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1 Introduction
A new WID led by RAN4 has been approved in RAN #71 meeting [1]. According to WID objective:

· Specify shorter measurement gap length (MGL) for synchronous deployments
· Define new gap pattern configuration(s) and corresponding requirements, including (RAN4)

· E-UTRAN Inter-frequency measurement requirements

· E-UTRAN inter-frequency OTDOA measurement requirements
· It is noted that the impact on UE implementation complexity should be considered.
· Define the necessary signalling to enable the configuration of the new gap pattern configuration(s) (RAN2)

· Specify per-CC based measurement gap configurations

· Define per-CC based measurement gap configurations and requirements for monitoring of multiple layers using gaps depending on UE measurement capability (RAN4)

· Define the following requirements of monitoring of multiple layers using gaps including Rel-12 IncMon
· E-UTRAN Inter-frequency measurement requirements

· E-UTRAN inter-frequency OTDOA measurement requirements

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities
· Consider per CC/RF chain based UE measurement gaps capabilities
· It is noted that the impact on UE implementation complexity should be considered.
· Define the necessary signalling to enable the configuration of per CC measurements gaps (RAN2)

· Specify network controlled small gap (NCSG)

· Define new gap pattern configurations and the corresponding requirements (RAN4)

· The corresponding requirements should be specified based on NCSG and legacy 6ms gaps

· Define the necessary signalling to enable the configuration of this gap pattern (RAN2)
· It is noted that the impact on UE implementation complexity should be considered.
This contribution discusses the measurement gap configuration and signalling.
2 Discussion on the per-CC/NCSG based measurement gap configurations
During RAN4#80bis meeting, the following agreements were made:

	· It is FFS on how to capture the case when no measurement gap is configured on CC. 
· Decision on new gap pattern is made in RAN4#81
· Non-uniform gap pattern
· Uniform gap pattern with MGRP>80ms
· Companies are encouraged to provide input on how to capture parallel measurement requirements 


RAN4 discussed signalling for per CC gap pattern

	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.


Considering CA UE has 3 Rx Chain. Rx#1 is configured with PCell on f0, Rx #2 is configured with SCell1 on f1, and Rx#3 is configured on Sell2 on f2. F3 and f4 are needed for inter frequency measurement, with f3 MGRP=40ms and f4 MGRP=80ms with different gap offset.

UE could use Rx#2 for f4 and Rx#3 on f3 as shown in Figure 1. Both Rx#2 and Rx#3 will cause interruption to PCell Rx#1. And per CC measurement on Rx#3 will cause interruption on measurement on Rx#2, and vice versa. 
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Figure 1: per CC gap configuration and NCSG configuration used to control interruption
Observation1: different MGRP per CC may cause interruption. NCSG is needed to control the MGRP
Observation2: no gap needed on some CC may cause interruption to other CC. 
The NCSG and gap per CC may overlap together as shown in Figure 1. It could be observed that NCSG interruption on PCell could overlap together, since gap offset can be different per CC. 
Observation3: per CC gap and network NCSG may configure on the same frequency layer.
Observation4: NCSGs caused by different Rx Chains may overlap. NCSG and gap per CC may overlap.
Also, different UE implementation will cause different NCSG even for the same inter frequency measurement task as shown in Figure 1 and Figure 2. If UE only uses 1 Rx chain for measurement on f3 and f4, the interruption behaviour will be different than the one using 2 Rx chain. It is also worth mentioning that whether UE could use Rx Chain to measurement inter frequency is related to its baseband and RF capability. Network may not be aware of whether the UE has an unused Rx Chain. 
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Figure 2: Different UE implementation will cause different NCSG even for the same measurement task

Observation5: different UE implementation will cause different NCSG for the same inter frequency measurement task, e.g. using one Rx Chain or two Rx Chain for inter-frequency measurement.
Observation6: whether UE could use an Rx Chain for inter-frequency measurement is related to both baseband and RF capability. Network needs to be aware of whether UE has an unused Rx Chain.
Observation7: NCSG configuration is determined by UE Rx Chain capabilities. CA combos may not be correctly reflect the Rx Chain capability. Network needs to additionally be aware UE Rx Chain capabilities for inter-frequency measurements.
Based on the above analysis and observation on how to assign NCSG with respects to per CC gap pattern, we can further analyze the capabilities signaling and gap assignment signaling.
Proposal1: the UE shall indicate its Rx Chain capabilities for inter-frequency measurements per CC to the network.
Proposal2: it should be allowed to enable both gap and NCSG configuration on the same CC in order to control interruption caused by per CC gap configuration.
Proposal3: the signalling design should consider overlapping between gap and NCSG and overlapping between NCSG and NCSG cases. Rules for how to handle gap overlap need to be discussed and defined in order to control interruption in RAN4.
3 Conclusion
This contribution discusses on solutions to gap enhancements.
Observation1: different MGRP per CC may cause interruption. NCSG is needed to control the MGRP
Observation2: no gap needed on some CC may cause interruption to other CC. NCSG is needed to 
Observation3: per CC gap and network NCSG may configure on the same frequency layer.
Observation4: NCSGs caused by different Rx Chains may overlap. NCSG and gap per CC may overlap.
Observation5: different UE implementation will cause different NCSG for the same inter frequency measurement task, e.g. using one Rx Chain or two Rx Chain for interfrequency measurement.
Observation6: whether UE could use an Rx Chain for inter-frequency measurement is related to both baseband and RF capability. Network may not aware of whether UE has an unused Rx Chain.

Observation7: NCSG configuration is determined by UE Rx Chain behaviour and capabilities. CA combos may not correct infer the Rx Chain capability.
Proposal1: the UE shall indicate its Rx Chain capabilities for inter-frequency measurements per CC to the network.
Proposal2: it should be allowed to enable both gap and NCSG configuration on the same CC in order to control interruption caused by per CC gap configuration.
Proposal3: the signalling design should consider overlapping between gap and NCSG and overlapping between NCSG and NCSG cases. Rules for how to handle gap overlap need to be discussed and defined in order to control interruption in RAN4.
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