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1. Introduction
In RAN #67, a SI on new/enhanced gap patterns was approved [1]. In RAN4#76 the possibility of configuring gaps per component carrier was briefly discussed in [3]. In this paper we further discuss this possible enhancement.
2. Discussion

One of the focus areas for the measurement gap SI is exploiting the multiple RF chains that CA capable UEs are equipped with. Since Rel.10 the measurement gap pattern was defined as common on all CCs (per UE). While the scheduling loss opportunity is not that big for a 2xCA UE, the losses become much higher (in absolute terms) when the UE is configured with a larger number of CCs. In [3] we briefly studied the possibility of configuring measurement gaps per CC. This enhancement can bring some attractive throughput benefits (up to ~20% with a large number of carriers) but there are some problems that have to be overcome in order to fully leverage it.

In [3] it was mentioned that the signaling for such a feature could be very complicated or the signaling overhead could be very high if the UE would have to signal all the gap dependencies for each CA combination supported. One way to address this problem could be by having the UE send a bitmap with all the bands where it needs or does not need gaps for each CC in a combo. An example is shown below in Table 1. The UE supports CA combination B1+B2+B3 and also other bands up to B10. In Table 1, ‘1’ shows that gaps are not needed while 0 shows that gaps are needed. 
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	-
	-
	-
	0
	1
	0
	1
	0
	0
	0

	B2
	-
	-
	-
	1
	0
	1
	1
	0
	0
	0

	B3
	-
	-
	-
	1
	1
	1
	1
	1
	0
	0


Table 1. Bitmap signaling for measurements without gaps per CC
To optimize further and reduce the overhead, the network could signal the UE which CA combinations it supports and the UE would signal the network the capabilities only for these combinations. In a different approach, the UE could signal the gap dependencies for a certain combination after it is configured with that combination. For example, the network configures the UE in CA combo B1+B2+B3, when the UE sends the RRC configuration complete message it also includes the gap dependencies for this combination(e.g. Table 1).
A different approach would be for the network to first configure the inter-frequencies where the UE is to perform measurements, the UE would reply by sending the gap dependencies and the network would configure the gaps based on these. With the above example, network configures the UE to perform measurements on B6 and B7, UE sends back to the network the columns in Table 1 corresponding to B6 and B7 and the network configures measurement gaps on the CC corresponding to either B2 or B3. 

Yet another approach would be for the network to configure measurement gaps on all carriers and UE responding back with the CCs where it needs/does not need gaps. The UE could inform the network on which carriers it needs gaps and the network could de-configure the gaps on the carriers on which they are not needed. For the example above, the network could configure measurements on B6 and B7, the UE would respond that it needs gaps only on B2 or B3 and the network would de-configure the gaps on the CCs corresponding to B1 and B2. The overhead could be further reduced if the UE would autonomously pick the carriers on which it uses gaps based on some priority mechanism.
As shown above, we believe that the signaling problem could be solved in a way to optimize the signaling overhead while maintaining enough flexibility. The actual details should be left to RAN2.

Furthermore, the handling of UL feedback(ACK/NAK, CQI, etc) in case a CC with UL configured needs gaps needs to be specified.

In [2] it was pointed out that the RF feasibility of such a feature should also be studied. Depending on inter-modulation products or interference coming from other RF chains, the measurements could become inaccurate. This problem is mostly related to the UE RF implementation and the performance of the RF components. As such, we believe it should be left to the UE implementation as long as the UE can meet the measurement accuracy requirements. 
Considering the above, we propose that RAN4 considers enabling measurement gaps only on a component carrier or on a subset of component carriers.
3. Conclusion
In this paper we further analysed how to enable measurement gaps per CC or on a subset of CCs for CA capable UEs. We provided some possible solutions and shown that the signaling for this feature is feasible. However, this issues should be studied further by RAN2.
The RF aspects can be left to UE implementation as long as the measurement accuracy requirements are met.
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