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1      Introduction
The measurement gap enhancement for LTE WI [1] was approved in RAN#71 meeting. One of the agreement from RAN4 is to introduce per component carrier based configuration of gaps: 
Per component carrier (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. RAN4 discussed that the capability to do this depends on both baseband and RF architectures.


During RAN2 meeting #96, it has been agreed to progress three options to signal the UE's capability for per CC measurement gap. 

Agreements:

RAN2 assumes 3 possible options, final solution should be confirmed from RAN4:

Option A: RF chain capability approach (need confirm from RAN4 on feasibility)

Option B: Traditional per CA capability signalling. 


FFS the NW can infer the per cc combination

Option C: UE feedbacks after the network has configured measurement object

A solution will be only considered if Stage 3 CRs is provided for next meeting. Solution should be based on the same understanding of the above example

Selected solution aim to address the UE capability size concern
This contribution further discusses each option to signal the UE's capability for per component carrier measurement gaps and provides a recommendation. 

2      Discussion

The three options to support the UE's capability for per component carrier measurement gaps are:

· Option A: RF chain capability approach (need confirm from RAN4 on feasibility)

· Option B: Traditional per CA capability signalling. (FFS the NW can infer the per cc combination)
· Option C: UE feedbacks after the network has configured measurement object
Since many companies in the last meeting expressed support for option B, therefore, we would like to further study option B first. 
Option B: Traditional per CA capability signalling
Traditionally, after the RRC setup between the UE and the eNB, the eNB sends the UECapabilityEnquiry message to the UE. Then the UE sends the capability information to the network so that it can configure according to the UE capability. In order to reduce the UE capability signaling, the network can indicate a set of frequency bands supported within the network deployment in the requestedFrequencyBands within the UECapabilityEnquiry message. In this case, the UE only needs to report the supported CA combinations based on the network supported frequency bands. 
One big question is whether the network can infer the per CC measurement gap capability from the CA combination capability? Let’s take a look at the example below and try to answer this question:
Assume that both UE 1 and UE 2 support the frequency bands 1, 5 and 7 with the following supported CA band combinations: 
· 1A-1A, 1C, 1A-5A, 1A-7A, 1A-1A-7A
However, they might have different RF architecture: 

· UE 1: band 1 and band 5 share the same RF chains and the band 7 has separate RF chain

· UE 2: band 1, use separate RF chains, band 5 and band 7A share the same RF chains 

Below table shows 3 example cases where different CA band combination is configured. Case 1: the UE is configured intra-band contiguous CA while the UE is required to measurement band 5 and 7. Case 2: the UE is configured intra-band non-contiguous CA while the UE is required to measurement band 5 and 7. Finally in case 3, the UE is configured to inter-band CA. Since UE 1 and UE 2 have different RF architecture, in some cases (as shown in Case 2), UE 1 and UE 2 has different per CC measurement gap requirement. And for different CA configuration, different per CC measurement gap requirement is needed even for the same UE. 

	
	CA configuration
	Measurement object
	UE 1
	UE 2

	Case 1
	1C
	Band 5, 7
	No Gap 

	Case 2
	1A-1A
	Band 5, 7
	Gap on both CC 
	No gap 

	Case 3
	1A-7A
	Band 5
	Gap on band 7 and no gap on band 1 


Case1: for UE 1, with a duplexer, the UE 1 can measure band 5 on the same RF chain with band 1. For UE 2, the spare RF chain can be used to measure both band 5 and band 7. In this case, it may not be inferred by the network because the UE does not support 1C-5A or 1C-7A. 
Case 2: it is assumed that for UE 1, 1A-1A and 1A-5A can be supported by one RF chain with duplexer, but 1A-1A-5A cannot be supported. 

Case 3: UE 1 can still measure band 5 in 1A-7A by using duplexer in band 1 RF chain. UE1/2 cannot support 5A-7A CA. 

Observation1: With different UE RF architecture, different per CC measurement gap is required for the same CA configuration. 
Observation 2: For different CA configurations, different per CC measurement gap is required requirement even for the same UE.
As a result of the observation 1 and 2, the network cannot infer per CC measurement gap capability from the CA combination capability. 
Observation 3: the network cannot infer the per CC measurement gap capability from the CA combination capability.
If the network cannot infer the per CC measurement gap capability from CA combination, how can the network correctly configure the per CC measurement gap to the UE. In addition, since there are different ways to utilize RF for measurement, it will be beneficial for the UE to choose which RF chain to perform measurements to save power consumption. Therefore, we propose that RAN2 does not support option B for signaling per CC based measurement gaps.

Observation 4: it will be beneficial for the UE to choose which RF to perform measurement to save power consumption.
Proposal 1: RAN2 does not adopt option B for signalling per CC based measurement gaps.
Option A: RF chain capability approach

In order to come up with a standardized model to describe the RF structure, RAN4 first has to define such model if it is feasible. In that case, all the RF structure has to fall into one of the model and this would limit the UE implementation in a way that the standard would not normally restrict. Therefore, there is significant impact to the UE implementation of the RF.

Observation 5: It is up to RAN4 if they can define such model to describe the RF structure and if it is feasible for this option. 

Observation 6: This option may limit the RF implementation at the UE. 

Proposal 2: RAN2 does not adopt option A for signalling per component carrier based configuration gaps.
Now the last option provides a feasible solution with minimum the UE capability size indicating the UE gap preference by the UE.
Option C: UE feedbacks after the network has configured the measurement object

In this option, the UE sends the measurement gap preference to the network based on the configured CA after the network has receive the UE capability. UE may indicate such preference in the RRC Connection Reconfiguration Complete message. There are two sub-options:

· Option C1: network assumes the measurement gap configuration from the UE preference is final if the network is ok with the configuration. In this case, there is no RRC reconfiguration is needed. Even in this option, the network sends RRC connection reconfiguration message if the network rejects UE preference or prefer different measurement gap. 
· Option C2: network performs RRC reconfiguration to configure the measurement gaps after the UE indicates the preference. In this case, additional signalling overhead is needed.
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· Step 1: eNB may include requestedFrequencyBands  
· Step 2: the UE report CA band combo capability
· Step 3: the network configures the UE with the CA configuration and a measurement configuration (esp. measurement objects) requesting that the UE can indicate the per CC measurement gap preference.
· Step 4: UE sends RRCConnectionReconfigurationComplete message along with measurement gap configuration preference based on CA configuration and the measurement configuration in step 4 if the network has requested to send the measurement gap configuration preference in step 4.
· Step 5/6: NW optionally performs reconfiguration of measurement gaps. And UE replies with RRCConnectionReconfigurationComplete message.
Observation 7: Option C2 has signalling overhead for the RRC reconfiguration.

Proposal 3: RAN2 adopt option C1 or C2 for signalling per CC measurement gap.
Proposal 4: If option C is agreed, a new per CC measurement gap preference request is added in RRCConnectionReconfiguration message. In response to the request the UE indicates the per CC measurement gap preference in the RRCConnectionReconfigurationComplete message.
3      Conclusion

Observation1: With different UE RF architecture, different per CC measurement gap is required for the same CA configuration. 
Observation 2: For different CA configurations, different per CC measurement gap is required requirement even for the same UE.
Observation 3: the network cannot infer the per CC measurement gap capability from the CA combination capability.

Observation 4: it will be beneficial for the UE to choose which RF to perform measurement to save power consumption.
Observation 5: It is up to RAN4 if they can define such model to describe the RF structure and if it is feasible for this option. 

Observation 6: This option may limit the RF implementation at the UE. 

Observation 7: Option C2 has signalling overhead for the RRC reconfiguration.

Proposal 1: RAN2 does not adopt option B for signalling per component carrier based configuration gaps.
Proposal 2: RAN2 does not adopt option A for signalling per component carrier based configuration gaps.
Proposal 3: RAN2 adopt option C1 or C2 for signalling per component carrier based configuration gaps.
Proposal 4: If option C is agreed, a new per CC measurement gap configuration preference request indication is added in RRCConnectionReconfiguration message. In response to the request indication the UE indicates the per CC measurement gap configuration preference in the RRCConnectionReconfigurationComplete message.
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