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1.
Introduction
RAN4 sent a LS[1] to RAN2 addressing the measurement gap enhancements considered in RAN4, i.e., Short MGL, Per-CC based Gap configuration and Measurement gaps for interruption control. Additionally, RAN4 provided some potential options for signalling for per-CC based Gap configuration. The related parts are captured as below:
	(2) Per-CC based configuration of gaps in carrier aggregation/dual connectivity, such 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 architectures.

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 eNB needs to know which serving cell(s) need gaps for a particular CA and measurement configuration. This discussion has not yet been concluded. Moreover, the measurement may cause interruption to other serving cells, so there is a relationship of this enhancement to the interruption control feature (3).

The summary of RAN4’s agreements on per-CC based measurement gaps are given below

· 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 has also discussed signalling complexity for this signalling.

· 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.

· Other options are not precluded

The discussion on capability signalling option may take place in RAN2  


This paper presents our view on each option, and proposes that the UE signals all possible capabilities with RF chain information.

2.
Discussion 
In e-mail discussion [95bis#10], detailed description was given for each option as below, 
Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network
· UE signals all possible capabilities (based on RF capability) for all supported CA combos regardless if the network supports only subset of it.
In Rel-13, the UE signals all of supported bands and CA combination via UECapabilityInformation, and then the network determines measurement object and gap based on the UECapabilityInformation.
In case of per-CC gap, we think that configured CCs, supported bands, CA combinations, and RF chain information are required. However, the network already knows configured CCs, and the UE already indicates supported bands and CA combinations to the network via UECapabilityInformation. So for option 1, adding RF chain information in UECapabilityInformation is sufficient. 
In the e-mail discussion, some companies concerned about large overhead in Option 1. However, we think RF chain information is not that large, as explained below. 
[image: image1.emf]    Band A     Band B             Band C        Band D                   Band E

RF chain 1 RF chain 3 RF chain 2


Let’s assume that supported bands and multiple RF chains are configured as above figure. If the UE indicates each RF chain ID and bands allocated by each chain to the network, the network could know used RF chain, unused RF chain, and bands related to configured CCs. 
Below is an example of RF chain information in order to avoid large overhead problem. With the RF chain information, the network can deduce and determine measurement configuration for per-CC gap. 
-- ASN1START

RFchainConfig ::=





SEQUENCE {


RFchainId





RFchainId,


RFchainSupportedBand


RFchainSupportedBand

}

RFchianId ::=




INTEGER (1..maxRFchainId)

RFchainSupportedBand ::=


SEQUENCE (SIZE (1..maxBands)) OF RFchainBandEUTRA

RFchainBandEUTRA ::=



SEQUENCE {


bandEUTRA






FreqBandIndicator
}

-- ASN1STOP
In addition, Option 1 allows the network to consider all UE measurement related capabilities. As the UE signals all of supported bands, CA combination, and RF chain information, the network can deduce and determine all cases of per-CC gap based on these UE capabilities. Hence, Option 1 is good from flexibility point of view.

Observation 1 Option 1 is simple and flexible solution because it is realized by simply adding RF chain information and allows the network to consider all of UE measurement related capabilities.
Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)
· Network signals the supported frequency band to the UE. Then the UE reports what CA combination it can support among the configured band based on the RF capability. Finally, the network configures the measurement gap configuration to the UE.
Option 2 is realized by including requestFrequencyBands in UECapabilityEnquiry. Then, the UE reports only measurement related capabilities limited by requestFrequencyBands. Thus, the signalling overhead in Option 2 is smaller than Option 1. However, knowing limited UE capabilities implies that the network cannot configure/use the cells not reported by the UE capability. Therefore, the network may have less flexibility in configuring cells to the UE.
Observation 2 Option 1 is more flexible than Option 2.
Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)
· UE signals the capability combination based on configured CA combination. This will reduce the possible combination by large. However, it limits the combination only to the configured CA combination.
In case of Option 3, the UE indicates limited capabilities based on configured CA combination to the network. However, as Option 1 could consider all of measurement related capabilities, the Option 1 seems more flexible.
Observation 3 Option 1 is more flexible than Option 3.
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. 

· After the network configures the measurement bands, the UE choose the best gap configuration based on its RF chain capability and send it to the network. The network can accept the configuration with an acknowledgement or refuse the configuration and send back an override configuration.
In Option 4, additional signalling is needed in order to indicate UE’s choice. Moreover, to allow the network to refuse the UE’s choice, another additional signalling is required. This seems to be unnecessary signalling. To avoid such an additional signalling, we think measurement gap configuration should be determined by the network.
Observation 4 Option 4 may require additional signalling.
So far, we have discussed four options on per-CC gap. Considering observations, we prefer Option 1 for per-CC gap because it is most simple and flexible.
Proposal 1 For per-CC gap, UE should signal all possible capabilities with RF chain information.
3.
Conclusion
In this contribution, we discussed capabilities related to per-CC gap, and have following observations.
Observation 1 Option 1 is simple and flexible solution because it is realized by simply adding RF chain information and allows the network to consider all of UE measurement related capabilities.
Observation 2 Option 1 is more flexible than Option 2.
Observation 3 Option 1 is more flexible than Option 3.
Observation 4 Option 4 may require additional signalling.
Based on the observations, we propose the following:
Proposal 2 For per-CC gap, UE should signal all possible capabilities with RF chain information. 
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