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Introduction
RAN 4 had asked RAN 2 in LS# R4-167024 to assess the signalling required for the agreed and proposed components of measurement gap enhancement feature. This includes 
· reduction in size of measurement gaps
· per component carrier measurements
· network controlled measurement gaps. 
This contribution assessed potential solutions for the network controlled measurement gaps feature.
[bookmark: _Ref178064866]Discussion
Measurement gaps for interruption control
The concept of per component carrier measurement gaps is based is based on utilizing multiple RF chains on UE which should be completely isolated from each other. In that case, each RF chain can perform measurements or handle traffic independent of each other. 
In current UE architectures, the RF chains are not completely independent and measurements on unused RF chains might interrupt the traffic on active RF chains. Currently, UE’s perform autonomous interruptions on active carriers while measuring on non-active carriers, thus causing non optimum utilization of scheduling resources.  RAN4 had introduced the concept of network controlled gaps to control these autonomous interruptions with the introduction of per component carrier measurements. 

In current UE architectures, the RF chains are not completely independent and measurements on unused RF chains might interrupt the traffic on active RF chains.  

Network controlled gaps refer to gaps on active carriers that are affected by measurements on other UE RF chains due to UE architecture limitations. Measurement gaps for interruption control is mainly meant to avoid the autonomous interruptions which UEs may currently make in certain scenarios. RAN4 has identified 3 scenarios where a measurement gap pattern for interrupt control would be beneficial, avoiding UEs from making autonomous interruptions. In addition, both NCSG (network controlled short gap, a new gap pattern) and legacy 6ms gaps are suitable for interruption control. The agreements and use cases are [1]:

Use case #1: Enable measurement on unused RF chains with interruption controlled on activated CC
Use case #2: Enable per-CC measurement gap configuration with interruption controlled
Use case #3: Eliminate/reduce interruption rate due to deactivated SCell measurement
The standard gap length is 6 msec and the network would use it to configure network controlled gaps on active carrier affected by measurements on neighbour RF chains. RAN 4 is working on introducing a new gap pattern called network controlled short gaps which consists of an on off pattern gap. 

The summary of RAN4’s agreements on per-CC based measurement gaps are given below [1]
· NCSG configurations for legacy gap for single carrier, CA and synchronous DC
· VIL-ML-VIL: 1ms-4ms-1ms (DL) and 1ms-4ms-2ms(UL)
· VIRP: 40ms and 80ms
· NCSG configurations for other scenarios (e.g. async. DC) are FFS
· NCSG configurations for short MGL are FFS
The RAN4 agreement would require a new gap patterns for network controlled short gaps otherwise legacy gap pattern of length 6 msec would be utilized [1]:. 
In the current RAN 4 specs 36.331, there are no gap patterns defined for network controlled short gaps. 

RAN 4 should add new gap pattern for the proposed on-off gap pattern for network controlled short gaps. 

A key reason for Network controlled gaps on active carriers to be beneficial even when the short gap pattern is not supported in the UE is the gain in terms of better scheduling. It would help to save the scheduling resources currently wasted due to autonomous gaps. 
Network controlled gaps on active carriers is beneficial even when the short gap pattern is not supported by the UE. Using network controlled legacy gaps on interrupted carriers, scheduling resources can be conserved which are currently being wasted by autonomous gaps. The scheduler can then utilize these resources for other UE's.

This observation would lead to the proposal of configuring network controlled gaps even with using legacy gap length of 6 msec length as it would lead to better network resource utilization. If RAN4 agrees to introduce new gap patters, it would lead to even more efficiency in terms of resource utilization. 
Introduce RRC signalling support for configuration of network controlled gaps based on both legacy gap length of 6 msec as well as the new proposed short gap pattern of 1-4-1 msec. 	  
A UE should be able to support both or at least one type of network controlled gaps. The network controlled gaps with 6 msec length would help to save the scheduling resources currently wasted due to autonomous gaps and better resource utilization in the network. The network controlled gaps with on-off pattern would provide an enhancement with extra scheduling opportunities.   
A perfect solution to handle interruption on active carriers would involve UE reporting the active carriers that are affected by measurements on specific RF chain. The network would then only enable network controlled gaps on the specific active carriers that are affected by measurements on non-active RF chains. This is only possible if the network is informed by UE about the dependencies between different RF chains on UE side. 
One solution to handle interruption on active carriers would involve UE reporting the active carriers that are affected by measurements on specific RF chain. The network would then only enable network controlled gaps on the specific active carriers that are affected by measurements on non-active RF chains.

Another approach to handle this issue is to configure the UE with network controlled gaps on each active carrier irrespective of the dependencies. This would waste some resources but it is simpler in terms of signalling as no enhancement in UE capability is required. 
In the following sections, we assess the signalling options for both these approaches and evaluate the possible gains in terms of resource optimization and handling the problem of autonomous gap.  From RAN2 signalling point of view, use case 1 and 2 of the interruption control gap pattern could potentially follow the solutions proposed for per component measurement gap configuration in [3] while use case 3 requires more elaborate changes including further input form RAN4. 

Signalling for Use cases pertaining to measurement on unused RF chains with interruption controlled on activated CC & per-CC measurement gap configuration with interruption controlled 
Extension of UE Capabilities based  Solution for per component measurement gap configuration	Comment by Wahaj Arshad: Explanation on solution 2 had been added now. 
Based on observation 4, UE need to signal information about active carriers that are affected by measurements on non-active carriers or on a specific RF chain. In the contribution [3], it was proposed to convey the UE per component carrier measurement capabilities using extension in UE capabilities. The network can then use this information to configure measurement gaps per component carrier. Extension in information contained in IE interFreqNeedForGaps was proposed to carry the per component carrier measurement capabilities. One possibility for UE to inform the network on the need for network controlled gaps on specific RF branches is by extending the IE interFreqNeedForGaps as proposed for per component measurement gap configuration in contribution [3]. There is a need for an extra IE which would specify the RF branch which require a network controlled gap in case a measurement is performed on a specific band, as shown in fig.2

-- ASN1START
FOR ILLUSTRATION


InterFreqBandInfo ::=            SEQUENCE {
  interFreqNeedForGaps    BOOLEAN {
    gapType      normal/short/no gap
    gapCell      band specification
    NetwCtrlGap  band specifcation
}
}

-- ASN1STOP
Fig.1: Proposed modification in IE interFreqNeedForGaps 

NetwCtrlGap is the additional IE proposed to indicate one or more RF branches requiring network controlled gaps in case a measurement is required on a specific band. In case a secondary cell is configured and is in deactivated state, the network can then use this information to configure network controlled gaps, 
introduce a signalling for UE to exchange the RF branch information which would require network controlled gaps. Details are FFS.
The fall back solution to enable network controlled gaps is to enable network controlled gaps on all active carriers by default. This would not be the most efficient solution but it would still prevent the drawbacks of autonomous gaps. 
Introduce a fall back signalling solution to handle the scenario when detailed RF interdependencies between carriers is not available to network. Details for FFS.
One possibility for a fall back solution is to enable network controlled gaps on all active carriers by default. This would not be the most efficient methodology but it would still save network from autonomous gaps from UE side and the network would be able to use these resources more effectively.  
Once the network is informed about affected RF chains based on proposal 3 or if network is utilizing fallback solution proposed in proposal 4, the next step is to configure the network controlled gaps. This solution can basically reuse the modification in MeasGapConfig IE [4] meant for per component carrier measurement feature as shown below in Fig.4 
The only addition required is to support new gap patterns of network controlled short gaps once RAN4 have agreed on it. The network needs to configure NCG on active carriers that are affected by the measurements on specific component carrier chains. So, if we refer to fig.4 below, gapBAND would refer to the active carries that are affected by measurement gaps on measurement carriers and gapOffset would refer to the network controlled gaps configured on the affected carries. Network controlled gaps can either be normal 6 msec gap or a special network controlled short gap pattern if supported by the UE. 
-- ASN1START
FOR ILLUSTRATION



RRC MeasGapConfig ::= CHOICE
release NULL,
   setup SEQUENCE 
[[
gapBAND  BAND inD
gapOffset CHOICE
         gp0 INTEGER (0..39)
		 gp1 INTEGER (0..79)
		….
		 gp2 INTEGER (0..39)
		 gp3 INTEGER (0..79)

}}
-- ASN1STOP
Fig.2: Proposed Modification in IE MeasGapConfig
In case the network is not informed about interruption dependencies between RF branches by UE, the network can still use MeasGapConfig to configure gaps on all active RF chains. The signalling sequence would be as follows: 
1. [bookmark: _GoBack]UE reports the UE capabilities with enhanced IE interFreqNeedForGaps as proposed in Fig.1. These UE capabilities provide the UE RF architecture support for measuring the requested frequency bands on each component carrier. 
2. In a reconfiguration message, network configures the UE with measurement gaps on specific component carriers as indicated by UE capabilities. In the same reconfiguration message, network configures special network controlled gaps (short or long) on the active carriers with no measurement gaps required.
3. In case of network controlled short gaps, network can then schedule data on active carriers during the measurement length (4 msec) period between two Visible Interruption lengths or skip data if long network controlled gaps (6 msec) are configured. 

Introduce signalling for eNB to configure the UE with measurement gaps on specific component carriers as indicated by UE capabilities, together with network controlled gaps (short or long) on either the affected active carriers or all active carriers. 
Enhancement of Option 3&4 combined solution for per component measurement gap configuration would be as follows:
The main enhancement required to support Network controlled gaps would be on the UE side to autonomously configure network controlled gaps on RF chains where UE does not need measurement gaps. In case the UE support Network controlled short gaps, it should report it in the gap proposal to the network using the same IE. 
If configuration of network controlled short gaps on active carriers is not supported by UE, network would assume network controlled long gaps on all active carriers and would skip any scheduling during the gap period. The signalling flow would be as follows:

1. UE reports support for per component measurement gap configuration as well as network controlled short gaps in two different IE of UE capabilities. So, these two capabilities are decoupled. 
2. Network configures the UE with a CA combination along with measurement object in the reconfiguration message without any specification of measurement gaps. In case the network does not support network controlled gaps, it would configure the UE with legacy MeasGapConfig, configuring gaps on all carriers. The use of legacy IE MeasGapConfig would implicitly mean that UE should skip proposing autonomous gaps and follow network gap configurations.  
3. Based on configured CA band and measurement objects in reconfiguration message. UE would respond in reconfiguration complete message with information about the gap requirements for each transceiver chain, specifically for the configured measurement frequencies. The structure of the UE response would be similar to the one proposed in fig.3. 
4. The UE would autonomously start using the proposed measurement gaps on respective transceivers supporting the measurement. Meanwhile, the UE would also configure the interruption control gaps on active carriers with no measurement gaps based on its capabilities. If the UE support network controlled short gaps (NCSG), it would consider NCSG on active carriers otherwise revert back to long gaps of 6 msec.  
5. Network would still have a possibility to overrule UE proposal by another reconfiguration message. This would include reconfiguring measurement gaps on all carriers again or configuring legacy carriers in case short gaps are configured. 

In case of autonomous gaps configuration by UE, UE applies the interruption control gaps on affected active carriers based on its RF capabilities. If the UE support network controlled short gaps (NCSG), it would consider Network controlled short gaps on active carriers otherwise apply normal gaps of 6 msec.  

RAN 2 Signalling for Use cases pertaining to Eliminate/reduce interruption rate due to deactivated secondary Cell measurement
This use case is a bit different from the first two use cases which could be handles with the proposed solutions for per component carrier measurement gap support. The reason for this difference is that no measurement gaps are actually configured for measuring deactivated secondary cells currently as they are considered intra frequency measurements. This is based on the assumption that UE can measure the deactivated secondary cells on its secondary cell capable unused RF chain.
Currently, no measurement gaps are actually configured for measuring deactivated secondary cells as they are considered intra frequency measurements. This is based on the assumption that UE can measure the deactivated secondary cells on its secondary cell capable unused RF chain.
In reality, when a secondary cell measurement is performed on the unused RF chain, it effects the primary cells because UE introduces autonomous gaps due to limitation in the transceivers structures. In this use case, RAN 4 intends to handle the interruption on primary cell due to secondary cell measurements using network controlled gaps on primary cell to avoid the effects of autonomous gaps. 
Two new IE’s needs to be added pertaining to UE support for interruption control gaps as well as network controlled short gaps (NCSG), respectively. 
RAN4 needs to amend interruption requirements in sections 7.6.2.x of 36.133. The amendments should remove the allowance to have 0.5% missed ACK/NACK due to autonomous interruption, in case UE support interruption control gaps or/and network controlled short gaps (NCSG) and the network has given a suitable configuration

Currently, there is an allowance to have autonomous gaps in 36.133 and 36.331 given
· IE measCycleSCell  is 640 ms or longer 
· Network allowing autonomous gaps using IE allowInterruptions in 36.331

There is another possibility for autonomous gap configuration in the IE benefitsFromInterruption IE in 36.331. The UE can indicate that autonomous gaps are beneficial from a power consumption perspective by using IE benefitsFromInterruption and network may then choose to allow autonomous gaps using IE allowInterruptions 
The UE can request autonomous gaps by using IE benefitsFromInterruption and network may then choose to allow autonomous gaps using IE allowInterruptions. 
Once the UE had conveyed support for network controlled gaps in UE capabilities, the next important information is the indication of branches which could potentially be affected by deactivated secondary cell measurements. 
Once the UE had conveyed support for network controlled gaps in UE capabilities, the next important information is the indication of branches which could potentially be affected by deactivated secondary cell measurements.

The UE can indicate the branches affected by secondary cell measurement using the same IE IntContGap as proposed in fig.1. The network can receive this information either in the UE capability as proposed in solution 1 or in the reconfiguration complete message by the UE in case of autonomous selection of measurement gaps as stated in solution 2. 
In case of solution 1 based on information exchange using UE capability, the configuration of measurement gaps on affected carriers would follow the same structure as proposed in fig.2 using enhancements in MeasGapConfig. The network would configure the network controlled gaps on affected RF chains so the deactivated secondary cell measurements would not affect traffic on active carriers. 
The same structure can be used by network to overrule the UE proposal for measurement gaps on active carrier, in case of autonomous gap configuration by UE. 
The UE can indicate the branches affected by secondary cell measurement using the same IE interFreqNeedForGaps as stated in Proposal 1. The network can then use this information to configure network controlled gaps on affected carriers using enhancement in IE MeasGapConfig as proposed in Proposal 5&6.
The proposal 3 and 5 would create a comprehensive solution covering both per component measurement gap feature as well as the deactivated secondary cell use case of network controlled gaps feature. Thus, we propose to use it as a baseline for a solution to deactivated secondary cell measurements use case as well per component measurement gap configuration. 
There are other solutions possible as well including exchange of network controlled gaps once the secondary cells are configured but that would be done at the cost of extra signalling and eventual cost of extra delay. 
Conclusion
In this contribution, we have proposed methodologies to signal network controlled gaps to avoid autonomous gaps and utilize the per component carrier measurements with no impact on active carrier performance. This would involve input from RAN 4 to define new gap patterns for network controlled short gaps as stated in Proposal 1. Also, a segregation should be made between network controlled gaps and network controlled short gaps as stated in Proposal 2. 
1. RAN 4 should add new gap pattern for the proposed on-off gap pattern (1-4-1) for network controlled short gaps. This is required for the respective RAN2 specification unless legacy 6 msec measurement gaps are sufficient.
Introduce RRC signalling support for configuration of network controlled gaps based on both legacy gap length of 6 msec as well as the new proposed short gap pattern of 1-4-1 msec.
For UE capability signaling of the active carrier affected by measurements, enhancements in the IE interFreqNeedForGaps have been proposed in Proposal 3 along with an indication of a fallback solution in case required enhancements are not possible as stated in Proposal 4. 
Introduce a signalling solution for UE to exchange the RF branch information which would require network controlled gaps. Details are FFS 
One possibility is to extend the per component measurement gap solution with an additional IE within interFreqNeedForGaps, to indicate the RF branch which require network controlled gaps.  
Introduce a fall back signalling solution to handle the scenario when detailed RF interdependencies between carriers is not available to network. Details for FFS.
One possibility for a fall back solution is to enable network controlled gaps on all active carriers by default. This would not be the most efficient methodology but it would still save network from autonomous gaps from UE side and the network would be able to use these resources more effectively.  
The signaling solution to configure network controlled gaps on affected carriers is stated in Proposal 5 and 6. 
Introduce signalling for eNB to configure the UE with measurement gaps on specific component carriers as indicated by UE capabilities, together with network controlled gaps (short or long) on either the affected active carriers or all active carriers. 
One signalling solution is presented in section 2.1.1
In case of autonomous gaps configuration by UE, UE applies the interruption control gaps on affected active carriers based on its RF capabilities. If the UE support network controlled short gaps (NCSG), it would consider Network controlled short gap on active carriers otherwise apply normal gaps of 6 msec.  
The special provisions supporting autonomous gap with context of deactivated scell measurements are highlighted and addressed in Proposal 7 and Observation 5,6 and 7.  
RAN 2 needs to amend the use of IE benefitsFromInterruption so that UE’s that support network controlled gaps do not set benefitsFromInterruption, otherwise autonomous gaps would still occur.
The signaling solution to avoid autonomous gaps during secondary cell measurements is stated in proposal 8. 
The UE can indicate the branches affected by secondary cell measurement using the same IE interFreqNeedForGaps as stated in Proposal 1. The network can then use this information to configure network controlled gaps on affected carriers using enhancement in IE MeasGapConfig as proposed in Proposal 5&6.
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