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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1] that aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. It is worth noting that TR 36.881 [2] has captured two major options to reduce the interruption time: RACH-less handover and maintaining source eNB connection.

After the RAN2#95 meeting, RAN WG2 made a decision to proceed with two major solutions – RACH-less and make-before-break – as two independent functional mechanisms that can be even activated simultaneously by the network, whereupon a question on the applicability of the "make-before-break" solution to the inter-frequency scenario was also raised. During the RAN2#95bis meeting, several documents were contributed on this open issue [3-5]; however RAN WG2 did not reach any conclusion. 
In this discussion paper we present our further views on applicability of "make-before-break" enhancement to the inter-frequency case.
2
Inter-frequency enhanced handover
2.1 General considerations
One of the issues discussed during previous meetings is whether "make-before-break" handover enhancement can be applicable to the inter-frequency scenarios. From the network side perspective, the main line of argumentation can be same as for the RACH-less procedure: if a UE supports and if the network wants to use it in a certain use case, then it is up to the network. 
Proposal 1: Activation of the "make-before-break" enhancement for the inter-frequency case is up to the network decision, if supported by the UE.
From the UE implementation perspective, it should be noted that inter-frequency handover scenario can be classified further into intra-band and inter-band ones. So, even if a UE supports "make-before-break" in the intra-frequency case, it does not necessarily mean that the same functionality will be supported in all the inter-frequency cases, especially inter-band ones, as it may require at least additional testing efforts. 
Proposal 2: Consider a separate UE capability (on top of the baseline one) for the inter-frequency "make-before-break" enhancement.
Referring to the Proposal 2 above, one of the related questions is how the network can know that a UE with a Pcell configured at a certain frequency can perform enhanced handover to another frequency (in the same or a different band). Referring to proposals in [3-5], one potential approach is to assume that inter-frequency handover is feasible towards a band for which interFreqNeedForGaps is set to FALSE in the UE measurement capabilities. In other words, if a UE can perform measurements on a particular band without interruptions, then we can assume that the enhanced handover is also applicable. However, it must be noted that the enhanced handover is a different and more complex when compared to the measurement procedure. While for measurements a UE needs to receive and decode only PSS/SSS, in case of the enhanced handover a UE will keep its connection to the source while tuning and syncing RF towards the target to start receiving not only PSS/SSS but also the PDCCH channel. In other words, from the UE functional perspective the enhanced handover becomes very close to simultaneous reception of PDCCH from two different frequencies, even though this feature does not mandate a UE to exchange data over two different eNBs. 
To elaborate further on why it could be technically misleading to link enhanced handover capability to inter-frequency measurements without gaps, we present an exemplary UE carrier aggregation and measurement capabilities in Annex A, B, and C (taken from one of the commercial chipsets). As can be seen quite eloquently from Annex C, a UE may or may not need measurement gaps depending on its current configuration, which should not be confused with a UE capability to perform simultaneous data reception from two particular frequencies. As an example, if a UE is configured with band 3 or 7 in the single-carrier mode, then it can measure band 1 without gaps. However, if a UE is configured with intra-band carrier aggregation on band 3 or 7 (configurations #12-13 or #22-23), then a UE needs measurement gaps to measure band 1 as follows from Annex C (refer to same configurations #12-13 or #22-23). However, it does not mean that a UE cannot tune two RF chains to receive from band combinations (1,3) or (1,7) as the UE supports the corresponding carrier aggregation scenarios (refer to configurations #6-9 in Annex A).
Based on that, our view is that if the enhanced handover procedure is supported, then should be applicable only to those cases that are reported by a UE in its carrier aggregation capabilities.

Proposal 3: If supported by the UE, the inter-frequency "make-before-break" handover is applicable only for those scenarios when UE supports the corresponding carrier aggregation combination.

In the next section we elaborate further on the details of how we can re-use existing CA capabilities for the purpose of the enhanced inter-frequency handover.

2.2 Inter-frequency capability for the enhanced handover
As already mentioned in the previous section, the premise approach to decide when the inter-frequency enhanced handover can be applied is to rely upon the carrier aggregation capabilities. Indeed, if a UE indicates that it supports e.g. intra-band carrier aggregation, then it means that a UE has two RF chains that can be tuned by the UE to the corresponding band, and as a result a UE can keep one RF chain communicating to the source eNB, while another RF chain will be used for sync/tuning to the target. The same principle can be applied also to the inter-band inter-frequency case: if a UE supports inter-band carrier aggregation, then also inter-band enhanced handover can be supported.

To exemplify further our point, we present in Annex A a dump of the carrier aggregation capabilities taken from one of the commercial chipsets. As can be seen, this chipset supports the following scenarios:

1.
Single-carrier operation on bands 1,3,7,20,28,38 (configurations #0-5).

2.
Intra-band 2 component carrier contiguous carrier aggregations on bands 3 and 7 (configurations #12 and #22).

3.
Intra-band 2 component carrier non-contiguous carrier aggregation on bands 3 and 7 (configurations #13 and #23)

4.
Inter-band 2 component carrier aggregation over 2 bands (configurations #6-11 and #18-27)
5.
Inter-band 3 component carrier aggregation over 2 bands (configurations #14-17)

6.
Inter-band 3 component carrier aggregation over 3 bands (configurations #28-29)
It is important to emphasize that even though the chipset hardware supports in principle up to three component carrier aggregation, not all the combinations are indicated in the capability container. In fact, even intra-band two component carrier aggregation is possible only for bands 3 and 7, even though single carrier operations is supported for remaining bands 1,20,28 and 38. Since there could be various reasons for the hardware platform not to indicate certain combinations, we do also believe that there could be similar restrictions/considerations with regards to the make-before-break enhanced handover. At the same time, if a UE supports a certain carrier aggregation combination, it means that a UE has been tested for such a scenario and thus the enhanced mobility procedure can be also applicable.
Referring again to the UE capability container presented in Annex A, we could infer the following information:
1.
Since a UE supports (at least) 2CC intra-band non-contiguous operation on bands 3 and 7 (configurations #13 and #23), then if a UE is camped on either band 3 or 7, then the network can activate that enhanced mobility handover for the intra-band inter-frequency case. However, it shall not be activated if a UE is camped on bands 1, 20, 28, 38.

2.
Since a UE supports (at least) 2CC inter-band carrier aggregation for band pairs (1,3) (1,7) (1,20) (3,7) (3,20) (7,20) (7,28), then the network can also apply the enhanced mobility procedure for the inter-band inter-frequency case if a UE is camped on e.g. band 1 and is re-configured to band 7. However, since a UE does not support (1,28) band combination, the enhanced handover cannot be applied to this scenario.
As a summary, to understand whether the enhanced handover can or cannot be activated to a particular inter-frequency handover case, it would be enough to check UE two component carrier intra-band non-contiguous and inter-band carrier aggregation capabilities. 
2.3 Intra-frequency capability for the enhanced handover

Even though companies have been implicitly assuming that intra-frequency enhanced handover should be supported on all the frequency bands on which a UE can be configured at least with one component carrier, there could be same concerns as the for inter-frequency case. For a UE to exchange data with its source eNB and simultaneously perform RF sync/tuning to the target, two RF chains are ideally needed. Following same line of arguments as in the previous section, we can consider an approach when the intra-frequency enhanced handover is applicable only in those cases when a UE supports (at least) either 2CC intra-band contiguous or 2CC intra-band non-contiguous operation. Referring to Annex A, configurations #12-13 and #22-23 would indicate that intra-frequency enhanced handover can be applied only when a UE is on band 3 or 7, but not to remaining ones.
Proposal 4: Discuss whether the intra-frequency enhanced handover can be assumed in all the frequency bands that a UE supports, or only in those ones where a UE can use at least two component carriers.

3 Conclusion
In this discussion paper we have presented our further views on whether the "make-before-break" enhanced handover can be applicable to the inter-frequency case. As presented in the paper, there are already a lot of commercial UEs that support not only two but also three component carrier aggregation over two and three bands. As a UE has more than one RF chain, the second one can be used utilized for the inter-frequency scenarios. Nevertheless, an additional UE capability is anticipated.
Proposal 1: Activation of the "make-before-break" enhancement for the inter-frequency case is up to the network decision, if supported by the UE.

Proposal 2: Consider a separate UE capability (on top of the baseline one) for the inter-frequency "make-before-break" enhancement.
As a UE may rely upon different hardware platforms with different capabilities and restrictions, we would like to point out that even if a UE has the second RF chain (as can be inferred from its carrier aggregation capabilities), it is not possible to assume that a UE will support and/or be tested for all the possible combinations. To avoid complex capability signaling, we suggest that if a UE indicates support for the inter-frequency enhanced handover, then it will be supported only for those scenarios for which the UE has the corresponding carrier aggregation capability.
Proposal 3: If supported by the UE, the inter-frequency "make-before-break" handover is applicable only for those scenarios when UE supports the corresponding carrier aggregation combination.

Furthermore, RAN WG2 should also check (with help from other WGs) whether we can assume that the intra-frequency enhanced handover can be applicable to all the frequency bands that a UE supports.

Proposal 4: Discuss whether the intra-frequency enhanced handover can be assumed in all the frequency bands that a UE supports, or only in those ones where a UE can use at least two component carriers.
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Annex A: UE carrier aggregation capabilities
Table A-1: Summary of the UE carrier aggregation capabilities (40 different combinations)
	Config #
	Band 1
	Band 1 bandwidth class
	Band 2
	Band 2 bandwidth class
	Band 3
	Band 3 bandwidth class

	
	
	DL
	UL
	
	DL
	UL
	
	DL
	UL

	#0
	1
	a
	a
	
	
	
	
	
	

	#1
	3
	a
	a
	
	
	
	
	
	

	#2
	7
	a
	a
	
	
	
	
	
	

	#3
	20
	a
	a
	
	
	
	
	
	

	#4
	28
	a
	a
	
	
	
	
	
	

	#5
	38
	a
	a
	
	
	
	
	
	

	2CC intra-band contiguous CA combinations

	#12
	3
	c
	a
	
	
	
	
	
	

	#22
	7
	c
	a
	
	
	
	
	
	

	2CC intra-band non-contiguous CA combinations

	#13
	3
	a
	a
	3
	a
	
	
	
	

	#23
	7
	a
	a
	7
	a
	
	
	
	

	2CC inter-band CA combinations (over 2 bands)

	#6
	1
	a
	a
	3
	a
	
	
	
	

	#7
	1
	a
	
	3
	a
	a
	
	
	

	#8
	1
	a
	a
	7
	a
	
	
	
	

	#9
	1
	a
	
	7
	a
	a
	
	
	

	#10
	1
	a
	a
	20
	a
	
	
	
	

	#11
	1
	a
	
	20
	a
	a
	
	
	

	#18
	3
	a
	a
	7
	a
	
	
	
	

	#19
	3
	a
	
	7
	a
	a
	
	
	

	#20
	3
	a
	a
	20
	a
	
	
	
	

	#21
	3
	a
	
	20
	a
	a
	
	
	

	#24
	7
	a
	a
	20
	a
	
	
	
	

	#25
	7
	a
	
	20
	a
	a
	
	
	

	#26
	7
	a
	a
	28
	a
	
	
	
	

	#27
	7
	a
	
	28
	a
	a
	
	
	

	3CC inter-band CA combinations (over 2 bands)

	#14
	3
	a
	a
	7
	c
	
	
	
	

	#15
	3
	a
	
	7
	c
	a
	
	
	

	#16
	3
	c
	a
	7
	a
	
	
	
	

	#17
	3
	c
	
	7
	a
	a
	
	
	

	3CC inter-band CA combinations (over 3 bands)

	#28
	1
	a
	a
	3
	a
	
	7
	a
	

	#29
	1
	a
	
	3
	a
	a
	7
	a
	

	#30
	1
	a
	
	3
	a
	
	7
	a
	a

	#31
	1
	a
	a
	3
	a
	
	20
	a
	

	remaining 3DL CA combinations #32-39 are omitted for the sake of clarity


Annex B: UE single carrier measurement capabilities
Table B-1: Need for the measurement gaps for inter-frequency measurements

	Source band
	Target band for measurements

	
	1
	3
	7
	20
	28
	38

	1
	
	
	
	
	X
	X

	3
	
	
	
	
	X
	X

	7
	
	
	
	
	
	X

	20
	
	
	
	
	X
	X

	28
	X
	X
	
	X
	
	X

	38
	X
	X
	X
	X
	X
	X


Annex C: UE carrier aggregation measurement capabilities
Table C-1: Need for the measurement gaps for inter-frequency measurements
	Config #
	Target band for measurements

	
	1
	3
	7
	20
	28
	38

	#0
	
	
	
	
	X
	X

	#1
	
	
	
	
	X
	X

	#2
	
	
	
	
	
	X

	#3
	
	
	
	
	X
	X

	#4
	X
	X
	
	X
	
	X

	#5
	X
	X
	X
	X
	X
	X

	2CC intra-band contiguous CA combinations

	#12
	X
	X
	X
	X
	X
	X

	#22
	X
	X
	X
	X
	X
	X

	2CC intra-band non-contiguous CA combinations

	#13
	X
	X
	X
	X
	X
	X

	#23
	X
	X
	X
	X
	X
	X

	2CC inter-band CA combinations (over 2 bands)

	#6
	X
	X
	
	
	X
	X

	#7
	X
	X
	
	
	X
	X

	#8
	X
	
	X
	X
	X
	X

	#9
	X
	
	X
	X
	X
	X

	#10
	X
	
	X
	X
	X
	X

	#11
	X
	
	X
	X
	X
	X

	#18
	
	X
	X
	
	
	X

	#19
	
	X
	X
	
	
	X

	#20
	
	X
	
	X
	X
	X

	#21
	
	X
	
	X
	X
	X

	#24
	X
	
	X
	X
	X
	X

	#25
	X
	
	X
	X
	X
	X

	#26
	X
	X
	X
	X
	X
	X

	#27
	X
	X
	X
	X
	X
	X

	3CC inter-band CA combinations (over 2 bands)

	#14
	X
	X
	X
	X
	X
	X

	#15
	X
	X
	X
	X
	X
	X

	#16
	X
	X
	X
	X
	X
	X

	#17
	X
	X
	X
	X
	X
	X

	3CC inter-band CA combinations (over 3 bands)

	remaining measurement capabilities for 3DL CA combinations #28-39 are omitted for the sake of clarity

	
	
	
	
	
	
	


