list / MeasObjectId in the measObjectList. First carriers up to the legacy number have normal performance, remainder are reduced

This default configuration was then to be applied by the UE in case of “missing configuration information” from the network. Hence, this ‘missing configuration information’ seems to refer to the following cases:
1) Network signals more carriers than the legacy requirements require the UE to measure (either via RRC signalling or via SIB)

2) Only legacy signalling is present, i.e. no IncMon-specific information

For such a scenario, it is easy to see that there is a difference between RRC_IDLE vs. RRC_CONNECTED UEs, as well as legacy UEs vs. IncMon UEs.

Table 1. UE behaviour when network signals more carriers than the legacy minimum requirements indicate but not any IncMon-specific signalling
	UE behavior 
	Legacy UE
	IncMon UE

	RRC_IDLE
	Unspecified behaviour
	TBD 

	RRC_CONNECTED
	Unspecified behaviour
	TBD 


As can be see, both for RRC_IDLE and RRC_CONNECTED, the behavior of all legacy UEs would be unspecified. For IncMon UEs in RRC_IDLE and RRC_CONNECTED, the same applies but for RRC_CONNECTED the network would have knowledge of the UE capabilities. Hence, the question is whether it can be expected that the UE behavior would always be different in RRC_CONNECTED for IncMon UEs, or whether the UE behavior should be network-activated.
Observation 1: The use case for the “default configuration” case is unclear and needs to be clarified.

Observation 2: It should be discussed whether the IncMon behavior is network-activated, i.e. whether a UE in RRC_CONNECTED always applies the IncMon behavior.
Before considering the use of default configuration further, we would like to summarize how existing UEs work, according to the UE measurement capability as defined in 36.133 chapter 4.2.2.9, in case a UE is configured with more carriers than what the UE is required to support?. 

We first focus on Idle mode in this paper followed by short discussion on Connected mode. Additionally, we briefly consider the UE capabilities for the IncMon – however, we think the capability issue should be better concluded in RAN2.
Legacy UEs and increased number of carriers to monitor
Idle Mode:
Currently, if SI received by UE in RRC_IDLE includes more carriers than the UE is required to be able to monitor according to the requirements in 36.133, the UE behavior in LTE is undefined - as is also captured in the description of VarMeasConfig in section 7.1 of RRC specification 36.331 in the CR [4]. In UTRA, the UE behavior would such that UE would monitor carriers in the order of listing and omit monitoring those that exceed UE capability.
It can also be argued that the situation where UE would be requested to measure more carriers than is supported already exists, which is true but was a conscious design decision done earlier to have a minimum capability but allow UEs to be able to handle more than that. However, by introduction of IncMon the number of additional carriers to monitor beyond what a legacy device is required to handle increases significantly, so it can be expected that use of more carriers than what legacy devices is required to handle will increase (compared to todays ‘overbooking’ of carriers). 

This leads to the conclusion that reusing the existing list of carriers in SI would make the legacy UE behavior unspecified - which seems to be highly undesirable. Hence, the option 2 for LTE should not be considered further, and indeed, the current RAN2 baseline CR [4] takes the approach that the reduced performance group carriers are signalled separately from the legacy carrier information.

In UTRA, this would not be such a big problem but it would of course be good to have aligned behavior between UTRA and LTE especially for IDLE mode - this has been RAN2 way of working ever since REL8.

In order to avoid any legacy issues, the IncMon signalling should be defined so that legacy UE behaviour is predictable. This basically means that IncMon signalling should be designed in such a way that legacy UEs are not signalled more carriers than they are able to monitor. This likely means that IncMon signalling needs to be done in such a way that UEs not supporting IncMon are impacted as little as possible. As this is highly related to actual signalling details we believe this should be left for RAN2 discussions and it seems RAN2 has already taken the approach – see [4]. However, if seen necessary RAN4 could send LS to RAN2 explaining the issue if needed.
Proposal 1: RAN4 should wait for RAN2 on the signalling details before defining any rules concerning UE basic IncMon behaviour in RRC_IDLE.

Connected Mode:

Currently, if UE in RRC_CONNECTED is configured with more carriers than the UE is required to be able to monitor according to the requirements in 36.133, the UE behavior in LTE is undefined - as is also captured in the description of VarMeasConfig in section 7.1 of RRC specification 36.331 in the CR [4]. In UTRA, the UE behavior would such that UE would monitor carriers in the order of listing and omit monitoring those that exceed UE capability
The big difference between the Connected mode and the Idle mode is that in Connected mode it is expected that the network is aware of the UEs capability related to IncMon – i.e. the network is aware whether the UE is capable of handling monitoring of an increased number of carriers and will therefore only configure UEs supporting IncMon accordingly. Therefore, the situation is different from RRC_IDLE.

Proposal 2: The basic IncMon behavior in Connected mode can be defined assuming networks has UE knowledge whether it supports IncMon.

However, the decisions on UE capabilities have not yet been done in RAN2, and RAN4 input would be useful. In general, UE capabilities are only known by the eNB for UEs in RRC_CONNECTED, and for those UEs the network can (and will) anyway signal everything in dedicated signalling. Since the network has information whether a given UE supports the IncMon feature, the network will configure IncMon only for UEs supporting IncMon. Additionally the network could configure supporting UEs with the IncMon parameters (besides the additional carriers) when the network want the UE to monitor more carriers than currently possible. Hence, we do not see a clear need for a “default behaviour” for connected mode.
Proposal 3: RAN4 to discuss and decide on what kind of UE capabilities are needed for IncMon, and send LS RAN2 of the decisions.
On the ’Default’ behaviour’ for IncMon
Terminology of “default” behaviour:
In RAN4 the discussion has been on “default” configuration and UE capabilities for “default” behaviour.  The meaning of the default should first be made clear before deciding on anything.

First, one should be careful what one means with “default”, since e.g. in ASN.1 the word “DEFAULT” has a special meaning and this could lead to undesired misunderstandings between WGs. Assuming that “default” is supposed to limit UE testing complexity so that only subset of different performance combinations are required for UE only supporting “default” configuration, it is proposed to rename “default configuration” to (e.g.) “minimal IncMon configuration”.
Proposal 4a: Do not use “default configuration” as a term for basic IncMon functionality.

Proposal 4b: If a UE capability for supporting only a subset of possible IncMon configurations is required, the UE behaviour corresponding to the capability is called “minimal IncMon” UE behaviour. 

Then how the actual signalling is done should be solely discussed in RAN2 i.e. does it make sense from ASN.1 point of view to have DEFAULT values or not. What RAN4 should decide is only what the capability should mean, and inform RAN2 of the decisions. The signalling details can be left up to RAN2 to define.
Proposal 5: The ASN.1 details of IncMon should only be discussed in RAN2.
Need for “default” behaviour:
Finally, it should be clarified whether there is a need for the minimal IncMon capability. The arguments supporting this have been:

1) Only one scaling factors is needed in most deployments, and IOT would be available faster for such a case

2) UE complexity is higher if it has to implement all possible scaling factors, compared to having to implement just one
3) Defining the minimal IncMon capability could allow signalling overhead reduction

However, it is not clear whether any of these arguments are valid, as there are simple counter-arguments for each:

1) RAN4 is currently anyway discussing only two scaling factors for connected mdoe. Thus,the proposal would be whether the UE supports a specified scaling factor value or not

2) Since only two scaling factors for connected mode are discussed, it is not clear where the complexity would be. So far there have been no clear technical arguments about this.

3) The case for which signalling overhead reduction would only be applicable is unclear – see beginning of chapter 2 for our understanding on this. More clarifications would be needed.
However, we do acknowledge that it is possible that a capability would be required, but the first thing would be to clarify what the capability would mean in practice. Therefore, we suggest RAN4 to discuss the use case, then the technical arguments, and then decide on which UE capabilities are needed for IncMon.

Proposal 6: RAN4 to discuss and decide which UE capabilities are needed for IncMon. Once the decision is done, LS should be sent to RAN2.
3 Conclusions

This contribution we have discussed some of the remaining issues concerning IncMon. We have discussed the use and need for so-called default behaviour in idle and connected mode.
Proposal 1: RAN4 should wait for RAN2 on the signalling details before defining any rules concerning UE basic IncMon behaviour in RRC_IDLE.

Proposal 2: The basic IncMon behavior in Connected mode can be defined assuming networks has UE knowledge whether it supports IncMon.

Proposal 3: RAN4 to discuss and decide on what kind of UE capabilities are needed for IncMon, and send LS RAN2 of the decisions.

Proposal 4a: Do not use “default configuration” as a term for basic IncMon functionality.

Proposal 4b: If a UE capability for supporting only a subset of possible IncMon configurations is required, the UE behaviour corresponding to the capability is called “minimal IncMon” UE behaviour. 

Proposal 5: The ASN.1 details of IncMon should only be discussed in RAN2.

Proposal 6: RAN4 to discuss and decide which UE capabilities are needed for IncMon. Once the decision is done, LS should be sent to RAN2.
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