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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 the possible challenges for RAN2 and potential solutions.
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0.  Shorter measurement gap length (MGL)

Shorter MGL measurement gaps can be used to make measurements when there is a known or approximately known timing relationship between serving frequency/frequencies and target frequencies to be measured [1].

RAN4 is discussing the introduction of either 3ms or 4ms long gaps for the case where frequency layers are approximately synchronised. RAN4 will discuss and specify the minimum window within which the PSS and SSS should fall in order for the UE to be able to make measurements. RAN4 has also agreed
· Requirements for inter-RAT measurement will not be defined when reduced gaps are configured
· RSTD measurement shall be possible 
· When position occasion Nprs is not more than MGL-1ms, requirements for reduced MGL will be defined.
· When position occasion Nprs is more than MGL-1ms, requirements for reduced MGL will not be defined
· Shorter MGL configurations
· MGL: single MGL is defined
· 3ms or 4ms
· MGRP: two MGRP are defined: 40ms and 80ms
· Short gaps and legacy gaps are not mixed for both per-CC and per-UE based measurement gap configurations [1]

Although RAN4 had agreed to introduce shorter MGL, there are no gap patterns yet that define the new short gap patterns with the agreed MGRP. 

In the current RAN4 specs 36.133, there are no gap patterns defined for shorter    measurement gap lengths.  

The first step to start signalling in RAN2 would be based on RAN 4 introduction of new gap patterns defining shorter gap lengths with respective MGRP. 
From RAN 2 signalling perspective of new measurement gap lengths, RAN 4 is required to add new measurement gap patterns for the new measurement gap length in 36.133. It is recommended to retain the legacy periodicity of new measurement gap lengths as it would keep the RAN 2 signalling simpler as well.

Once the respective new gap patterns are defined by RAN 4, there is a possibility to signal new short measurement gap lengths by adding new gap pattern in measgapconfig IE of 36.331 [3].

In 36.331, there is a possibility to signal new short measurement gap lengths by adding new gap pattern in MeasGapConfig once the respective gap patterns are defined in RAN 4 spec.  

The new gap pattern could potentially be named gp2 and gp3 after gp0 and gp1 in 36.331.  

-- ASN1START
FOR ILLUSTRATION
[bookmark: _GoBack]
MeasGapConfig ::=					CHOICE {
	release								NULL,
	setup								SEQUENCE {
		gapOffset							CHOICE {
				gp0									INTEGER (0..39),
				gp1									INTEGER (0..79),

				…,
				[[gp2								INTEGER (0..39),	
				  gp3								INTEGER (0..79),
				]]
		}
	}
}

-- ASN1STOP

Fig. 1: Proposed enhancement to IE MeasGapConfig
Based on potential RAN4 agreement, define new gap patterns in 36.331 using measgapconfig IE to signal the short measurement gap lengths. 

0. Per Component carrier (Per-CC) based configuration of gaps
Per-CC based configuration of gaps in carrier aggregation/dual connectivity is proposed so that identical gap configuration is not required on all serving cells to make measurements under the assumption that the UE has multiple RF chains. RAN4 also discussed that it is possible for UEs with multiple RF chains to measure more than one measurement object in each gap. RAN4 discussed that the capability to do this depends on both baseband and RF architecture [1].

A CA or dual connectivity configured UE using multiple RF chains is in principle able to make measurements without simultaneous gaps on all of the serving cells. RAN4 view is that it would be desirable to allow different configurations of gaps, including no gap is configured, on serving cells, to improve throughput while inter-frequency measurements are being performed. RAN4 has discussed extensively that the network needs to know which serving cell(s) need gaps for a particular CA and measurement configuration. 

The requirement to configure gaps per component carrier emerge from the fact that the UE’s RF architecture had evolved from single transceiver chain in rel-8 to multiple transceiver chains in rel-13 and beyond to support CA of more than five carriers. There is a possibility that 

· some of the RF chains are free and can measure without measurement gaps on other RF chains, or 
· only one RF chain is required to measure the desired carrier and remaining RF chains can be used to schedule data. 
The benefit of having such a setup is that the UE would be able to measure more frequencies (IncMon feature) along with the support more data scheduling, thus increasing throughput KPI’s.  

RAN4 had agreed on the following items pertaining to per-CC based measurement gaps:

The summary of RAN4’s agreements on per-CC based measurement gaps are given below [1]
· Per-CC based measurement gap can be configured based on existing measurement gap patterns (i.e. Gap Pattern Id 0 or 1) or the gap patterns with shorter MGL 
· Short gaps and legacy gaps cannot be mixed for per-CC based measurement gap configurations
· Measurement gap may or may not be configured on all serving cells

RAN4 had also proposed the following signalling options in the proposed LS:

Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network
Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)
Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)
Option 4: UE determines the exact measurement gap configurations per CC and signals NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy per-UE based measurement gap configuration.

The options involve a trade-off between the UE capability size and the extra signalling to support the per component carrier based configuration of gaps. 

The RAN4 proposed signalling options involve a trade-off between the UE capability size and the extra signalling to support the per component carrier based configuration of gaps.

The following sections discuss signalling solutions are discussed different options mentoned in RAN4 LS.. 

 Solution based on LS option 1
Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network
This option would entail a major increase in the size of the UE capabilities to transmit the RF architecture for all supported band combinations so it would not be practical from signaling size point of view. Also, it would not be of much value to have this extra information on all the bands/band combinations supported by the UE. Option 2 seems more optimize in this respect. 

Solution based on LS option 2
Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)
In this option, the UE is only requested to advertise the RF dependencies for the bands and band combinations requested by the network. Thus, the size of UE capabilities is drastically reduced compared to option 1. 
The on demand signaling of capabilities is possible using the IE requestedFrequencyBands. Thus, the UE would only report the bands and CA band combinations based on network requested bands. 

The on demand signaling of UE capabilities pertaining to band and band combination support is possible using the IE requestedFrequencyBands.

Once the network had indicated specific bands on which UE gap requirements should be indicated, the next step is to exchange those requirements from UE to the network. The easiest option to report the capabilities on demand by the UE is to extend the IE interFreqNeedForGaps. For CA band combinations, this IE currently reports the need for gaps for each measured band per band combination. 
The proposal is to enhance this IE with information on the type of gap along with identification of the RF chain where the gap is required. In this way, the gap capability of the RF architecture is presented to the network:
· if a measurement is possible without a measurement gap, 
· type of gap, 

· the RF chain(s) to be configured with gaps when measuring on certain band.  

The proposed change in InterFreqBandInfo IE is as follows: 

-- ASN1START 
FOR ILLUSTRATION

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

}

-- ASN1STOP

			Fig. 2: Proposed enhancement to IE interFreqNeedForGaps

The IE InterFreqNeedForGaps is enhanced to signal new required information pertaining to measurement gap type as well as indication of one or more band/cell on which a gap is required. 

Once the UE receives information about the UE RF architecture in UE capability, network needs to configure the gaps on respective component carriers or skip gaps configuration if UE RF architecture supports. One proposal to single the per component measurement gaps is through the measgapconfig IE as shown in fig.3
-- ASN1START
FOR ILLUSTRATION

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

}}
-- ASN1STOP

				Fig. 3: Proposed enhancement to IE MeasGapConfig 
The IE measgapconfig needs to be enhanced to convey the per component measurement gap configuration along with the proposed new gap pattern as stated in proposal 1 of this contribution. This is possible by adding gapBand within the measgapconfig which indicates the RF chain on which a gap is configured. The setup sequence could potentially include multiple gap configuration for multiple RF/band chains. The network should make sure that the eventual gap configuration is based on a cohesive consideration of gap requirements for each measurement ID.  
The IE measgapconfig is enhanced to signal the specific RF chain with measurement gap requirement along with signalling of the proposed new short gap pattern.

Solution based on LS option 3&4
Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)
Option 4: UE determines the exact measurement gap configurations per CC and signals NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy per-UE based measurement gap configuration.

We would propose to combine Option 3 and 4 form the LS. Reason for this proposal is that the two options complement each other. The proposed signalling would work as follows: 
· UE reports support for per component measurement gap configuration in UE capabilities. 
· network configures the UE with a CA combination along with measurement object in the reconfiguration message without any specification of measurement gaps. 
· 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 option 2. 
· The UE would autonomously start using the proposed measurement gaps and would expect network to schedule data on transceivers which do not required measurement gaps. 

· 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. 

The benefit of combining option 3 and 4 would be the following:
1. No change in UE capabilities as UE does not need to report measurement gap requirement on individual transceiver chains. 
2. Less signalling as network does not need to signal acknowledgement in response to UE proposal of measurement gaps.
3. Flexibility to overrule UE proposal by network with a reconfiguration message. 

The benefit of combining option 3 & 4 would be the following: 
· No change in UE capabilities as UE does not need to report measurement gap requirement on individual transceiver chains. 
· Less signalling as network does not need to signal acknowledgement in response to UE proposal of measurement gaps.
· Flexibility to overrule UE proposal by network with a reconfiguration message. 

[bookmark: _Toc461104469][bookmark: _Toc461104674][bookmark: _Toc461104800]RAN2 should consider combining option 3 and 4 as it retains legacy UE capability structure and less signalling as network does not need to acknowledge UE proposal for measurement gaps. Meanwhile also providing flexibility to overrule UE proposal with a reconfiguration message.
In section 2.2, we have proposed two signalling solutions for per component carrier based measurement gap feature. 
RAN2 takes the two signalling solutions proposed in this contribution for supporting per component measurement gap configuration as a baseline and evaluate them further to select the best option based on signalling simplicity. 


	Differentiating aspects
	Solution#1:UE capabilities enhancement base
	Solution#2:Semi autonomous UE configured gaps

	UE RF Architecture update to Network
	via enhanced UE capabilities
	On demand by UE

	Measurement gap configuration per component carrier
	Network configures in reconfiguration message
	UE selects the measurement gap autonomously

	Change in UE capability
	Yes
	No

	Network awareness about UE RF dependencies
	Complete information
	No information

	Signalling delay to configure measurement gaps
	No delay as network had complete information about UE architecture
	Delay due to extra signalling required for RF dependencies exchange on demand

	Network can overrule measurement gap configuration
	Not required
	Yes, possible if UE proposal is not optimum for network settings

	Short measurement gap configuration
	Possible
	Possible

	Per component measurement gap configuration
	Possible
	Possible

	RAN 4 LS correlation
	Option 2
	Option 3&4



Conclusion
In this contribution, we have discussed signalling solutions for of short gaps as well as per component carrier measurement gap configuration. 
We ask RAN2 to agree on the following proposals: 
1. From RAN 2 signalling perspective of new measurement gap lengths, RAN 4 is required to add new measurement gap patterns for the new measurement gap length in 36.133. It is recommended to retain the legacy periodicity of new measurement gap lengths as it would keep the RAN 2 signalling simpler as well.
Based on potential RAN4 agreement, define new gap patterns in 36.331 using measgapconfig IE to signal the short measurement gap lengths. 
The IE InterFreqNeedForGaps is enhanced to signal new required information pertaining to measurement gap type as well as indication of one or more band/cell on which a gap is required. 
RAN2 should consider combining option 3 and 4 as it retains legacy UE capability structure and less signalling as network does not need to acknowledge UE proposal for measurement gaps. Meanwhile also providing flexibility to overrule UE proposal with a reconfiguration message.
RAN2 takes the two signalling solutions proposed in this contribution for supporting per component measurement gap configuration as a baseline and evaluate them further to select the best option based on signalling simplicity. 
Email discussion to next meeting to select solution/method. 
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