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1 Introduction

This contribution discusses a number of aspects regarding the backward handover preparation: the use of dedicated resources for the initial access in the target cell, the use of a synchronous procedure and the use of pre-ranging.
In this paper, a number of handover schemes are compared w.r.t. the associated handover delay, U-plane interruption, required resources and the associated complexity. The results of our analysis suggest a scheme using:

· aRACH signatures dedicated to a specific handover i.e. no contention

· an asynchronous mechanism i.e. the aRACH-ds signatures are reserved for a limited number of aRACH occasions
2 Discussion

2.1 Contention and synchronicity
2.1.1 Introduction

In this section of the document we compare a subset of the handover schemes that have been proposed so far. We characterise the schemes based on the type of initial transmission in the target cell and the synchronicity of the handover:

· Initial transmission: contended or dedicated resource
· aRACH-cs: the UE randomly selects one of the common aRACH signatures. In case of a collision a backoff period (assumed to be 20ms on average, 30ms worst case) is applied, after which the UE issues a new attempt

· aRACH-ds: the eUTRAN allocates a specific aRACH signature i.e. it is dedicated to the handover of a specific UE 

· dRes: resources other than dedicated aRACH signatures are allocated for the handover related initial transmission in the target cell. It is assumed that such dedicated resources could be made available at any time i.e. delays due to waiting until a resource occation is available, as for the aRACH, are not applicable.
· Synchronicity: asynchronous or synchronous
· Asynchronous: the UE switches to the target cell immediately upon receiving the Handover command message

· Synchronous: the UE switches to the target cell at a pre-defined moment in time, the activation time

· The SFN in the target cell reaches the specified value (requires the UE to acquires the SFN of the target cell before handover)
· The SFN in the source cell reaches the specified value (requires the source ENB to obtain relative time difference between source and target cell, either via the UE or within eUTRAN)

It is possible to use dedicated resources for the initial UL transmission in combination with an asynchronous scheme; it implies that the dedicated resources are allocated for a certain dutarion e.g. aRACH-ds signatures are reserved for a limited number of aRACH occasions. This is costly, unless the resource is small and the duration is low.
Some companies also suggest that uplink synchronisation can be achieved without using the regular procedure. The regular procedure is that following reception of the handover command, the UE performs an initial transmission in the target cell upon which the eNB responds by indicating the UL timing advance. This aspect is discussed in a subsequent section on pre-ranging
2.1.2 Analysis
In our view, the following characteristics are important when evaluating the different handover proposals:

· Handover delay: the time between the handover trigger (e.g. the measurement report) and the completion of the handover

· U-plane interruption: the time between stopping user plane transceiving in the source cell and the starting it in the target cell

· Required resources: the radio resources required to perform the initial access in the target cell

· Complexity: the complexity involved with the procedure

Delays
W.r.t. the delays, the main differences inbetween the schemes are as follows:

· In the aRACH-cs scheme the UE experiences additional delays in case of a collision. The backoff period is assumed to be 20ms on average, 30ms worst case. Similar additional delays apply for the aRACH-ds scheme i.e. if there are more handover requests than available signatures the target eNB has to delay the preparation until the next slot or indicate that the UE should randomly select a common signature. However, for the aRACH-ds case it is ‘cheaper’ (lower resource cost), to design for (even) lower collision probabilities. Hence, for the aRACH-ds a value of 10ms is assumed for the worst case backoff period.
· In the aRACH schemes, there is a delay associated with waiting until a resource occasion is available for the initial transmission in the target cell. Assuming an aRACH occasion every 10ms, this delay is 5ms on average, 10ms worst case. In the dRes scheme there is no such delay

· In the synchronous schemes the activation time has to be set to a value that is high enough to be sure that the UE has received the handover command message in advance i.e. it has to assume the worst case X2 and radio interface delays. It is assumed that the X2 transfer delay is 4ms on average, 15ms worst case. It is also assumed that the required HARQ transmissions are 1.3 on average, 2 worst case. This means that the activation time has to be set to 15ms+ 6ms while the average transfer is only 4ms+ 2.5ms i.e. an increase in the average delay of 14.5ms.

It is assumed that the initial access procedures for handover are designed for a low collision probability i.e. less than 1%. In this case, the ‘collission case’ hardly contributes to the average delay i.e 1% of 20ms is only 0.2ms. The contribution to the worst case delay is however considerable e.g. 30ms for the aRACH case. For the aRACH-ds case this also applies, although a lower value for the worst case backoff period is assumed.

The handover delay is the time between the UE sending measurement report and the aGW receiving Handover complete. The schemes analysed only differ w.r.t. the handling from the transmission of the handover response from the tENB through the transfer of the Handover Complete on the radio (some sceme’s may not require an explicit ‘handover complete’). Hence, only this part of the handover delay is considered

The handover interruption time is the time between the UE stopping the UL transmission towards the sENB until the start of the UL transmission towards the tENB (The interruption time in UL and DL is assumed to be comparable; hence the UL is taken as reference).

Note
Our assumption is that also for the synchronous handover, DL transmission should not start in the target cell prior to successful reception the handover complete message i.e. not even transmission of forwarded packets

Resource use

As shown in [1], we may expect around 50 handovers/ s. The calculations in [2] have shown that to achieve a collision probability of 1% on the aRACH, 64 common signatures would be required at this handover rate.
In the asynchronous scheme, our assumption is that dedicated signatures (aRACH-ds) are allocated for a limited number of aRACH occasions e.g. 5. Our calculations show that 8 dedicated aRACH signatures are required to ensure the ‘blocking probability’ is less than 1%.

Note
Considering the expected delay variations on X2 and Uu, it is probably sufficient to reserve a the dedicated signature only for 3 or 4 aRACH occasions
When using a synchronous procedure, the signature only needs to be reserved for a single aRACH occasions. This will reduce the amount of resources further.
For the dRes schemes, it is assumed that 1.25 MHz bandwith is used i.e. 6 PRBs. These resources are assumed to be allocated instantly (to reduce delay) i.e. there is no collation of handover attempts. The implication of is that each handover requires 6 PRBs. Consequently, in case of an average handover rate of 50/s, on average 0.5 * 6 PRBs are used per 10ms. This is equivalent to 32 aRACH signatures.e.
Complexity

It is clear that the aRACH-cs scheme involves the lowest complexity. The aRACH-ds scheme is marginally more complex due to the allocation of dedicated signatures. The synchronous schemes involve the additional complexity associated with the time coordination between the two cells. In addition, the dRes scheme may involve an additional type of resource.

The results are summarised in section 2.3.

2.2 With use of pre-ranging/ early uplink synchronisation
2.2.1 Introduction

Different means to achieve early UL synchronisation in the target cell have been proposed, mainly to reduce the handover interruption time. The early UL synchronisation scheme is assumed to be used in conjunction with a synchronous handover procedure and operates as follows:
· Early uplink synchronisation is performed immediately pre-ceeding the handover i.e. in parallel to the handover preparation

· The target eNB assigns the timing advance value (and possibly other parameters) within the handover command message 
In our opinion, the following are the main options to consider for achieving early uplink synchronisation:
· The UE performs a pre-ranging transmission in the target cell

· The ‘pre-ranging transmission’ is on the aRACH, using a dedicated signature allocated by the source eNB. For each neighbouring cell the source eNB manages a small pool of dedicated resources). The signature uniquely identifies the UE in the target cell (and is also used in the handover request send by the source to the target eNB)
· This approach is considered because it avoids problems resulting from aRACH collisions at a limited additional resource cost

· The target eNB may be able to determine the UL timing based on an UL transmission in the source cell

· The source eNB provides information that facilitates the target eNB to detect an UL transmission of the concerned UE and to estimate the timing advance

We are not entirely clear about the complexities involved with the 2nd option i.e. what is needed for the target eNB to properly detect the transmission and to determine the UL timing based on this. Hence, only the 1st option is further considered in the following.

2.2.2 Analysis

Figure 1 provides a high level overview of the handover procedure, including the early UL synchronisation option discussed in the previous.
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Figure 1: Backward handover procedure, succesful
Figure 1 illustrates some of the properties of the pre-ranging scheme that were already mentioned in the previous:

· The source eNB commands the UE to perform the pre-ranging, the Uu preparation, by sending the HO preparation command. The concerned message includes the dedicated signature to be used. This signature may be reserved for one (synchronous pre-ranging) or several (asynchronous pre-ranging) aRACH occasions
· In parallel, the source enB initiates the regular handover preparation towards the target eNB i.e. the eUTRAN preparation

· At the activation time, the UE starts monitoring the associated control channel of the UL-SCH, to receive a grant for the Handover complete message i.e. a synchronous handover procedure is used
The scheme could be designed such that the target waits at most a certain time from receiving the ‘Handover request’. If the target eNB still has not received the ‘HO preparation response’ it will send the ‘Handover response’ to the source eNB not including a timing advance value. In such a case, the UE reverts back to the normal handover scheme.
Note:
The pre-ranging and handover would be more independent if the target eNB provides the timing advance via the Uu. This kind of approach would also allow for some more ‘parallelism’ 
Handover delays
As mentioned before, the Uu preparation (2a) signalling is performed in parallel to the eUTRAN preparation (2b) signalling. The delay is determined by the longer of the two i.e. the 2a signalling flow
· The delays of the 2a signalling flows is assumed to 8.5ms on average, 17ms worst case
· 2a1: Uu transfer delay of 2.5ms on average (with 1.3 HARQs) and 6ms worst case (2 HARQs)

· 2a2: delay to the next aRACH occasion & aRACH transfer delay: 6ms on average, 11ms worst case

· The delays of the 2b signalling flows concerns the regular X2 transfer delay of 4ms on average, 15ms worst case
Interruption time
The main objective of the pre-ranging is to reduce the interruption time. Hence, our assumption is that the UE somehow continues transmission/reception in the source cell until the actual handover. To facilitate the ‘pre-ranging’, a ‘transmission/reception gap’ is allocated, which is time-aligned with the aRACH occasion in the target cell. It is assumed that the required ‘gap’ is of limited duration i.e. in the order of 2.5ms (1ms RACH TTI, 2 inter-frequency switches of 0.5ms each, some margin) and hence does not affect the data transfer in the source cell.

Resource use

As mentioned before, the pre-ranging can either be synchronous or asynchronous. In the synchronous case, each of the 6 direct neigbours handles 1/6 th of the 50 handovers/ sec and allocates a dedicated signature for one aRACH slot. The asynchronous scheme is similar, except that that in this case the dedicated signatures is allocated for 5 aRACH occasions.

Complexity

Timing coordination is required:

· The activation time set by the target.

· To ensure that the transmission/ reception gaps for the pre-ranging are time-aligned with the aRACH occasions in the target cell
The results are summarised in section 2.3.

2.3 Evaluation
The following table summarises all results of the analysis. Further details about the delay value calculations are provided in 6. Further details about the resource calculations are provided in 7.
	Characteristic
	aRACH-cs, asyncronous
	aRACH-ds, asyncronous
	aRACH-ds, synchronous
	dRes, PDCCH based
	dRes, synchronous
	aRACH-ds*, asynchronous, pre-ranging, synchronous
	aRACH-ds*, synchronous, pre-ranging, synchronous

	Handover delay <Average/ worst case>
	22.2/ 75.0
	22.2/ 55.0
	36.7/ 55.0
	29.0/ 58.0
	31.5/ 35.0
	35.0/ 36.0
	38.5

	U-plane interruption <Average/ worst case>
	12.7/ 51.0
	12.7/ 31.0
	12.7/ 31.0
	18.0/ 32.5
	7.5/ 11.0
	5.0/ 8.5
	5.0/ 8.5

	Required resources
	64 (0.8% cp)

128 (0.4% cp)
	8 (0.4% cp)
	4 (0.2% cp)
	32
	32
	18 (0.9% cp)
	12 (0.2% cp)

	Additional complexity
	- (None)
	+ (low)

Allocation of aRACH-ds
	++ (Medium)

Time coordination (activation time)
	
	+++ (More sigificant)

Additional scheme (dRes)?

Time coordination (activation time)
	+++ (More sigificant)

Time coordination (activation time, pre-ranging gaps)
	+++ (More sigificant)

Time coordination (activation time, pre-ranging gaps)


Notes to the table: 





























cp= collision probability

1. In the ‘dedicated schemes’, it may be possible to avoid a separate handover complete message. This would reduce the delays 6.5/ 10ms
2. For some handover schemes, e.g. aRACH-ds, the relevance of the ‘worst case’ figures are negligible because it is easy and rather ‘cheap’ (i.e. requiring limited additional resources) to configure the E-UTRA for a low collision probability
3. The figures in between brackets in the ‘Required resources’ row indicate the corresponding collision probability

4. The above figures only concern part of the total delay values i.e. parts that are common for all schemes are not included.
· One of the parts not reflected in the above values is the transmission of the measurement report, which could possibly also involve the acquisition of UL synchronisation

Considerations:

· U-plane interruption is more important than handover delay (which average value is anyhow is rather low and hence not such an important factor).
· One of the key questions is whether or not it is acceptable that in say 0.8% of the handover cases the interruption is 51 rather than 13 ms.

The analysis in the previous suggests the following:

· The use of aRACH signatures dedicated to a specific handover significantly reduces the required aRACH resources for handover (factor 32 for the same collision probability). The ‘synchronous’ variant reduces this by an additional factor of 2, but this comes at the cost of a significant increase in average handover delay

· It should be noted that for the aRACH-ds case, because of the lower (resource) cost, it seems attractive to design for (even) lower collision probabilities i.e. the collision probabilities for 8, 9 and 10 aRACH-ds signatures are as estimated to be as follows: 0.42%, 0.11%, 0.03%
· Only if it is not acceptable that in very rare handover cases the service interruption is in the order of 30ms, a more advanced scheme would be needed. In this case, the choice is between the (dRes, synchronous) and the (aRACH-ds*, asynchronous, pre-ranging, synchronous). However, it seems hard to justify the additional complexity 

3 Conclusion and recommendation
This contribution analysed a number of open issues in the intra LTE (backward) handover procedure: the use of dedicated resources for the initial access in the target cell, the use of a synchronous procedure and the use of pre-ranging.
A number of different handover schemes have been compared w.r.t. the associated handover delay, U-plane interruption, required resources and the associated complexity. Our analysis suggests a scheme using:

· aRACH signatures dedicated to a specific handover i.e. no contention

· an asynchronous mechanism i.e. the aRACH-ds signatures are reserved for a limited number of aRACH occasions

RAN2 is requested to take the results of our analysis into account when deciding the further details of the backward handover procedure.

4 References
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[3] R2-062762 Non-contention based handover execution (Nokia)

5 Summary of main assumptions (Annex)

Radio interface

aRACH transfer delay
1- 11ms (0- 10 ms ‘waiting time’ + 1ms actual transfer i.e. no ramping steps)

aRACH occastion interval


10 ms
aRACH collission probability


1.0 %



aRACH backoff periods



1- 3 (2 on average)
UL/ DL-SCH transfer delay


1 or 6 ms (2.5 on average i.e 1.3 HARQ transmissions)

TTI









1
ms


HARQ RTT







5
ms


UE/ eNB L1/2 processing delay

1.5 ms
X2 interface

Transfer delay






2- 15ms (4 on average)

6 Handover sequences (Annex)

Handover delay: Time between UE sending measurement report and the aGW receiving Handover complete. The schemes analysed only differ w.r.t. the handling from the transmission of the handover response from the tENB through the transmission of the Handover Complete by the UE (some sceme’s may not require an explicit ‘handover complete’). Hence, only this part of the handover delay is considered

Handover interruption: Time between the UE stopping the UL transmission towards the sENB until the start of the UL transmission towards the tENB (The interruption time in UL and DL is assumed to be comparable; hence the UL is taken as reference).

Important assumptions/ limitations:

· No RACH ramping steps are assumed

· In case of no collission, the aRACH transmission is assumed to succeed always

6.1 Regular (contention based) aRACH access

The message sequence is as follows:


[image: image2.emf] 

1: Measurement report  

9: Release resources @ source  

8: Handover complete  

7: Handover complete  

4: Handover command  

3: Handover response  

2: Handover request  

UE   Source ENB   aGW   Target ENB  

Handover  preparation  

Hando ver  execution  

User data forwarding  

6: SCH control: UL resource grant  

5: aRACH: UL resource request  

Figure 2: Handover procedure using regular aRACH 
Handover delay: X2 delay + HARQ transfer delay (HO com)+ delay to next RACH occasion + backoff (@1% collission + aRACH transfer/response (HARQ RTT) + HARQ transfer delay (HO cpl)

Handover radio interruption: time from UE receiving Handover command up to the tENB receiving Handover complete i.e: Delay to next aRACH occasion + backoff(@1% collission + aRACH transfer/response (HARQ RTT)+ HARQ transfer delay (HO cpl)

Notes

· UL & DL interruption are assumed to be the same

· DL interruption: time between the sENB receiving the Ack on the Handover command (4) up to the tENB receiving the Handover complete (7)

· UL interruption: time between the UE receiving the Handover command (4) up to the UE receiving the Ack on the Handover complete (7)

· Frequency switching: negligible since UE performed measurement recently

· DL synchronisation: assumed to be done in parallel to waiting for the next aRACH occasion (5ms)

6.2 aRACH access with dedicated signature, asynchronous

The message sequence is exactly the same as in the previous. The target eNB now allocates a signature for the UE, so that collision does not happen.

Handover delays: as in the regular aRACH case but without the contribution of the collision case

Handover interruption: as in the regular aRACH case but without the contribution of the collision case
One possibility that has been suggested is that the aRACH transmission may also perform the function of the ‘handover complete’ indication i.e. a separate message may not be needed. This would reduce both delays with the average HARQ transfer delay.

6.3 Dedicated resources, PDCCH based

The message sequence is as shown in the following figure. The main difference is that the source ENB provides a confirmation to the target ENB about the successful transmission of the handover command message to the UE. This confirmation could either be HARQ or ARQ- based. Following this, the target ENB provides a UL resource grant to the UE for the dedicated resource (dRes).
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Figure 3: Handover procedure, with dRes, PDCCH based and X2 time coordination
Handover delays: there is additional delay due to the confirmation to the target ENB about the successful transmission of the handover command message. The assumption is that there is no dRes delay i.e. there are no limitations w.r.t. the dRes occasions

Handover interruption: there is a contribution associated with the confirmation back to the target ENB, the corresponding grant via PDCCH and the subsequent transfer of the handover command message
One possibility that has been suggested is that the dRes transmission performs the function of the ‘handover complete’ indication i.e. a separate message may not be needed. This would reduce both delays with the average HARQ transfer delay.

6.4 Dedicated resources, synchronous

The message sequence is exactly the same as in the previous, with the only difference that the UE transmits the UL resource request on a dedicated resource (dRes) at a specific point in time (the activation time).

Handover delays: the activation time has to be set to cope with the maximum transfer delays on X2 and the radio. The assumption is that there is no dRes delay i.e. there are no limitations w.r.t. the dRes occasions

Handover interruption: there is only a contribution associated with the transmission of the UL resource request, the corresponding grant and the subsequent transfer of the handover command message
As for the previous case, the dRes transmission could possibly perform the function of the ‘handover complete’ indication.

6.5 Dedicated resources, synchronous with pre-ranging

The message sequence is already shown in fig. 1.

Handover delays: the activation time has to be set to cope with the maximum transfer delays on X2 and the radio. The assumption is that there is no dRes delay i.e. there are no limitations w.r.t. the dRes occasions

Handover interruption: there is only a contribution associated with the transmission of the UL resource request, the corresponding grant and the subsequent transfer of the handover command message
One possibility that has been suggested is that the dRes transmission may also perform the function of the ‘handover complete’ indication i.e. a separate message may not be needed. This would reduce both delays with the average HARQ transfer delay.

7 Resource calculations

7.1 Collission probability for aRACH-cs

The collision probability is assumed to be represented by the following formula [1]:
P (G, L) = 1-e^G/L
The following table shows the resulting collision probabilities (with G= HO/slot and L= #signatures) :
	HO/ s
	HO/slot
	16-sig
	32-sig
	64-sig
	128-sig
	256-sig

	30
	0.3
	1.9%
	0.9%
	0.5%
	0.2%
	0.1%

	50
	0.5
	3.1%
	1.6%
	0.8%
	0.4%
	0.2%

	70
	0.7
	4.3%
	2.2%
	1.1%
	0.5%
	0.3%

	90
	0.9
	5.5%
	2.8%
	1.4%
	0.7%
	0.4%


7.2 Collission probability for aRACH-ds

The collision probability is assumed to be represented by the following formula:

P(G,L)= 1-P(G,0)- P(G,1)- ..-P(G,N-1)
The following table shows the resulting collision probabilities:
	HO/ s
	HO/slot
	6-sig
	7-sig
	8-sig
	9-sig
	10-sig

	30
	0.3
	0.4%
	0.1%
	0.0%
	0.0%
	0.0%

	50
	0.5
	4.2%
	1.4%
	0.42%
	0.11%
	0.03%

	70
	0.7
	14.2%
	6.5%
	2.7%
	1.0%
	0.3%

	90
	0.9
	29.7%
	16.9%
	8.7%
	4.0%
	1.7%


7.3 Collission probability for pre-ranging with aRACH-ds

In this scheme, each serving cell manages a number of dedicated signatures for each direct neighbour (assumption: 6). The collision probability is the same as in the previous section, except that the HO rates are reduced with a factor of 6. This is because only the HO from this source to the target compete for the dedicated signatures managed by this source eNB.

The following table shows the resulting collision probabilities:
	HO/ s
	nHO/slot
	1-sig
	2-sig
	3-sig
	4-sig
	5-sig

	30
	0.25
	22.1%
	2.6%
	0.2%
	0.0%
	0.0%

	50
	0.42
	34.1%
	6.6%
	0.89%
	0.09%
	0.01%

	70
	0.58
	44.2%
	11.6%
	2.2%
	0.3%
	0.0%

	90
	0.75
	52.8%
	17.3%
	4.1%
	0.7%
	0.1%
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