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1 Introduction
The measurement gap enhancement for LTE WI [1] was approved in RAN#71 meeting. This is the first meeting RAN2 meeting to work on signaling aspect of this work item. RAN4 has sent an LS [2] to RAN2 to report the progress from RAN4. Below is the summary of the three measurement gaps RAN4 would like to introduce:

(1) Shorter measurement gap length (MGL) measurement gaps, which may 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. In this case, the gap can be shorter than 6ms while still allowing neighbour PSS/SSS to be detected.

(2) 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.

(3) Measurement gaps for interruption control, to avoid the autonomous interruptions which UEs may currently make in certain scenarios.

Since RAN2 only have 3 meetings to discuss the signalling aspect to introduce the above measurement gap enhancement, this contribution focuses on different signalling option to introduce (2) per component carrier based configuration gaps. 
2 Discussion
2.1 RAN4 LS progress on the per component carrier based configuration gaps
(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

· Different measurement gap configurations can be assigned on different serving cells.

· RF chain can independently measure

· In Ran4 discussion: what type of band combination UE should tell the network

· Option 1: signal all possible UE capability

· Too much signaling

· UE prefer not to do certain combination

· Option 2:UE signals capability on demand (network requests)

· Network configures neighbor band, UE reports

· If two network from diff vendor, network can’t tell UE complete information

· UE may not prefer

· Option3: UE signals capabilities based on configured CA combo
· This combination will be limited 

· Option 2 and 3 still have the problem UE implementation flexibility

· Option 4: once the network configures and UE picks the gap configuration. NW can override the configuration
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 
2.2 New measurement gap for UE with multiple RF-chain
In current spec, a single measurement gap pattern with constant gap duration (i.e. 6ms) is provided by eNB and applied to all serving cells for simplicity reason, although it is well known that UE does not need all RF chains to do inter-frequency measurement for a certain frequency carrier. RRM measurement without gap can bring up to 15% throughput gain (e.g. 40ms MGRP) so that it is an attractive feature to improve UE performance especially in case of CA with a large number of CCs. To achieve this benefit, measurement gap is better applied to only relevant serving cells (i.e. to the serving cells operating on the RF circuit measuring the concerned frequency). 

Figure 1 shows the existing measurement gap pattern (i.e. either 40ms MGRP or 80ms MGRP) can be configured by the network to the UE. The network is assumed the UE to measurement one band at a time; this will satisfy the measurement requirement. All band during the measurement gap will have no downlink transmission.
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Figure 1: Existing measurement gap scenario
Figure 2 shows an example of the UE Rx structure. In this example, the UE has 2 RF chains (1 and 2). RF chain 1 can support band X and Y. RF chain 2 can support band Z and L. In this example, the UE has more than 1 RF chain (this is most of the case when the UE has DC and CA capability), the UE can use both RF for measurement to reduce measurement delay and increase efficiency.
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Figure 2: Example of UE Rx structure
Figure 3 shows a possibility of new measurement gap configuration. Assuming the UE serving bands are A+B. RF_1 supports band A in addition to X and Y. RF_2 supports band B in addition to Z and L. If the UE has the band combination capability of CA_X_Z and CA_Y_L. The UE can use RF 1 to alternate measuring band X and Y in gap. At the same time, the UE can use RF 2 to alternate measuring band Z and L. That way, the measurement delay is reduced by 50%. 
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Figure 3: New measurement gap pattern configuration to reduce measurement delay

Observation 1: With multiple UE RF-chain, new measurement gap pattern configuration can reduce measurement delay.
Figure 4 shows the UE is configured serving band A+B. When the UE uses RF 1 to measurement band X, no data transmission on band A. However, the UE can receive downlink data in band B using RF chain 2 with interruption during RF tuning. Since both band A and B are busy, with the new gap pattern configuration, measurement gap density is reduced but measurement delay maintains. 
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Figure 4: New measurement gap configuration to increase downlink data efficiency during measurement
Observation 2: With multiple UE RF-chain, new measurement gap configuration can increase downlink efficiency during measurement.

2.3 Signaling the UE RF capability between the UE and network The question is if NW needs to know UE RF capability. If Yes, how the UE and the network communication to each other such that the network knows the UE RF capability (i.e. which RF can measure on which band combination). RAN4 has discussed different options below:
Option 1: UE signals capabilities for all supported CA combination when UE attaches to the network

Current LTE CA can support up to 32CCs, there are already hundreds of inter-band CA defined, including 2DL/1UL, 3DL/1UL, 4DL/1UL, 5DL/1UL, xDL/2UL, where x = 2, 3, 4, 5. In RP#73, there are 138 new band combinations are introduced. It is expected that a lot more CA combination will be defined in the future given new frequency band available for NR. Therefore, option 1 may require a lot of signaling to indicate all the CA combination. 

Observation 3: Option 1 may require a lot of signalling to indicate all RF chain and band combinations.
Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)
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In this option, network configures the frequency band to the UE for measurement. 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 3: UE signals capabilities based on configured CA combination (UE sends capabilities when configured with a certain CA combination)
In this option, the 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.
Observation 4: Option 3 has limitation on only CA band combination.
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
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In this option, 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. 
Below shows the comparison of the 4 options:

	
	Option 1
Signal all possible RF capability
	Option 2
Signal RF capability on the configured bands
	Option 3
Signal RF capability on CA combination only
	Option 4
Signal gap pattern on configured bands

	Signaling overhead
	High (
	Medium (
	Medium (
	Low (

	Limitation
	No (
	No (
	Yes, CA band only (
	No (

	UE flexibility
	No (
	No (
	No (
	Yes (


From the summary above, option 4 seems to have least signaling overhead with high UE flexibility. Therefore, we propose to adopt signaling in option 4 for UE to indicate the gap pattern after the network configures the measurement bands.

Proposal: RAN2 agree to adopt signaling in option 4 for UE to indicate the gap pattern after the network configures the measurement bands.

3 Conclusion
Observation 1: With multiple UE RF-chain, new measurement gap pattern configuration can reduce measurement delay.
Observation 2: With multiple UE RF-chain, new measurement gap configuration can increase downlink efficiency during measurement.

Observation 3: Option 1 may require a lot of signalling to indicate all RF chain and band combinations.
Observation 4: Option 3 has limitation on only CA band combination.
Proposal: RAN2 agree to adopt signaling in option 4 for UE to indicate the gap pattern after the network configures the measurement bands.
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