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1. Introduction
RAN2 has discussed the HO related issues in Relay Node (RN) networks such as HO procedure, HO scenarios, or data forwarding. Considering couple of RNs is deployed in the donor eNB (DeNB), and also multi-hop RN network might be deployed, it is likely that the HO among RNs which are deployed in different DeNBs happens frequently. In this case, the HO interruption time is expected to be longer than the delay requirement specified in ITU-R and such a long HO interruption time gives negative impacts on the UE performance.
In this contribution, we would like to analyze the HO interruption time and propose to discuss whether the requirement shall be applied to the HO in RN networks.
2. Discussions
In Section 2.1, we review the delay requirement in ITU-R and show the analysis in TR36.912. In Section 2.2, we analyze the HO interruption time among single-hop RN networks.
2.1. Delay Requirement (ITU-R) and Delay Analysis (TR36.912)
Table 1 shows the HO interruption time in ITU-R requirement Section 4.7[1]. In the requirement, the HO interruption time is defined as the time duration during which a user terminal cannot exchange user plane packets with any base station. In addition, the requirement describes that the IMT-Advanced proposal shall be able to support handover interruption time.
Table 1: ITU-R requirement on HO interruption time
	Handover Type
	Interruption Time (ms)

	Intra-frequency
	27.5

	Inter-frequency

- within a spectrum band

- between spectrum bands
	40

60


The following figure and table shows the analysis on HO interruption time described in TR36.912 already submitted to ITU-R [2].
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Figure 1: HO procedure in LTE-A in TR36.912
Table 2: Delay analysis on the HO interruption time in TS36.912
	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data
	1

	Total delay (HO interruption time)
	10.5


In the above requirement and delay analysis, there are no restrictions on the network deployment such as the introduction of RNs so that we believe the ITU requirement shall be applied to the HO in RN networks. The most important part of TR36.312 is that the RA procedure delay is dominant compared with the data forwarding delay so that the evaluation of the data forwarding delay is not needed.
2.2. Delay Analysis
Although the above analysis shows the HO interruption time in LTE-A meets the requirement specified in ITU-R, there seems to be some scenarios where the HO interruption time cannot meet the requirement depending on the RN deployment scenario. The following figures show the typical analysis on HO interruption time.
(Case 1) Data forwarding is executed in HO
The HO procedure in this case is shown in Figure 2. The HO interruption time in the best time is defined as the summation of Components 4-6. That in the worst time is defined as the summation of Components 1-6. In this analysis, the UE is handed over from the source RN (RN_1) to the target RN (RN_2), i.e. handed over among single-hop RN networks as a typical scenario.
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Figure 2: HO procedure in single-hop RN networks (Case 1)
Table 3: Delay analysis on the HO interruption time (Case 1)
	Component
	Description
	Best Time [ms]
	Worst Time [ms]

	1
	Data forwarding of Next PDCP SDU over DL backhaul (Note 1)
	N/A
	1 - 10

	2
	Data forwarding of Next PDCP SDU over UL backhaul (Note 2)
	N/A
	4

	3
	Data forwarding of Next PDCP SDU
	N/A
	5

	4
	RA procedure delay (See Table.2)
	7.5
	7.5

	5
	Data forwarding of Next PDCP SDU over DL backhaul (Note 1)
	1 - 10
	1 - 10

	6
	Transmission of Next PDCP SDU
	1
	1

	Total interruption time (HO interruption time)
	9.5 – 18.5
	19.5 – 37.5


Note 1: We assume DL backhaul appears at least every 10 ms.
Note 2: We assume UL backhaul appears at 4th subframe after DL backhaul
(Case 2) Data forwarding is not executed in HO
The HO procedure in this case is shown in Figure.3. The HO interruption time is defined as the summation of Components 1-14.
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Fig.3: HO procedure in single-hop RN networks (Case 2)

Table 4: Delay analysis on the HO interruption time (Case 2)
	Component
	Description
	Time [ms]

	1-6
	Procedures in Table 2
	10.5

	7-8
	Transmission of HO complete (RRC Connection Reconfiguration Complete)
	2

	9
	Transmission of Pawh Switch message to the MME/SGW over UL backhaul (Note 2)
	1-10

	10-11
	Transmission of Path SW message and Processing time
	5

	12
	Transmission of Next PDCP SDU
	5

	13
	Transmission of Next PDCP SDU over DL backhaul (Note 1)
	1-10

	14
	Transmission of Next PDCP SDU
	1

	Total interruption time (HO interruption time)
	24.5 - 43.5


Note 1: We assume DL backhaul appears at least every 10 ms.

Note 2: We assume UL backhaul appears at 4th subframe after DL backhaul
In these cases, if we assume DL backhaul appears at least every 10 ms, the HO interruption time might not meet the requirement (27.5 ms). Although shorter configuration of the DL backhaul placement than the above is possible, it is dependent on the network configuration and should not force it to the Un interface. In addition, if the HO happens among multi-hop RN networks, even with such short DL backhaul placement, it is hard to meet ITU-R requirement because there are multiple Un interfaces and corresponding backhauls in multi-hop RN networks.

Therefore, we propose RAN2 should discuss whether the ITU-R requirement on HO interruption time shall be applied to RN networks or not. Even in the case when the above answer is “not applied to RN networks”, RAN2 should continue to study mechanisms to achieve short HO interruption time.
3. Conclusions
In this contribution, we investigate if the HO interruption time in RN networks can meet the ITU-R requirement (27.5ms). With our analysis, we showed that there are cases where the HO interruption time might not meet the ITU-R requirement, even in HO among single-hop RN networks. Therefore, we propose:
· Proposal 1: RAN2 should discuss whether the ITU-R requirement on HO interruption time shall be applied to RN networks or not.
· Proposal 2: Even in the case when the above answer is “not applied to RN networks”, RAN2 should continue to study mechanisms to achieve short HO interruption time.
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