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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 short MGL
Current 6ms MGL insures that PSS/SSS signal can be captured within gap. Reducing MGL may cause UE to miss the PSS/SSS signal. In order to solve the problem, only define shorter MGL for synchronous deployment as WID objective. 
Since not all frequency are synchronized network, in order to guarantee that PSS, SSS and CRS are within short MGL, the gap offset should be configured per CC. Only frequency that is synchronous deployments could use the short MGL configuration.
Proposal 1: Study gapOffset per CC to enable network configuring short MGL to synchronous CC.  

For synchronous deployments FDD system, it is possible that PSS, SSS and CRS are within the same subframe. For TDD system, the SSS is 4 symbols ahead of PSS. However, the PSS and SSS are in the different subframes’ slots respectively. Current Rel-8 gap configuration only allowed subframe level (1ms) gap offset configuration. Therefore current specification can not allow PSS and SSS within the same 1ms gap length, which limits the short MGL to e.g. 3ms. If the gap offset could be slot level (0.5ms), it is possible to configure a 0.5ms gap offset to enable PSS, SSS and CRS within the same 1ms (but belong to two subframes). 
Proposal 2: Study slot level (0.5ms) resolution of gapOffset configuration to allow PSS and SSS within the same 1ms for TDD system.  

Table 1: Current MeasGapConfig information element
-- ASN1START
MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),




gp1








INTEGER (0..79),





...



}


}

}
-- ASN1STOP

Current gap has at least 5 ms useful measurement duration while less than 1 ms RF tuning time. During RF retuning, UE can not send or receive any signals. The efficiency is about 5/6=83.3% for legacy MGL. Short MGL may not reduce retuning time. Therefore, short MGL will reduce measurement efficiency.

Rel-8 6ms MGL allows UE to accumulate multiple measurement samples within one gap in order to improve measurement accuracy for some UE implementation. Reduce MGL to e.g. 3ms will reduce available samples and thus reduce accuracy for some UE implementation, and therefore may need more gaps to maintain the same accuracy, which results in efficiency lost.
Observation 1:  Short MGL impacts measurement accuracy and measurement efficiency for some UE implementation.
Proposal 3: Study the gain, cost and UE complexity in order to determine the exact value of short MGL.
3 Discussion on the per-CC based measurement gap configurations
For offloading frequency layers, the performance requirements may not as tight as coverage frequency layers.  Therefore, it might be feasible to configure fewer gaps for some CC. In TR36.894, burst gap pattern (new gap pattern 2) could be used to reduce number of gaps needed for offload inter-frequency cell. It is recommended further study burst gap pattern for per-CC based measurement gap configurations.
Proposal 4: Study the new gap pattern 2 “Burst gap pattern” in TR36.894 for per-CC based measurement gap configurations.  
[image: image1.emf]Tburst Ngap eg 3

Tgap MGRP


Figure1: Burst gap pattern per-CC configuration
4 Discussion on the network controlled small gap

The network controlled small gap is used to control interruption caused by measurement/configuration of different RF chain for some UE implementation in CA and DC. 

A per CC specific gap offset and short MGL are expected to enable NCSG. NCSG configuration is similar as shorter MGL configuration, except that NCSG is used to avoid interruption and during NCSG, the UE doesn’t perform measurement. Therefore the gap offset and MGL configuration are not required to allow PSS, SSS and CRS within the small gap. It could be view that shorter MGL configuration is a special case for NCSG.

Observation 2:  Both Short MGL and NCSG require to define per CC based gap offset and new gap pattern. 
Currently, the interruption is controlled by UE. NCSG enable network to control the timing of interruption, which may impact UE implementation.  
Proposal 5: Study gapOffset and new gap pattern per CC to enable both short MGL and NCSG.  The exact NCSG gap configuration procedure should consider UE implementation and UE capability.
One important aspect is how to define signalling regarding to the small gaps in order to let network understood UE capabilities. 

In section 7.2.2 of TR36.894, the example of NeedForSmallGaps signalling in TS 36.331 is shown in table 2 to indicate the UE capability of small gap. The rest of the works are mainly focus on RAN2 for signalling study.
Table 2: Example of signalling of small gaps

	
	NeedfForGaps and NeedForSmallGaps corresponding to each band

	
	A
	B
	C
	D

	Band combinations
(corresponding to 
TS 36.331)
	A+B
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No

	
	A+C
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No

	
	A+D
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No

	
	
…
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No
	NeedForGaps: Yes/No
NeedForSmallGaps: Yes/No


Proposal 6: Send LS to RAN2 for signalling study of network configured small cell.  RAN4 could focus on gapOffset and new gap pattern design for NCSG
5 Conclusion
This contribution discusses on solutions to gap enhancements.

Observation 1:  Short MGL impacts measurement accuracy and measurement efficiency for some UE implementation.
Proposal 1: Study gapOffset per CC to enable network configuring short MGL to synchronous CC and NCSG.  

Proposal 2: Study slot level (0.5ms) resolution of gapOffset configuration to allow PSS and SSS within the same 1ms for TDD system.  

Proposal 3: Study the gain, cost and UE complexity in order to determine the exact value of short MGL.
Proposal 4: Study the new gap pattern 2 “Burst gap pattern” in TR36.894 for per-CC based measurement gap configurations.  
Observation 2:  Both Short MGL and NCSG require to define per CC based gap offset and new gap pattern. 
Proposal 5: Study gapOffset and new gap pattern per CC to enable both short MGL and NCSG.  The exact NCSG gap configuration procedure should consider UE implementation and UE capability.
Proposal 6: Send LS to RAN2 for signalling study of network configured small cell.  RAN4 could focus on gapOffset and new gap pattern design for NCSG
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