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1.  Introduction
In RAN4#75 meeting, there were discussions on measurement gap enhancement regarding measurement gap configuration for UE with multiple Rx chains and capable of CA [1-5]. A way forward [7] captured the agreements on measurement gap enhancement WI in the last meeting. 
· The benefit and feasibility of per Rx chain or per DL CC based measurement gap configuration can be further studied for UE with multiple Rx chains architecture.

· The configurations include the case where no measurement gap is configured for one or more than one Rx chains. 

· It is FFS how the measurement objects can be configured (e.g. per Rx, or Per DL CC, or per UE)

· Strive to define unified measurement gap configurations for both sync and async networks. 

· Dedicated measurement gap configurations can be defined for synchronous networks only, if enough gain is justified 

· Study of MGL reduction for asynchronous network is not precluded.

· Study of burst gap pattern/periodical gap suspension is not precluded

· Study of reduced Gap impact on UL scheduling is not precluded

In this paper we provide our views on how to configure enhanced measurement gap for UE with multiple Rx chains.
2. Discussion
The measurement gap is configured per UE in current spec which is not efficient for CA capable UE with multiple Rx chains. It was proposed to study the feasibility and benefit per Rx chain or per DL CC based measurement gap configuration for CA capable UE. First of all, in order for eNB to configure per Rx chain or per DL CC based measurement gap, eNB must have knowledge of UE RF architecture, i.e. Rx chain numbers and which band(s) are equipped on a given Rx chain. Then with knowledge eNB can make better use of the UE RF architecture by configuring measurement gap on certain Rx chain or multiple gaps on several Rx chains (through mapping DL CC to Rx chain). 
1. How eNB knows the UE RF architecture?
Option 1: Using current existing signaling
Option 2: Defining new signaling to indicate eNB the RF architecture of UE.
Currently, UE capability parameters and the Feature Group Indicators for mandatory features needs to signalled to the network by using IE UE-EUTRA-Capability. One field is used to indicate that if gaps are needed for inter-frequency and/or inter-RAT measurement.
In TS 36.306, the explanation of interFreqNeedForGaps and interRAT-NeedForGaps are as following.
interFreqNeedForGaps and interRAT-NeedForGaps

These fields define for each supported E-UTRA band whether measurement gaps are required to perform inter-frequency measurements on each supported E-UTRA radio frequency band and inter-RAT measurements on each supported RAT/band combination. A UE also indicates for each band combination as in the supportedBandCombination whether measurement gaps are required to perform inter-frequency measurements on each supported E-UTRA radio frequency band and inter-RAT measurements on each supported RAT/band combination.
In TS36.331, the description for interFreqNeedForGaps and interRAT-NeedForGaps are as following. 

	interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.
	-

	interRAT-NeedForGaps

Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.
	-


In this paper we focus on inter-frequency measurement, but in principle it also applies to inter-RAT measurement.
The information based on field interFreqNeedForGaps will give eNB enough knowledge of how the bands are implemented on different Rx chains. Suppose a UE RF architecture is as following.
	Rx Chain 1
	Rx Chain 2

	Band A
	Band B

	Band C
	Band E

	Band D
	


Figure 1 an example of UE RF architecture
In this example, the UE have two Rx chains with Band A, C and D on Rx Chain 1, Band B and E on Rx chain 2. It is further assumed that the UE supports Band A + Band B inter band CA and Band B + Band B intra band contiguous CA. Then the UE should signal eNB whether gaps are needed for inter frequency measurement under certain band or band combination as in Table 1.

Table 1 Gaps for inter frequency measurement
	interFreqNeedForGaps
	A
	B
	C
	D
	E

	A
	1
	0
	1
	1
	0

	B
	0
	1
	0
	0
	1

	C
	1
	0
	1
	1
	0

	D
	1
	0
	1
	1
	0

	E
	0
	1
	0
	0
	1

	A+B (inter-band)
	1
	1
	1
	1
	1

	B+B(intra-band contiguous)
	0
	1
	0
	0
	1


It can be seen from table 1 that due to Band A, C and D are on the same Rx chain the need for gaps are the same. In other words, to measurement inter frequency on Band A, C and C, if current working band is one of the Band A, C or D then gaps are needed and if current working band is Band B or E then no gaps are needed. Therefore it can be conclude that Band A, C and D are on the same Rx chain. In the same way it can also concluded that Band B and E are on the same Rx chain. It is also observed that if UE works under inter band CA (A+B) gaps are needed for all the inter frequency measurement. This implies that UE have 2 Rx chains. By this way eNB can know what bands are implemented on the same Rx chain and therefore knows the architecture of UE RF.
Based on above discussion, Option 1, i.e. using existing signaling is feasible for eNB to know the RF architecture of UE.
Regarding Option 2, new signaling need to be introduced to inform eNB what bands are implemented on which Rx chains. This will introduce extra signaling.
Observation 1: By using existing signalling eNB can derive UE RF architecture.
2. How eNB configure the measurement gap for CA capable UE with multiple Rx chains?

Option 1: Per DL CC
Option 1: Per Rx chain
When eNB has the knowledge of UE RF architecture, it can make use of the information to better configure measurement gaps when UE works under CA. 

For the example in Figure 1 and Table 2, suppose UE works under inter band CA (A+B) and CC1 is of Band A and CC2 is of Band B. If eNB want to configure UE to measure inter frequency on Band A, C or D, then eNB should indicate the measurement gap should applied to CC1 (or Rx chain 1), while eNB can still schedule the UE on CC2. On the other side, If eNB want to configure UE to measure inter frequency on Band B or E, then eNB should indicate the measurement gap should applied to CC2 (or Rx chain 2), while eNB can still schedule the UE on CC1. Obviously the measurement gaps can be bind to DL CC. Of course it can also be bind to Rx chains. In this case, both per DL CC and per Rx chain based method are work well.
Suppose UE works under intra band CA (B+B). CC1 and CC2 are the two component carries of Band B. If eNB want to configure UE to measure inter frequency on Band B or E, then eNB can indicate the measurement gap should applied to CC1 or CC2 or combination of them (or Rx chain 2). There was argument that if measurement gap is bind to one CC, then there will be confusion for the other CC. In our views, measurement gap enhancement is a new feature. If UE supports this feature, the UE behavior of supporting enhanced measurement gap configuration needs to be defined. When UE works under intra-band contiguous CA, if measurement gap is bind to any one of the CC there will not be any data transferred on all of other CCs of intra-band contiguous CA. Therefore this equivalent to the measurement gaps configuration based on Rx chain.
Based on above discussion, both per DL CC and Per Rx chain measurement gap configuration are feasible. If measurement gap configuration is per DL CC it can be directly linked to DL CC identifiers which can be known by eNB without introducing any signaling. However, if measurement gap configuration is per Rx chain new signaling should be introduced to let eNB know the Rx chains. 
Based on the discussion of previous part, there is no need to introduce any signaling to indicate eNB the UE RF architecture as it can be derived by using existing signaling. Therefore no extra signaling should be introduced for per Rx chain configuration as it also works well per DL CC configuration.
Observation 2: Both Per DL CC configuration and Per Rx chain configuration work well under CA scenarios, but per Rx chain configuration needs extra signaling to indicate eNB the implementation of Rx chains and how to label the Rx chains.
3. Conclusions
In this paper we provide our views on how to configure enhanced measurement gap for UE with multiple Rx chains. Observations are summarized as below.
Observation 1: By using existing signalling eNB can derive UE RF architecture.
Observation 2: Both Per DL CC configuration and Per Rx chain configuration work well under CA scenarios, but per Rx chain configuration needs extra signaling to indicate eNB the implementation of Rx chains and how to label the Rx chains.

Based on the observations following proposal is given.
Proposal 1: The enhanced inter-frequency measurement gap configuration is Per DL CC for CA capable UE with multiple Rx chains architecture. 
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