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Introduction
In the last RAN2 meeting in Athens, the discussion took place considering the need for synchronous handover in E-UTRAN. This paper further discusses the need for synchronous handover based on quantified benefits compared to the agreed RACH based asynchronous handover procedure and the agreed optimisation based on the dedicated preamble allocation.

2. Discussion
Performance gain in terms of reduction of RACH resources.

This section quantifies the performance gain of synchronous handover relative to the agreed asynchronous handover schemes (random preamble based RACH access and the dedicated preamble based RACH access). 

Simulation assumptions used are given in Annex A. The same simulation assumptions which were used in [1,2] are considered in the analysis. These were agreeable to the group (RAN2) as the basis for agreement on the dedicated preamble based RACH access scheme. 

In addition to that, as requested by NEC, the scenarios with different user speeds (moderate and slow) were evaluated. The performance corresponding to the average user speed is computed by assuming an equal number of UEs in high, medium and low speed.
The same collision probability model used [1,2] for the evaluation of dedicated preamble based scheme is used. 
It has been agreed in RAN1 to allow for only one RACH channel per subframe for FDD. In the case where a number of RACH channels are needed per radio frame, the RACH channels should be distributed in the time domain. 
Annex A presents the detailed description of the RACH channel configurations, simulation assumptions and traffic model.
Based on the analysis shown in Annex A, the required number of RACH resources can be calculated as shown in Table 1. The calculation assumes that a signature collision probability of 5*10-3 or less is required (as in [1,2]).  Table 1 shows the results for normal busy hour load with high UE mobility and average user mobility. 7000 users are assumed to be in a cell (as in [1,2]). The required number of RACH resources is calculated under the assumption that 64 preambles are available per RACH channel. 
	
	Random preamble-based RACH access is assumed for all accesses (case 1)
	Dedicated preamble-based access is assumed for all HO accesses (case 2)
	HO accesses are handled via synchronous handover procedure (case 3)

	RACH UL resource requirement when high user mobility is assumed
	10 RACHs
	7 RACHs
	6 RACHs

	RACH UL resource requirement when average of user mobilities is assumed
	7 RACHs
	6 RACHs
	5 RACHs


Table 1: Required number of RACH channels per 20ms period 
The calculation clearly illustrates that the amount of UL resources required for RACH can be significantly reduced with synchronous handover. In the high mobility scenario, a reduction of 4 RACHs per 20ms period is observed (40%) when compared to the random preamble based access. Compared to dedicated preamble based access, 1 RACH can be saved per 20ms period, equivalent to 14% reduction.

A reduction of 1 RACH per 20ms is achieved (17%) with the use of synchronous HO compared to the dedicated preamble based access even in a scenario where average user mobility is assumed. When compared to the random preamble based access, 2 RACHs can be saved per 20ms (28% reduction).

Note that the above analysis is based on normal operating scenarios, where HO access is assumed to be Poisson distributed. However, in special cases such as the “Bus Scenario”, HO access can not be assumed to follow a Poisson distribution. In this case, a very large number of UEs are required to be handed-over at the same time, hence potentially a very large number of HO accesses will occur in the target cell (all requiring RACH access at the same instance).  In this scenario, the reserved number of preambles for dedicated access may not be sufficient to handle all the HO accesses, hence increasing the contention on the RACH channel and thus increasing handover interruption time. Access on RACH channel is completely be eliminated with synchronous handover and the sudden increases of handover traffic (e.g. due to the “Bus scenario”) are easily handled.

Performance gain in terms of reduction of inter-cell interference
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 orthogonal properties of the signatures being used within a cell, this may not result in 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 used 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.  Analysis of this detrimental effect for the dedicated preamble case has not been provided by the proponents but would be of use in comparing the HO schemes.
Complexity analysis

Synchronous handover requires the UE to be UL time synchronous to the target cell prior to the access. The UE would need to be informed whether synchronous or asynchronous handover is applied. This could be signaled via the HO command. A value flag (on the HO command) to indicate the applicability of synchronous handover provides sufficient signaling to support synchronous handover in E-UTRAN. 

From the UE point of view, the UE would have the capability to gain UL time synchronization to the target cell. The UE calculates the timing advanced for the target cell based on the timing advance of the source cell and the timing difference of the received signals from the target and source cell, using the following simple equation.

TAtarget = TAsource + 2(t.

Where (t the relative timing difference between the target and source cell. This is the same mechanism used in UMTS-TDD network to calculate the timing advanced to the target cell after HO [TS 25.224]. 

Note that (t is zero in the case of intra-eNB HO.

The UE procedure to obtain the timing advanced to the target cell is therefore very simple. 

[image: image1]
Figure 1: A flow diagram of UE procedure for obtaining UL synchronisation

Figure 1 illustrates the UE procedure in obtaining UL synchronisation. Note that Step 1,2,3 and 4 should be performed by the UE regardless of whether synchronous HO is applied or not. Calculation of (t is performed in background after obtaining the DL synchronisation to the target cell.
3. Proposal
Based on the analysis presented in this contribution, we conclude that synchronous handover provides a significant benefit in terms of reduction in required RACH resources and reduction in inter-cell interference in normal traffic/operating scenarios. In addition, in certain traffic scenarios, e.g. the “Bus Scenario”, synchronous handover avoids increase in interruption time due to the contention on RACH by avoiding the UE accesses on RACH in the target cell.  
Only a 1 bit value flag to indicate the applicability of synchronous handover needs to be signaled within the HO command for the operation of synchronous handover in synchronous networks. The UE can obtain the UL synchronization to the target cell by simply adjusting the timing advance to the source cell with the addition of 2(t, where (t is the relative time difference between the target cell and the source cell.

The synchronous handover procedure may add some complexity to UE testing. However the benefits provided by the synchronous handover procedure outweigh complexity considerations. The following is quoted from TR 25.913, Requirements for Evolved UTRA and Evolved UTRAN:   
“7.6
Network synchronization
However optimizations based on inter-site time synchronization should be supported provided these bring sufficient benefits.”
Therefore, we request RAN2 to agree on synchronous handover procedure for synchronous networks in E-UTRAN.
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Annex

PRACH model:

As agreed by RAN1, there is one RACH per sub-frame. Although the use of several slot configurations has been proposed, there has not been much discussion on how to enable the different slot configuration for PRACH. RAN1 is trying to resolve this issue via an e-mail discussion. The below table (copied from the email discussion) captures the different slot configurations of the various proposals. 

Table 1: Proposed RACH slot configuration (RAN1 email discussion)
	RA slot configuration #
	RA period (sub-frames)
	Offset (sub-frames)

	0
	20
	0

	1
	20
	3

	2
	20
	6

	3
	10
	0

	4
	10
	3

	5
	10
	6

	6
	5
	0

	7
	5
	1

	8
	5
	2

	9
	3
	0

	10
	3
	1

	11
	3
	2

	12
	2
	0

	13
	2
	1

	14
	1
	0

	15
	reserved


Modeling of Probability of Collision: 

For estimating UE collision probability at certain RACH load the formula used by Samsung in [1,2] is used.
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Simulation assumptions:

Simulation assumption as being used by Samsung in [1,2] 

Table 2: simulation assumptions on traffic model [1,2]
	Transmission cause
	Number of attempts

	
	High speed UE (cell change interval is assumed to be 20s)
	Medium speed UE (cell change interval is assumed to be 80s)
	Low speed UE (cell change interval is assumed to be 800s)

	Initial access
	Tracking area update
	6 time/hour
	1.5 time/hour
	0.15 time/hour

	
	Number of real-time calls
	1 call/hour

	
	Number of non-real-time calls
	2 calls/hour1

	Handover complete
	RT service (the holding time is assumed to be 90s)
	4.5 times/call
	1.125 times/call
	0.1125 times/call

	
	NRT service (the sojourn time is assumed to be 300s)
	15 times/call
	3.75 times/call
	0.375 times/call

	HO Measurement
	RT service 
	0 times/call

	
	NRT service
	As shown in Approach2 (Appendix A of []) by Samsung

	UL scheduling request
	RT service (persistence scheduling is assumed)
	0 times/call

	
	NRT service  (under the assumption no dedicated scheduling request channels are configured) 
	4 times/call2


Note 1: 2 NRT calls/hour per UE is assumed. The UE downloads 5 WWW pages per call.
Note 2: if dedicated scheduling request channel is configured during the data transmission, then the RACH load due to the UL scheduling request is less than the number given here.
RACH load calculation: 
RACH load is calculated under the assumption that 7000 users in the cell that is the same assumption used by Samsung in [1,2]. Table 3 shows the RACH load due to Handover complete vs the total RACH load seen in a cell.
Table 3: RACH load calculation (RACH load per second is given)
	
	High speed UE
	Medium speed UE
	Low speed UE
	average

	RACH load due to HO complete 
	67.1 
	7.0
	0.7
	25.0

	Non-HO RACH load
	86.5
	77.7
	75.1
	79.7

	Total RACH load 
	153.6
	84.7
	75.8
	104.7


RACH load due to HO complete is calculated considering both RT and NRT services.
Calculation of amount of dedicated preambles required to handle HO complete:

It is assumed that RA response to be received by the UE within 10ms after transmitting a preamble. This is a reasonable assumption, given that round trip delay is around 8ms (transmission TTI,1ms + eNB processing, 3ms+ RA-response transmission TTI, 1ms+UE processing, 2ms). It is also assumed that Ntime indicator is signaled on HO command. Ntime is assumed to be 5, hence the UE would used the allocated dedicated preamble for maximum of 5 attempts. Note that this is the same assumption used by Samsung in [1,2]. Hence the same preamble should be reserved for the use by the UE for 5*M*10/20 RACH instances. Where M is the number of RACH instances in 20ms period. 
The RACH load by HO complete seen at a RACH instances can then be considered as:
Load seen at a RACH instance = 
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Where, X – load due to HO complete/second

M – number of RACH instances in 20ms

N – Ntime

Table 4: calculation of effective RACH load due to HO complete access when dedicated preamble is used
	
	High UE speed 
	Average UE speed

	Total RACH load due to HO complete
	67.1/sec
	25.0/sec

	RACH load due to HO complete @ RACH instance
	3.4
	1.3


It is assumed that the HO complete access distribution is Poisson distribution. Note that this assumption is not valid for HO occurrence in the “Bus Scenario”, where a larger number of users will be handing over at the same time.
It is assumed that the code blocking of dedicated preambles (probability of available dedicated preambles to be exhausted) is much less than the contention probability of random access. Note that the contention probability target of random access is assumed to be 5*10-3 in [1,2]. Thus, the code blocking probability of dedicated preambles is assumed to be less than 1*10-4. 

The required number of dedicated preambles, y, per RACH instance is can be calculated using the formula,
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Where G is the RACH load due to HO complete at a RACH instance.

Table 5: required number of dedicated preambles per RACH instance
	
	High speed UE
	average

	RACH load due to HO complete @ RACH instance
	3.4
	1.3

	The required number of dedicated preambles @ RACH instance
	12
	7


Calculation of effect of dedicated preambles to random access users:

The reservation of dedicated preambles reduces the preambles available for random selections, hence increases the collision probability of random access users. The effect of dedicated preambles on random access users can be calculated considering the same probability model with the number of preambles available for random accesses at a RACH instance.
For example, if 12 preambles are dedicated for HO complete access and assuming that a total of 64 preambles per PRACH, then 52 of the preambles are available for the random access users. Hence, the probability of collision seen by the random access users can be calculated by substituting the non-HO RACH load for G and the available number of preambles for L in equation (1).

RACH load calculation when synchronous HO is used:
With synchronous HO, the UE obtains the UL synchronization to the target cell prior to the access in the target cell, hence completely avoids the access on the RACH resources. Hence the total RACH load seen when using synchronous HO is:
Table 6: RACH load when synchronous HO is used
	
	High speed UE
	average

	Total RACH load
	86.5
	79.7


Performance comparison:

Graphs show the probability of collision vs the number of RACH instances in a 20ms period. The three lines correspond to: 
case 1). All the total RACH load including the HO complete accesses are handled with random access 
case 2). HO complete accesses are handled with a synchronous HO mechanism while avoiding the access in the target cell via RACH access.

case 3). All the HO complete accesses are handled with dedicated preambles based access 
Figure 1 corresponds to the high speed UE scenario, where the RACH loads are given in second column of Table 3. This corresponds to the same operating environment assumed in analysis by Samsung in [1,2] for the performance of dedicated preambles.

It is assumed that 5*10-3 collision probability is required. As shown in Figure 1:

Case 1, where all the RACH load is handled by the random preamble, requires 10 RACH subframes per 20ms period to achieve 5*10-3  of collision probability.

Case 3, where all the HO access load is handled by dedicated preambles, requires 7 RACH subframes per 20ms period to achieve 5*10-3 of collision probability.

Case 2, where synchronous HO is used, requires 6 RACH subframes per 20ms period to achieve 5*10-3 of collision probability.
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Figure 1: Probability of collision in high speed UE scenario
Figure 2 shows the performance considering the average UE speed, which is calculated assuming equal amount of high, medium and low speed UEs are present in the cell. The RACH loads are given by the last column of Table 3.

It is assumed that 5*10-3 collision probability is required. As shown in Figure 2:

Case 1, where all the RACH load is handled by the random preamble, requires 7 RACH subframes per 20ms period to achieve 5*10-3  of collision probability.

Case 3, where all the HO access load is handled by dedicated preambles, requires 6 RACH subframes per 20ms period to achieve 5*10-3 of collision probability.

Case 2, where synchronous HO is used, requires 5 RACH subframes per 20ms period to achieve 5*10-3 of collision probability.
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Figure 2: Probability of collision in average speed UE scenario
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5. Computation of   TAtarget = TAsource + 2(t.
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