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Introduction
In previous RAN2 meeting in Orlando, proposals for synchronous HO were discussed. Based on the discussion three proposals for synch-HO were identified.

Proposal 1: Dedicated SR/CQI based procedure

Where the UE receives a dedicated SR/CQI channel configuration in the target cell with HO command. After receiving the HO command, the UE moves to the target cell and presence of the UE is informed to the target cell by transmitting a signal via the allocated dedicated SR/CQI channel. Accordingly, the target eNB allocates UL-SCH resources for the transmission of HO confirm message.

Proposal 2: Shared channel operation based procedure

Where no dedicated resources or shared resources in the target cell are allocated to the UE via HO command. After receiving the HO command, the UE moves to the target cell and wait for a UL grant allocated by the target cell via L1/L2 control channel. After receiving the UL grant, the UE transmits HO confirm message on the allocated UL-SCH resources. The time to schedule the UE for the delivery of HO confirm message is informed to the target eNB by the source eNB either using implicit signalling or explicit signalling. The UE scheduling in the target eNB triggered by the reception of forwarded data can be considered as implicit signalling.
Proposal 3: allocation of UL-SCH via HO command based procedure

Where the UE receives an allocation of UL-SCH resources in the target cell via HO command. After receiving the HO command, the UE moves to the target cell and transmits HO confirm message on the allocated UL-SCH resources.

In this paper, we compare the three different proposals listed above in terms of radio efficiency, resources required, size of the HO command message, interruption time, and handling of HO from UEs in long_DRX state.

2. Comparison of proposals

2.1 Principle of operation
The HO confirm message is transmitted on UL-SCH resources according to all three proposals. So the main difference of proposals is that how the UL-SCH resources are being granted to the UE for transmission of the HO confirm message. Proposal 1 uses two steps in allocating the UL-SCH resources to the UE. First the UE indicates its presence in the target cell and then the target eNB grants the UL-SCH resources. Proposal 1 is relies on the dedicated resources (in the form of SR/CQI channel resources) been allocated for the indication of the UE’s presence in the target cell.
According to Proposal 2 & 3, the UE is not required to inform its presence in the target cell. Hence no resources are required for this purpose. Proposal 2 relies on the UE arrival in the target cell is being informed by the source cell. Proposal 3 relies on the time of UE arrivals is being predicted at the target eNB. Advanced allocation of UL-SCH resources for HO confirm message is required according to Proposal 3. On the other hand, Proposal 2 does not require the allocation of UL-SCH resources in advanced hence may support more flexible scheduler operation.

In brief, Proposal 1 is based on the principle of dedicated resources been allocated for the purpose of HO, while proposal 2 & 3 are based on the shared channel resources during the HO.  
2.2 Benefits compared to the agreed HO procedure

The agreed HO procedure facilitates UE access in the target cell after handover via a non-synchronised RACH channel following a contention-based procedure or following a contention-free procedure if a dedicated RACH preamble is available. The HO access load contributes significantly to the total RACH load. 

In synchronous handover, the UE can gain UL time synchronization to the target cell prior to access hence avoid access via RACH in the target cell. Avoiding the HO access via RACH can reduce the RACH load significantly and this is always beneficial from the radio efficiency point of view. For example, as shown in [1], all NRT HO accesses are handled via a synchronous handover procedure, the total UL resources required for RACH can be reduced by 70% compared to the random access based HO and by 50% compared to the dedicated preamble access based HO.
	
	Contention-based RACH access is assumed for all accesses (as in Table 1)
	Contention-free RACH access is assumed for all HO accesses and mobile terminating RT calls (dedicated preamble allocation)
	NRT HO accesses are handled via synchronous handover procedure

	Required number of RACH channels
	10 RACHs
	6 RACHs
	3 RACHs

	Amount of UL resources required for RACH
	12.5% of UL resources
	7.5% of UL resources
	3.75%


Table 1: RACH UL resource requirement [1]

All three proposals reduce the amount of UL resources required for RACH. 

However, Proposal 1 requires UE access after HO on dedicated SR/CQI resources. This can be seen as a replacement of dedicated preamble based RACH access with access on SR/CQI resources. Even though, reduction on required UL resources for RCAH is seen, the SR/CQI channel resources should be dimensioned to account for the HO access users. 

Design of CQI channels are already being discussed in RAN1. According to the CQI channel structure agreed, maximum of 6 users can be scheduled in UL resources equivalent to 1 RB. However, maximum of 32 users can be scheduled in RACH UL resources equivalent to 1 RB. Therefore, the total UL resources saving due to the use of CQI channel for HO access is questionable.
The designed of SR channel structure is not yet finalised in RAN1. However, if we assume SR channel to be code based, the channel structure for SR channel may be similar to that of RACH channels with one exception of a guard band which is required for non-synchronous channel. The resource saving due to the use of SR channel for HO access should be further evaluated after the SR channel structure is finalised. However, from a brief calculation it can be seen that the reduction in UL resources due to the use of SR channel compared to RACH is not be significant.
Furthermore, allocation of dedicated CQI/SR resources in advanced may also result in waste of radio resources, in case the UE takes long time to access in the new cell.
2.3 Size of HO command
Proposal 1& 3 requires addition information to be transmitted on HO command compared to that of Proposal 2. The SR/CQI channel configuration in the target cell is required to be transmitted on HO command according Proposal 1. While, proposal 3 requires UL-SCH grant for HO confirm to be transmitted on HO command. Both cases, the size of HO command is increased due to the additional information. The increase size of the HO command may reduce the probability of UE receiving the HO command correctly. 

2.4 Resources required for transmission of HO confirm message

According to all three proposals, HO confirm message is transmitted on the scheduled resources of UL-SCH. Proposal 1&2 require one L1/L2 control channel resource for the UL grant and equal amount of resources on UL-SCH for the transmission of the message. Proposal 3 does not require the grant to be transmitted from the target cell via L1/L2 control channel. However, depending on the procedure follows, UL-SCH resources should be scheduled to allow for appropriate transmission timing of HO confirm message. 
2.5 HO Interruption time

HO interruption time (U-plane interruption) consists of four main components: (a) processing for synchronisation (b) time to inform the presence of the UE in the new cell, (c) time to send HO confirm message (d) time to scheduled data (e) data forwarding delay.

Interruption time in intra-eNB HO

For intra-eNB HO, data forwarding delay (e) can be ignored. The interruption delays according to three proposals for intra-eNB HO case can be calculated as shown in Figure 1.

[image: image1]
Figure 1: Interruption time calculation in intra-eNB HO

Interruption delay according to Proposal 1 = a+b+c+d
Under the assumption c> a,

Interruption delay according to Proposal 2 = c+d 

Interruption delay according to Proposal 3 = c+d

However, value of ‘c’ should take into account the worst case delay for the transmission of HO command message in Proposal 3. Hence ‘c’ according to Proposal 3 may be larger than the same for proposal 1 & 2.

Considering the interruption time in case of intra-eNB HO, Proposal 2 provides the minimum HO interruption time.
Interruption time in inter-eNB HO
According to the Stage 2 agreement, user data is forwarded from the source eNB to the target eNB in DL for as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied. Data forwarding is also required for the bearers supporting in–sequence delivery in the UL.
The interruption time seen according to the Proposal 1 is illustrated in Figure 2. 

The interruption time for DL according to Proposal 1 = maximum (a+b+c+d, e+d)
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Figure 2: Interruption time calculation in inter-eNB HO according to Proposal 1

The interruption time seen according to the Proposal 2 is illustrated in Figure 3. It is assumed that the allocation of the UL-SCH resources in the target cell is triggered by the arrival of the forwarded data at the target cell.

The interruption time for DL according to Proposal 2 = e+c+d
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Figure 3: Interruption time calculation in inter-eNB HO according to Proposal 2

If a+b+c+d <e+d, interruption seen in Proposal 2 is larger than that seen in Proposal 1 by value of c, which is the time required for delivery of HO confirm message to the target cell. 
If a+b+c+d > e+d, and a+b>e then Proposal 2 provides the minimum interruption time (difference is a+b-e). Otherwise, proposal 1 provides the minimum interruption time. 

The calculation above shows that the interruption time for both Proposal 1 & 2 is a function of delay over X2 interface in case data forwarding is taken place. 
The other operating scenario is where no data forwarding is taken place from the source eNB to target eNB. That is when no UL bearers are established which requires in-sequence delivery in UL. Even in this case, slight increase in interruption time may only be a problem for delay critical bearer services. In summary possible operating scenarios are:

1). Intra-eNB HO: Proposal 2 shows the minimum interruption time

2). Inter-eNB HO:

Note that according to the current agreement, SAE bearer QoS information is transferred to the target eNB via HO Request message to assist admission control by the target eNB. Based on the SAE bearer QoS information, HO procedure can be categorized as:

2.a) non-delay critical services


Slight increase in the interruption time does not have significant effect on the performance. Note that according to the analysis shown in [1], about 92% of the HO is resulted from NRT services.
	Number of UEs in the cell 
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000

	aRACH load (RT HO)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	8.8
	10.0
	11.3

	aRACH load (NRT HO)
	16.0
	31.9
	47.9
	63.9
	79.9
	95.8
	111.8
	127.8
	143.8


Table 2: RACH load estimations for a 10Mhz cell [extracted from 2]

2.b) delay critical services

2.b.1) with DL data transmission



Interruption time depends on the X2 interface delay in Proposal 1 & 2



2.b.2) with UL data transmission where in-sequence delivery is required.



Interruption time depends on the X2 interface delay in Proposal 1 & 2



2.b.c) with UL data transmission where no in-sequence delivery is required


Proposal 1 provides the minimum interruption time.
2.6 Handling of long_DRX UEs

The UE can be categorized into two modes depending on their activity level in LTE_Connected states: long_DRX and short_DRX (or continuous). There are very large (several thousands) UEs be in long_DRX while only about 200-400 UEs be in short_DRX or continuous reception mode. Handover is supported for UEs in RRC_Connected mode (i.e. both long_DRX and short_DRX). Considering that very larger number UEs will be in long_DRX, it may be anticipated that most HO may be resulted from UEs in long_DRX. 

CQI reporting assists the link adaptation on DL transmission. Hence the CQI reporting is only useful for UEs in active transmission. Similarly, dedicated SR resources should be allocated for the active UEs. Allocation of dedicated SR resources for non-active UEs results in waste of radio resources. Therefore, allowing dedicated CQI/SR channel for the use of HO access in the target cell (as in Proposal 1) seems as radio inefficient. If this is to be implemented, the CQI/SR resource space should be over-dimensioned to handle the HO users.
According to Proposal 2, in case the UE handover from long_DRX state, no CQI/SR channel need to be established and the UE can be sent to long_DRX immediately after the handover. Therefore, the dimension of CQI/SR space does not need to take long_DRX UEs in to account hence provides an efficient radio resource usage.

2.7 Effects on inter-cell interference

Proposal 1 follows two-step procedure of UE accessing the cell. First, presence of the UE is informed to the new cell. Secondly, HO confirm message is transmitted. Proposal 2 & 3 follow one-step procedure for UE access. Additional step in Proposal 1 may cause additional interference to the neighbouring cells. Note that the initial transmitting power on SR/CQI channel may not be accurate as the closed-loop power control may not yet be established. Even though, initial transmission energy may not cause interference in the same cell (due to orthoganality property), this may increase the inter-cell interference observed in neighbour cell due to lack of orthogonality between the signal structures used in the two cells. On the other hand, one-step procedure as in Proposal 2 & 3 may reduce the inter-cell interference observed in the neighbour cells. 
Based on the points discussed above, the three proposals are compared in Table 3.
	Criteria
	Proposal 1 
	Proposal 2 
	Proposal 3 

	Principle of operation
	Dedicated resources on CQI/SR channel
	Shared resources: allocation is transmitted by the target cell
	Shared resources: allocation is done in advanced and transmitted by the source cell

	Benefits compared to the agreed HO procedure
	Reduces the UL resources required for RACH

Increase the required resources by CQI/SR channel

Overall gain is questionable
	Reduces the UL resources required for RACH

Increase UL resources available for UL-SCH
	Reduces the UL resources required for RACH

Increase UL resources available for UL-SCH



	Size of HO command
	Increase to accommodate CQI/SR channel configuration
	Not increased
	Increase to accommodate scheduling grant for HO confirm

	Resources required to inform the presence of the UE in the target cell
	Dedicated CQI/SR channel resources
	None
	None

	Resources required for transmission of HO confirm message
	UL-SCH resources: amount of resources is equivalent to the size of HO confirm message
	UL-SCH resources: amount of resources is equivalent to the size of HO confirm message
	UL-SCH resources: resources should be scheduled to allow for appropriate transmission timing of HO confirm message 

	HO interruption time: Intra-eNB HO
	Moderate 
	Minimum 
	Moderate 

	HO Interruption time: inter-eNB HO for non-delay critical data
	Not provide significant selection criteria


	HO Interruption time: inter-eNB HO for delay critical data
	In case of data forwarding, the interruption time depends on the X2 interface delay

For bearers which do not require data forwarding (ie. UL bearers with in-sequence delivery is not required), this provides the minimum interruption time
	the interruption time depends on the X2 interface delay


	the interruption time depends on the X2 interface worst case delay



	Handling of long_DRX UEs
	Radio in-efficient
	Radio efficient 
	Efficiency depends on the resource allocation procedure on UL-SCH

	Effects on inter-cell interference
	Increase because of two-step cell access procedure
	Reduce because of one-step cell access procedure 
	Reduce because of one-step cell access procedure


Table 3: Comparison of synchronous HO proposals
Based on the comparison above, Proposal 2 provides the most radio efficient procedure due to:

· the reduction in UL resources required for RACH or SR/CQI channels, hence increases the resources available for UL-SCH. 
· the reduction of the size of the HO command
· radio efficient handling of HO form the UEs in long_DRX 

· reduction of inter-cell interference

Considering the HO interruption time, Proposal 2 provides the minimum interruption time in case of intra-eNB HO. In inter-eNB HO involving data forwarding, the interruption time depends on the delay over the X2 interface for both Proposal 1 & 2. Proposal 1 provides the minimum interruption time in the case where inter-eNB HO taking place with no data forwarding requirement (i.e. UL communication with bearers which do not require in-sequence delivery). 

Note that about 92% of the HO is resulted from NRT services, where the slight increase in the interruption time does not have significant effect on the performance. A portion of the HO which results from RT services may require data forwarding. In this case, the HO interruption time depends on the delay on X2 interface for both Proposal 1 and 2. Only in a small fraction of the total handover, Proposal 1 results in a lower interruption time than that of Proposal 2. 
3.


Conclusion

In this paper, we compared the three alternative proposals for synchronous HO procedure on a technical basis. Considering radio efficiency (increase of resources available for UL-SCH, reduction of the size of HO command, efficient handling of HO from the UEs in long_DRX and reduction of inter-cell interference) and the simplicity, Proposal 2 outperforms the other two proposals; hence it is preferable to select Proposal 2 for the synchronous HO procedure in LTE.
4.
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