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1
Introduction
 RAN2 TS [1] describes the following two methods for UL resource requests and timing advance acquisition:

-
RACH procedure;
-
Non-contention based access burst procedure.

Two RACH based procedures can be distinguished: the normal RACH procedure and a procedure where UEs transmit on RACH using UE specific preamble sequences. We consider the normal RACH procedure just as a back-up procedure, and compare in this document the non-contention based HO procedure with transmission of UE specific signatures on RACH. The non-contention based access burst procedure can be seen as a method for minimising HO delays and interruption times during HO execution. This can be achieved using a short access burst followed by normal transmission on UL SCH. At the moment, the agreed figure in the TR does not distinguish between RACH and non-contention based access burst procedure although there are rather clear differences. 
- - Add more details on allocation of resource in target cell 
2
Description of non-contention and RACH based HO
Handover procedure starts with UE sending MEAUSUREMENT REPORT and exchange onf information between source and target cell.  After source cell has received answer from the target cell it may send the HO COMMAND to the UE and UE will switch to the new cell. 

There are multiple procedures how UE can acquire timing advance for the target cell in following subchapters. More detailed description of the procedures is described in following chapters and in figure 1.
2.1
RACH Procedure (Option 1)

As a basis UE uses RACH with random preamble to get the timing advance (TA) after it has changed to target cell. 

Mean delay estimations (with 100% resolving probability for collision and no contention on same preamble) for sending access burst: RACH_OCCURRENCE_INTERVAL / 2 + possible power ramp up delay (multiples of RAC_OCCURRENCE_INTERVAL) (See details on RACH delay estimation also from [3])
2.1.1 Dedicated preamble

In order to limit the contention NW allocates a UE specific preamble sequence to be used in RACH channel. The allocation of the sequence may happen in the HO COMMAND. With preserved sequence there is no contention on the same preamble sequence but of course collisions exist in that sense that more than one UE may send its sequence in the same frequence and time resource. However, as the cross-correlation of the sequences is low, a few signatures can be often detected simultaneously.   The normal random access procedure without UE specific signatures is used only as a back-up procedure because the UE specific signatures save RACH capacity without increasing the complexity. Assuming that UE does not have time to read the System Information of the target cell, RACH parameters (access slots and signatures) should be told in the HO COMMAND even if the normal random access procedure was used.

Pros compared to random preamble:

· No contention on same preamble. What is probability for using same preamble?

Cons compared to random preamble:

· NW needs to be able to handle preamble allocation

· There needs to be a method for knowing when preamble is free in situation when target cell does not receive UE RACH access

· Some of the preambles reserved for HO purposes -> Contention probability will be bigger for other purposes

Open Items:

· How is power ramp up affecting RACH usage? How much more additional delay will be caused by that?

· Do we need to anyway do sizing of RACH capacity for very low collision rate (multiple UEs accessing same RACH slot)? If yes, then what is the gain of dedicated preamble?

· What is the resolving probability if multiple UEs are sending preambles at same RACH slot?

· How many preambles need to be allocated for dedicated preamble RACH purposes?
Mean delay estimations (with 100% resolving probability for collision and no contention on same preamble) for sending access burst: RACH_OCCURRENCE_INTERVAL / 2 + possible ramp up delay (multiples of RAC_OCCURRENCE_INTERVAL) 
2.1.1
RACH channel periodicity
In order to use RACH in TA acquisition, UE should know the RACH parameters in the target cell. These include the time and frequency resources of RACH allocations and its specific preamble sequence. Furthermore, it could be necessary to limit the RACH allocation periodicity to one radio frame so that UE does not need to find the SFN before transmitting on RACH. Before such a design where RACH periodicity is 10ms is chosen following concerns should be evaluated:

1. When the system BW is narrow; one RACH access slot per 10 ms might consume unnecessarily large part of the UL resources. 

2. When the RACH capacity is optimal with one RACH access slot per 10 ms, the performance of the system is optimized if the RACH frequency is hopped between the time allocations.  If hopping is not possible, we might then need to allocate additional resources just to improve the diversity (coverage) although those resources would not be needed for reducing the collision probability
Because of these reasons, a more flexible allocation periodicity than fixed (e.g. 10ms) would be beneficial.
2.2
PDCCH method (Option 2)

After reception of HO COMMAND (possibly with starting time) UE switches to the new cell and starts listening to PDCCH for UL allocation where UE would then send access burst. The UL allocation is directed to the UE with a CRNTI that UE has received in the HO command. Structure of the access burst in non-contention based HO can be similar to the one used in normal RACH. And because the used preamble is known then eNB can be optimized to decode particular preamble. When target cell decides the allocation for sending access burst, it would be helpful to know when UE is switching to the new cell in order to optimize starting time of the allocation.. 

2.2.1
Source cell indicates HO COMMAND delivery

Source cell sends indication to the target cell that it has sent the HO COMMAND to the UE. Target cell would then start allocating resources and there won’t be wasted resources, but on the other hand there will be U-plane interruption delay due to X2-signaling delay. Mean delay estimation: X2-delay (1-few tens of ms) + allocation delay (can be very short)

2.2.2
UE reports time difference

UE reports time difference (already used in UTRAN) between camped and reported cell in the MEASUREMENT REPORT. This information and also information about maximum delay of delivering HO COMMAND (D1 in the figure) is used by the target cell to estimate when it is applicable to start allocating resources for the UE.  The decided target cell SFN is then informed to the source cell (msg3), which would then use that information to give starting time in the HO COMMAND. The starting time is given as a source cell SFN in order to ease source cell know when UE is exactly leaving the cell. And because UE is leaving old cell at very last minute before new cell starts allocating resources, the U-plane interruption time between source and target cell can be minimized to very short time. It has to be noted that in order to enable UE to do time difference estimation it needs to get target cell SFN to do that. Mean delay estimation: Inaccuracy of the time difference estimation – Should be very short. In synchronized networks delay is minimal
2.3
HO COMMAND has allocation for access burst (Option 3)

In the HO COMMAND NW gives a UL allocation(s) which is used by the UE to send access burst. In order for target cell to know at which point it can allocate resources it needs to know time difference between source and target cell and HO COMMAND delivery delay. Time difference could be reported by the UE as it is described in the chapter 2.2.2.  

Mean delay estimation: Inaccuracy of the time difference estimation – Should be very short.In synchronized network delay would be minimal.
If we compare methods described in this chapter and 2.2 they are pretty similar, but the PDCCH listening method is probably lot easier for implementation because UL allocation is using normal PDCCH procedures. Additionally PDCCH method has more flexibility for network to optimize the allocation position in time and frequency because NW scheduler does not need to do the allocation in advance. 
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Figure 1: Different TA acquisition alternatives
3
Comparison of non-contention and RACH based HO
The advantage of the non-contention based HO is to completely avoid contention in the TA acquisition. This is particularly advantageous when multiple UEs are performing HO almost simultaneously e.g. several UEs in the train travelling across cell border.  If normal RACH procedure would be used it would be almost inevitable that multiple UEs will start RACH sending simultaneously and collision will occur, thus possibly causing extra HO delay, congestion on the RACH channel or running out of preamble sequences reserved for UE specific use in HO. Additionally less usage of RACH channel eases network planning, because operator/NW vendor does not need consider HO probabilities when designing capacity for RACH channel or the number of sequences reserved for UE specific use. And as it was described in the chapter 2 delay of non-contention based HO is much smaller than in the RACH based approach. This is particularly true if RACH occurrences happen rather seldomly. Small delays of handover are especially needed for VoIP and gaming applications.

3.1
Capacity requirement comparison

As it was clarified in chapter 2.2 non-contention based HO is using very same preamble structure as normal RACH, sending one access burst is consuming very same amount of resources (time and frequency) as normal RACH preamble. 
An advantage of the non-contention based HO would be the smaller capacity requirement for RACH that would not be affected by HOs. Ref. [2] presents that the major part of RACH load could be due to HOs. Although UE specific signatures reduce contention effectively, it might be necessary to design the RACH capacity taking into account the interference caused by the preambles that are send on RACH by the UEs attempting HO.
If RACH channel needs to be sized so that collision probability (multiple UEs use same RACH occasion) is low then the usage of RACH will consume lot more resources than non-contention based HO procedure as RACH channel capacity will be sized according to worst case scenario (train, bus scenarios) and most of the time no one is using RACH channel. 
Most importantly, if by using RACH we want to achieve similar delay performance as with non-contention based HO, the RACH capacity requirement increases considerably, because it needs to be scheduled very often  (even more often than once every 10ms). Particularly for small BW cell cases having high repetition rate for RACH occasions will cause unnecessary capacity requirements. On the other hand for non-contention based HO there is not such strong requirement how often RACH occasions needs to happen because other usages of RACH are not so time critical as for HO.
3.2
Summary of comparison

Pros:

· Less usage of RACH

· Easier RACH channel capacity estimation and optimization without any limitations on the RACH periodicity.

· No collisions -> Predictable delay

· Shorter U-plane delay (RACH_OCCURRENCE_INTERVAL/2 + ramp-up vs. time difference estimation accuracy)
· HO delay is independent of Cell BW

· Less resource usage if RACH channel needs to be sized to have small collision probability

Cons:

· More complicated than usage of normal RACH due to time estimations
· May be bit more complex than dedicated preamble RACH 
4
Conclusions

As it was shown in the previous chapter non-contention based HO procedure especially implemented with PDCCH allocation method can provide predictable, shorter U-plane delay and easier NW planning than using normal RACH for TA acquisition in case of HO. An important question is that can RACH provide good enough performance for all possible services (e.g. VoIP and gaming applications) in all cell scenarios?  Or do we need non-contention based HO method for acquiring TA? 
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