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1
Introduction
In RAN#71 meeting, a new SID “Further mobility enhancements in LTE” was approved [1], and the following objectives were listed: 
· To study following aspects and specified identified solution(s) to minimize service interruption in mobility events for both ideal and non-ideal backhaul scenarios, including [RAN2/RAN3]:

· Make before break for mobility event e.g. handover in case of DC and CA or SCG change 
· Potentially down select between solution 1(RACH-less handover) and solution 2 (Maintaining Source eNB Connection during Handover) in section 8.3 of TR 36.881v050.

According to the WID objectives, some solutions already are provided during the email discussion after RAN2# 93bis meeting. To subsequently down select the final solution, some considerations need to be clarified. In this paper, we provide some observations and proposals.
2
Discussion
· In complexity and specification impact aspect
8 options for make-before-break solution are captured during the email discussion [2]. To support simultaneous transmission/reception towards source/target eNB, each radio bearer in the UE side needs to establish two sets of protocol entity. Furthermore, PDCP layer needs to identify and use different security key to decrypt DL PDUs separately from source/target eNB as well as maintain the uniform PDCP serial number across the two eNBs. Therefore, the existing PDCP layer should be divided into two sub-layers, as proposed in option 7. Apparently the option brings great impact to the existing specification. Also for option 5, to support simultaneous transmission/reception towards two SeNBs, at first the SCG bearer in source SeNB is configured to SCG split bearer, then in target SeNB again it is reconfigured back to SCG bearer, so that the RRC reconfiguration procedure  are performed twice via air interface. Thus the solution is relatively complicated. 
Similar issues can be found in option 3 and option 6(3) in spite of no description in email report.
Observation 1: The option 3/5/7 and option 6(3) respectively have higher complexity in implementation and more impact on existing specification, further evaluation would be required.
· In UE capability aspect
According to the email discussion, UE capability is classified as the following categories:
· Category A: No simultaneous Rx/Tx from another intra-frequency cell. Option 2b, Option 4b, Option 6(0)

· Category B: No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell. Option 1/2a/4a/Option 6(1)

· Category C: Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 3b/6(2)
· Category D: Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 3a/5/7/8/Option 6(3)

All the option 3a/5/7/8/option 6(3) require UE to have ability supporting to transmit UL data in more than two chains, especially for SeNB change case, the UE should have ability to transmit UL data in three chains (not considering TDM mode) . Therefore from the UE capability point of view, these options have higher requirements and then the proposal from RAN4 suggestions would be helpful.

Observation 2: The option 3a/5/7/8 and option 6(3) have higher requirements for UE capability, so the RAN4 suggestions would be helpful.
· In mobility performance aspect
Based on the email report [2], the interruption times for various options are summarized as below table:
	Options
	The interruption time 

	Option 1
	14.5ms

	Option 2
	14.5ms/34.5ms（no simultaneous reception）

	Option 3
	6 ms

	Option 4
	6 ms + Time pre-scheduled/26ms + Time pre-scheduled（no simultaneous reception）

	Option 5
	0ms

	Option 6
	HO of SC/DC
	Case 0: 34.5ms
Case I: 14.5ms
Case II: 6ms
Case III: 0ms

	
	SeNB change
	Case 0: 28.5ms
Case I: 8.5ms
Case II/ III: 0ms

	Option 7
	0ms

	Option 8
	0ms


According to the above table, it can be concluded that the solutions supporting simultaneous transmitting and receiving towards source/target eNB have minimal interruption time over air interface (0 ms). In this aspect, the option 5, 7 have obvious effect due to using mechanism like DC split bearer. 
Observation 3: The option 5/7/8 and option 6 (case III for HO, case II/ III for SeNB change) have minimal interruption time over air interface (0 ms).
· In data forwarding aspect

According to analysis in [3], only enhancement in the air interface has no gain or limited gain on reducing service interruption without considering enhancement in network side. For the options listed in email report, the data forwarding mechanism exist the following several categories:
· Category 1: data forwarding starts before sending RACH. Option 1, 5, Option 6(case 0 and I)
· Category 2: data forwarding starts before sending HO complete and after receiving UL grant. Option 2, Option 6(case II)
· Category 3: data forwarding starts after receipt of HO complete. Option 3,4, 7, Option 6(case III)

Based on the above table, for example, with the option 1, the interruption time saving via Uu during handover is about 35ms, also inter-node delay via X2 interface in general is below 60ms (according to the previous discussion of DC, the largest delay via non ideal backhaul is about 60ms). Then for the category 1/2 (except for option 5), the total interruption time during handover depends on the difference between the maximum value of the X2 delay & 49.5ms and the interruption time saving via Uu. However, for the third category, the total interruption time during handover equals to the value of the interruption time via Uu plus at least the 2*X2 delay, for example, with option 3/4, after receiving the handover complete message, the target needs to notify the source side of beginning data forwarding. Then both the signal delay and the data delay should be included in the total interruption time. The worst case is for the SeNB change of 1A mode, in which the X2 signal delay routing through MeNB should still be considered, i.e, 3* X2 delay should be included.
In addition, for option 5/7, the similar mechanism as split bearer is used. Despite the interruption over Uu is not shown, at the beginning of splitting the delay of the data packets through non ideal backhaul will be reflected in PDCP reordering window, i.e, the interruption would affect the TCP throughput of the UE.
Observation 4: The actual service interrupt time should include X2 delay, and the proposal from RAN3 should be considered.
Based on the analysis above, in order to down select the final solution, in addition to taking into the total interruption performance account, but also need to consider the complexity, UE capacity and X2 data forwarding delay.
Proposal : To down select the final solution, in addition to taking into the total interruption performance account, the complexity, UE capacity and X2 data forwarding delay also should be considered.
3
Conclusion
In this document, we discuss the mobility enhancement issues based on the result of email report, and provide some observations and proposals as below:
Observation 1: The option 3/5/7 and option 6(3) respectively have higher complexity in implementation and more impact on existing specification, further evaluation would be required.
Observation 2: The option 3a/5/7/8 and option 6(3) have higher requirements for UE capability, so the RAN4 suggestions would be helpful.

Observation 3: The option 5/7/8 and option 6 (case III for HO, case II/ III for SeNB change) have minimal interruption time over air interface (0 ms).
Observation 4: The actual service interrupt time should include X2 delay, and the proposal from RAN3 should be considered.
Proposal : To down select the final solution, in addition to taking into the total interruption performance account, the complexity, UE capacity and X2 data forwarding delay also should be considered.
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