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1
Introduction
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 dedicateda allocation based 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. 
2
Description of dedicated allocation 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
Dedicated preamble (Option 1)
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. 

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

· Possibly size of the HO COMMAND is increased due to RACH parameter inclusion

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? 
2.1.2
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.
2.1.3
RACH channel load impact

Also to be considered when analysing RACH based handover procedure is the impact on the handover performance and reliability dependency on the immediate load on the RACH at the time of handover. In case of low load on the RACH in the target cell at the time of handover this means that there will be a greater chance for having succesfull RACH with no contention and short response delay from eNB, resulting in short data transmission interrupt time due to handover. If on the other hand the RACH is heavily loaded (e.g. due to access attempts from normal users and other handover users) this is likely to have negative impact on handover performance. In this case there will be higher probability for collisions thereby prolonging the RACH procedure time which then may result in longer interrupts in the data transmission during the handover.

Part of this problem can be avoided by dimensioning the RACH resources according to possible handover load. Dimensioning the RACH for cases including many simultaneous handover executions e.g. in city traffic (bus or train) might either complicate dimensioning of the RACH resource needs or lead to wasted UL resources due to too many resources reserved for RACH.

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.. It should be noted that same C-RNTI may be allocated (HO RACH C-RNTI may be fixed or e.g. broadcasted) to multiple handovered UEs, thus enabling using same dynamic RACH resource for sending RACH access burst. Then UEs should be also allocated dedicated preamble, preventing using same RACH preamble in same dynamic RACH slot..And as the target eNB can map used preamble directly to allocated C-RNTI (different from the one used for sending RACH burst) after that allocations for particular UE can happen in non-contention manner without additional air interface signalling.
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. It should be noted that the allocation can just give normal RACH access parameters whose location (in time and frequency) is same or different from the one used for normal RACH usage (e.g. IDLE -> ACTIVE transition).
Mean delay estimation: Inaccuracy of the time difference estimation – Should be very short for dynamic RACH case. If using same allocation than option 1 then delay is also same as for that option. .In synchronized network delay would be minimal.
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Figure 1: Different TA acquisition alternatives
3
Comparison of non contention based methods
The advantage of dedicated allocation method 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 dedicated preamble 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 is described in the chapter 3.2 delay of dedicated allocation methods is much smaller than in the RACH based approach. This is particularly true if RACH occurrences are scheduled  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 dedicated allocation method uses 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 dedicated allocation method is 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 sent 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. And as it was shown it is possible to use dedicated preamble in the dedicated allocation thus enabling very easy RACH capacity sizing by utilizing both preamble division and dynamic RACH allocation. 
Most importantly, if by using static RACH we want to achieve similar delay performance as with dynamic RACH 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
Delay analysis
3.2.1
Dedicated Allocation
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The delays associated with this procedure are estimated as follows:

1. UE switches to new cell and synchronizes to it (1ms). Then it needs to wait for allocation in L1/L2 control channel. NOTE: If needed NW can start allocating resources even before NW estimates possible UE arrival to the cell thus eliminating wait time  - in this example 2ms delay for waiting of allocation is assumed.
2. A single TTI is required actually to transmit the random access preamble.

3. Processing at the eNB takes 2ms
4. A single TTI is required actually to transmit the random access response.

5. 2ms processing time at UE
6. 1TTI is required actually to transmit the message.

7. 1.5 ms I processing time is incurred..

The total delay associated with the procedure is thus around 11.5 ms + HARQ delay for sending of HO COMPLETE

3.2.2
Dedicated preamble
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The delays associated with this procedure are estimated as follows:

1. UE switches to new cell and synchronizes to it (1ms). Then it needs to wait for next RACH slot. If RACH slot occurs once every 10ms then the total delay of this point is around 11ms

2. A single TTI is required actually to transmit the random access preamble.

3. Processing at the eNB takes 2ms
4. A single TTI is required actually to transmit the random access response.

5. 2ms processing time at UE is assumed for handling RA response. Note that the random access response also grants sufficient uplink capacity to send the next message. The uplink capacity may not be granted immediately, but only after some delay. Note also that if the random access response is not received, the UE must transmit another random access preamble and use power ramping – the earliest this could occur is 10 ms after the transmission in step 3, but UE may need to apply some sort of random backoff time in order to avoid further collisions..

6. A single TTI is required actually to transmit the message.

7. 1.5ms processing at eNB to handle response from the UE is assumed... NOTE: Contention resolution is not needed because dedicated preamble was used in the RACH procedure

The total delay associated with the procedure is thus around 19.5 ms + HARQ delay for sending of HO COMPLETE + 10ms*(NR_OF_RETRANS/RAMP_UP). NOTE: When utilizing dynamic RACH then wait time for RACH slot can be shortened.
3.3
Summary of comparison of non contention based methods

Pros of dynamic RACH method:

· Less usage of static RACH

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

· No collisions -> Predictable delay

· Shorter U-plane 

· HO delay is independent of Cell BW

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

Cons of dynamic RACH method:

· Possibly more complicated than usage of dedicated preamble method due to time estimations, but on the other hand no need for method reserving preambles

· May be bit more complex than dedicated preamble RACH 

4
Conclusions

As it was shown in the previous chapters dedicated allocation methods can provide predictable, shorter U-plane delay and easier NW planning than using normal RACH for TA acquisition in case of HO. Especially if we consider that UE is not required to read neighbour cell SU containing RACH parameters then allocation of RACH resources in the HO COMMAND can give either normal static RACH resources or allocate dynamic one (that can be used by multiple UEs having dedicated preambles). An important question is that can static RACH provide good enough performance for all possible services? It should also be noted that complexity increase of option 3 to UE is minimal (or nonexistent) if RACH parameters and resources are anyway given in HO COMMAND and then it is up to NW to use the optimization. As a way forward we propose to agree to allow NW to allocate RACH resources dynamically for the UE, but leave method of allocation as FFS. 
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