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1 [bookmark: _GoBack]	Introduction
In last RAN4#75, good progress has been made. For CA/DC capable UE where multiple Rx chains are implemented, it was agreed [1]

· 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)
· Network controlled small gap (NCSG) and/or measurement gap (e.g. legacy 6ms gap) can be configured
· NCSG is primarily used to reduce the Ack/Nack missing rate due to PCell/SCell/PSCell interruption
· Measurement gap is primarily used for inter-frequency and inter-RAT measurement and can also be used to control the interruption
· Interruptions caused by deactivated SCell measurement, intra-band inter-frequency measurement, inter-band inter-frequency measurement, and inter-RAT measurement may be considered
· The parameters for small gap are FFS

In this contribution, the single RFIC related measurement gap enhancement is further discussed. 
2 	Single RF-IC implementation and interruption
Single RF-IC is generally implemented as a multi-com and CA capable solution on the same die. This highly integrated RFIC features an integrated fractional-N synthesizer, integrated LNA and PA drivers. And, the corresponding cost, power consumption and area can be significantly reduced in comparison to discrete solutions. Due to the non-ideal isolation between the Rx chains of different component carriers in CA and DC, interruption is observed. In Rel-12, PCell interruption has been well discussed. It has been agreed that 1ms and 5ms of interruption in case of inter-band and intra-band CA are allowed in case of necessity. The benefit to allow interruption for certain scenarios (e.g. deactivated SCell measurement) has been also realized. However, since interruption is typically unknown to the network, the corresponding ACK/NACK missing rate also has non-trivial impact on the network performance. This issue has been investigated in some studies, aiming to make interruption visible to the network . Nevertheless, it is still subject to further investigation from implementation flexibility and compatibility perspectives.

3 	Measurement gap configurations for CA/DC capable UE
 As shown in [2], UE will face up to 25% throughput degradation (i.e. 10 subframes per 40ms) in the worst case with the existing measurement gap and a MGRP of 40ms. Out of the 10 impacted subframes, 6 subframes are occupied per measurement gap where UE loses the scheduling opportunity for both UL transmission and DL reception. Another 4 subframes are affected by missing the Ack/Nack due to the measurement gap. With the introduction of CA, extra RF chains become available at UE. It is therefore possible to distribute the measurement gap among different RF chains. In this case, UE can potentially reduce the throughput degradation by increasing scheduling opportunity.

As pointed out in [3], for the occasions where the measurement gap is configured for one CC but not the other, short gap [2] can be introduced on the CC where no measurement gap is configured to accommodate the interruption. Since the short gap is known at both NW and UE, there is no issue on Ack/Nack missing rate since there is no DL/UL transmission and receiving expected.  

To take advantage of per Rx chain based measurement gap scheduling, more flexible measurement gap configurations are needed. For example, sparse measurement gap pattern should be supported and UE should have flexibility to configure no measurement gap. Table 1 gives an example how the existing measurement gap configuration table can be expended. 

Table 1:  An example of expended measurement gap configuration table
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period
(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	6
	240
	10

	3
	No measurement gap configured



Proposal 1: the existing measurement gap configuration table should be expended to include sparse measurement gap patterns. These can be used to support per Rx chain based measurement gap configuration flexibly.

In this case, each activated CC can be configured with different gap pattern ID independently. When different gap pattern IDs are configured, it happens for certain occasions that the measurement gap is configured for one CC but not the other. Since the gap patterns and their positions for difference CC are known at both UE and NW, there is no need to explicitly indicate the location of short gap. Figure 2 illustrates how small gap occasion can be implicitly determined. However, it should be clarified in the spec that UE is not expected to transmit and receive data during the short gap.

Proposal 2: With per Rx chain based measurement gap configuration, the location of short gap can be implicitly indicated. Therefore, no explicit signalling is needed. However, it should be clarified in the spec that UE is not expected to transmit and receive data during the short gap.
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Figure 2: Illustration on when small gap is configured
Moreover, it is also possible to use the unused or deactivated Rx chain(s) for measurement. This may save a lot of scheduling opportunity for the activated Rx chains. Subject to interruption rate limitation, the current spec does not prevent UE from doing so. To avoid interruption across Rx chains, the measurement on deactivated/unused Rx chain can be done in parallel to activated Rx chain reception and use either activated Rx chain’s gap or DRX off period. However, it is questionable how measurement can be done in unused/deactivated Rx chain when there is no gap and DRX configured in activated Rx chain. There are two potential solutions. One is to configure a measurement gap configuration to at least one activated Rx chain. The other is to define a small gap only configuration for activated Rx chains. As an example, the small gap only configuration can be depicted in Figure 2 

 
Figure 2 An example of small gap only pattern
4 	Conclusion
In this contribution, our views on multiple measurement gap configuration for CA/DC capable UE with single RF-IC implementation are further elaborated. It is proposed

Proposal 1: the existing measurement gap configuration table should be expended to include sparse measurement gap patterns and the option UE can choose to schedule no measurement gaps. The expended measurement gap configures can be used to support per Rx chain based measurement gap configuration more flexibly.

Proposal 2: With per Rx chain based measurement gap configuration, the location of short gap can be implicitly indicated. Therefore, no explicit signalling is needed. However, it should be clarified in the spec that UE is not expected to transmit and receive data during the short gap.
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