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Introduction
In the last RAN2 meeting in Orlando, several proposals for synchronous handover in E-UTRAN were presented and discussed. Few companies questioned the benefits for synchronous handover on top of the agreed HO procedure and the agreed optimisation based on the dedicated preamble allocation. 

This contribution tries to address the question asked during the last meeting and discuss the benefits of a synchronous HO procedure compared to the agreed HO procedure.

2. Discussion
Stage 2 specification [1] captures the agreed intra-LTE 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.

During the HO preparation, target cell performs admission control. If the admission is allowed, target eNB reserves a C-RNTI and optionally a RACH preamble for the UE access in the target cell.

Quoting from [1],

“10.1.2.1.1
C-plane handling 
…..

5).
Admission Control may be performed by the target eNB dependent on the received SAE bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI and optionally a RACH preamble.”
Following the contention-based procedure, handover UEs access the new cell on a non-synchronous channel. The HO load contributes significantly to the total RACH load. Table 1 is extracted from [2]. The table shows the RACH load for different number of UEs in the cell. According to the RACH load analysis shown in Table 1[2], about 78% of the RACH load is caused by cell access after handover.
	Number of UEs in the cell 
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000

	aRACH load (Idle TAU)
	1.7
	3.3
	5.0
	6.7
	8.3
	10.0
	11.7
	13.3
	15.0

	aRACH load (RT)
	0.3
	0.6
	0.8
	1.1
	1.4
	1.7
	1.9
	2.2
	2.5

	aRACH load (NRT)
	2.8
	5.6
	8.3
	11.1
	13.9
	16.7
	19.4
	22.2
	25.0

	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

	Total aRACH load
	21.9
	43.9
	65.8
	87.8
	109.7
	131.7
	153.6
	175.6
	197.5


Table 1: RACH load estimations for a 10Mhz cell[2]
The use of dedicated preamble however could reduce the RACH load to be handled with random signature. For example as shown in [2], the RACH load to be handled with random signatures may be reduced by 50% by allowing contention-free access procedure for all handover accesses and mobile terminated RT traffic calls. However, this requires a large amount of load to be handled with dedicated signatures; hence a large number of signatures should be reserved for the allocation of dedicated accesses and this in-turn reduces the number of signatures available for non-handover purposes (increasing the collision probability for those).
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, all NRT HO accesses are handled via a synchronous handover procedure, the total RACH load can be calculated as shown in Table 2. This results in about 70% reduction in the total RACH load compared to the case where asynchronous handover is used for NRT HO access.
	Number of UEs in the cell  
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000

	aRACH load (Idle TAU)
	1.7
	3.3
	5.0
	6.7
	8.3
	10.0
	11.7
	13.3
	15.0

	aRACH load (RT)
	0.3
	0.6
	0.8
	1.1
	1.4
	1.7
	1.9
	2.2
	2.5

	aRACH load (NRT)
	2.8
	5.6
	8.3
	11.1
	13.9
	16.7
	19.4
	22.2
	25.0

	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) handled via sych HO
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Total aRACH load
	5.9
	12.0
	17.9
	23.9
	29.8
	35.9
	41.8
	47.8
	53.7


Table 2: RACH load estimations for a 10Mhz cell with NRT HO accesses are handled via synch HO

Based on the above results, the required number of RACH resources can be calculated as shown in Table 3. The calculation assumes that signature collision probability of 5*E-3 or less is required. Normal busy hour load is assumed in the calculation. Other assumptions are as same as ones used in [3]. Assuming 32 random IDs are available per RACH channel, the number of RACH resources required is calculated.

	
	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 3: RACH UL resource requirement
The calculation clearly illustrates that the amount of UL resources required for RACH can be significantly reduced with use of synchronous handover. Further reduction in RACH resources can be achieved by allowing synchronous HO for all the HO accesses. 

Note that the above analysis is based on the RACH code resources and the collision probability of signature space. However, intercell interference impacts should also be considered in the PRACH load calculation. Even though the dedicated preamble allocation provides a contention-free code access, the UE still accesses the new cell by transmitting energy on the allocated preamble on PRACH. Due to the orthoganality properties of the signatures being used, this may not result interference to the other RACH accesses in the same cell. However, this will increase the inter-cell interference observed in neighbour cells due to the lack of orthogonality between the preambles used in one cell and the signal structures in use in the neighbour cell. Synchronous handover avoids the RACH access. Therefore, it minimises the effect on inter-cell interference due to the RACH access users.  

2.1 Signalling requirement for support of synchronous handover

Synchronous handover requires the UE to be UL time synchronous to the target cell prior to the access. The UE should be informed whether synchronous or asynchronous handover is applied. This may be signaled via the HO command. From the UE point of view, the UE should have the capability to gain UL time synchronization to the target cell. 
As a minimum, a value flag (on the HO command) to indicate the applicability of synchronous handover provides sufficient signaling to support synchronous handover in E-UTRAN. However this limits the applicability of synchronous handover to intra-eNB HO and inter-eNB HO in synchronous networks.
Depending on the selected/agreed procedure for synchronous handover and application scenario (eg. NRT services, RT services, intra-eNB, inter-eNB, synchronous network, asynchronous network) the required signaling to support synchronous handover should be identified.
3. Conclusion

Based on the analysis presented in this contribution, we conclude that synchronous handover provides significant reduction in required RACH resources and provides benefit from the radio efficiency point of view. Therefore, we request RAN2 to agree on synchronous handover procedure in addition to the asynchronous handover procedure for E-UTRAN. 
4.
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