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1 Introduction 
In section 16.5 the handover interruption time is estimated to be 10.5ms and it is claimed that both for intra-frequency, inter-frequency within band and inter-band. The existence of the interruption time is mainly because the processing in control plane & user plane and handover execution i.e. one RACH procedure has to be in sequence. In Rel10 now it is possible for UE to communicate with several carrier at the same time. This paper try to figure out the possibility of parallel handover execution and the possible impacts on specifications.
2 Discussion
Interruption time in section 16.5 [1] is quite ideal. For example the periodicity of the PRACH is set as 1ms. In real field not every cell will have such dense PRACH configuration. And only contention-free RACH procedure is mentioned. Some time when dedicated preamble run out contention-based RACH procedure also have to be considered. And the interruption time in section 16.5 [1] is only part of the real interruption in user plane because user plane has already reset before message 3 is delivered to low layer from RRC.
Actually the key handover performance is the real interruption time in user plane. Here is the execution sequence of handover in pre-R10:
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Figure 2-1

After UE receive handover command message in control plane T304 is started. RACH procedure is started when new configuration and applied in control plane and MAC/RLC/PDCP is reset in user plane. The order of the control plane and user plane is kind of implementation issue however the total procedure is limited by T304. And user plane is actually interrupted when either new configuration is applied or user plane is reset. So from the above analysis we can see that real interruption time is more than what is claimed in section 16.5 [1].
2.1 Parallel handover execution and its gain
In pre-R10 we have to live up with interruption time due to UE’s single carrier capability. In Rel10 however something new is introduced for UE’s capability. There are 3 scenarios in terms of band combination i.e. intra-band contiguous CC, intra-band non contiguous CC and inter-band contiguous CC. In section 11.3.2 and 11.3.3 transmitter/receive characteristics are defined correspondingly (Annex 1). So for UE capable multiple transmitter and receiver following parallel handover execution is possible:
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In Figure 2.1-a UE is communicating with source cell which has two CCs. When handover is triggered then target cell in yellow send handover command to UE (Figure 2.1-b). After receiving handover command message UE stop uplink CC corresponding to CC2 of source cell and start a RACH procedure with CC1 of target cell. Once RACH procedure is done i.e. handover is completed UE adopted new configuration and reset user plane and start to communication with target cell. When all the procedures are running in Figure 2.1-b UE keeps communicating with source cell with one less uplink carrier which is running RACH procedure with target cell.
The user plane is only interrupted when PDCP/RLC/MAC is reset when RACH procedure is finished successfully. So the interruption in user plane is reduced to the minimum i.e. the processing time to reset user plane and adopt the new configuration. 
2.2 Feasibility investigation

If target base station is synchronized with source based station then it is our understanding even UE is capable of only one pair of transmitter/receiver it is still feasible for UE to run RACH procedure with target base station. Actually in this case from UE point of view there is no difference between a component carrier and a carrier in another base station if only RACH procedure is considered. What UE need to do is to assign one uplink carrier to run RACH procedure but not to transmit in uplink in source cell. In order to avoid wrong scheduling source eNB also has to know which uplink carrier is assigned for handover execution.
Considering following 3 scenarios:

Scenario1: UE capable of multiple TX/RX pairs 
Scenario2: UE capable of only single  TX/RX pair while source cell and target cell is synchronized e.g. TDD networks
Scenairo3: UE capable of only single TX/RX pair while source cell and target cell is not synchronized

It seems only in scenario3 it is not feasible for scheme in section 2.1 if nothing is modified. However there is one module within UE which is used to search neighboring cell for measurement purpose. This module is able to synchronized with neighboring cell when UE did measurement.  So if limited functionality e.g. transmission of preamble and/or receiving message 3 can be implanted then for scenario 3 it is also feasible. 
2.3 Possible impact on specification

In Annex2 uplink protocol stack is cited from [1]. So far only HARQ is agreed as per CC functionality. It is our view that random access control should also be per CC functionality [2]. In this way pre-R10 random access control functionality can be reused completely. So the uplink protocol stack can be modeled as following figure:
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Figure 2.3-1 protocol stack model

The configuration is changed step by step as following:
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Figure 2.3-2

As depicted in figure 2.3-2, first all only the configuration of RACH/HARQ/L1 of the intended CC is changed for the target cell so this CC can start RACH procedure with target cell. Since PDCP/RLC/MAC COMMON and RACH/HARQ/L1 of the rest CCs are not changed so the user plane is not stopped. The uplink is however impacted due to one uplink CC is tuned to target cell. After RACH is finished successfully the all the rest part of the protocol stack is changed for the configuration of the target cell.

For the contention-based RACH procedure, in pre-R10 HO COMP is delivered as message 3. Since HO COMP is ciphered and IPed so if HO COMP is still delivered as message 3 the PDCP and RLC will be impacted. In order to achieve the result in figure 2.3-2 HO COMP is delayed to be as message5 i.e. a message sent immediately after contention is resolved.

The impact on specification foreseen is on interaction between RRC and RACH/HARQ as well as the handover execution sequence in RRC except for scenario 3 in section 2.2. For scenario 3 it is not clear how much impact will be on physical layer. It should be noticed that interaction between RRC and RACH/HARQ doesn’t need modify MAC specification but maybe be reflected in RRC specification. Another possible impact is the MAC reset procedure. It seems necessary to introduce partial  MAC reset i.e. MAC per CC part is reset.
All above is impact on UE. For the network, source eNB is supposed to assign candidate uplink carrier to run RACH procedure. While for target eNB it doesn’t know whether UE is still communicating with source eNB or not. So no impact on target eNB is foreseen.
3 Conclusion 
This document point out that interruption in user plane is more than what is evaluated in section 16.5 [1]. And in Rel10 it is possible to introduce parallel handover execution procedure to reduce the interruption in user plane to minimum. Feasibility of parallel handover execution and impact on specification is analyzed furthermore. And it is believed that  only the feasibility of scenario3 is questionable in physical layer. The main impact on UE is handover execution sequence, MAC reset procedure and interaction between RRC and MAC. While impact on eNB seems negligible. Based on above discussion we propose:
Proposal1: send one LS to RAN1 to ask for the feasibility of scenario1, 2 and 3

Proposal2: to discuss whether potential introduced complexity in higher layer is justified to introduce parallel handover execution to reduce the interruption on user plane to the minimum.
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Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios [1]
	Rx Characteristics

	Option 
	 Description (Rx architecture)
	Intra Band aggregation 
	Inter Band aggregation

	
	
	 Contiguous (CC) 
	Non contiguous (CC) 
	Non contiguous (CC) 

	A
	Single (RF + FFT + baseband) with BW>20MHz
	Yes
	 
	 

	B
	Multiple (RF + FFT + baseband) with BW≤20MHz
	Yes
	Yes
	Yes


Table 11.3.3.1-1: Possible UE Architecture for the three aggregation scenarios [1]

6 Annex2
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Figure 5.2.1-2: Layer 2 Structure for the UL
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