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1. Introduction

Numerous contributions [1][2][3][4] have been submitted on reducing intra-LTE inter-eNB Handover latencies. Latency in the unsynchronized RACH process is an important part of the overall handover latency, and most of the contributions have attempted to address this. There are two parts to the RACH access latency that may be reduced. The first is the waiting time after a UE is ready to transit in the UL for achieving UL synchronization and before the RACH slot occurs in the frame structure. The second is the time since the first such slot occurs until both timing advance (TA) and UL allocation are provided to the UE. The second part is mainly variable due to the possibility of collisions in RACH access and possibly multiple RACH attempts before success. Thus, most contributions addressing the second part of the UL synchronization latency are approaches in non-contention based UL synchronization transmissions. In this document we present our proposal to reduce the first part of the UL synchronization latency. We also discuss how some of the approaches to reduce the second part of the latency may be used in conjunction with our approach. In many cases, we observe that non-contention based approaches do not necessarily provide the significant latency reductions. 
For simplicity, we use “handover” terminology in the rest of this contribution for “intra-LTE inter-eNB handover”. The contribution is organized as follows. In section 2, we present the current handover process as specified in [5]. Next, we present the two main components of the handover latency due to the UL synchronization process in the target eNB. In this section 3, we also present an analysis of possible delays due to collisions in the RACH and their probabilities. We propose and motivate our early RACH access mechanism in sections 4, 5, and 6. In section 7, we briefly discuss how the contention avoiding mechanisms and our mechanism can work either in a complimentary manner or exclusively to reduce handover latencies. We conclude in section 8.
2. Basic network controlled UE assisted Handovers as specified in 25.813 v 7.0.0.
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Figure 1. Intra MME/UPE HO as specified in 25.813 v7.0.0.
3. Two components of RACH access latency

As mentioned above, latency in the unsynchronized RACH process has two main parts. The first is the waiting time after a UE is ready to transmit in the UL for UL synchronization and before the RACH slot occurs in the frame structure. The second is the time since the first such slot occurs until both timing advance (TA) and UL allocation are provided to the UE. The main variable component of the second part is the time spent in collision resolution, in case there is any. 
In [6] we propose a flexible and dynamic mapping of information and randomness on the set of non-synchronized RACH preamble so as to keep the collision probability low depending on the latency requirements of the RACH access type and its load. As a result, we assume that sufficient randomness would be available in the set of RACH signatures for handover in order to minimize the second latency part.

In [4], we described an early RACH access method for reducing HO latency. This method aims to reduce the RACH access latency by initiating the access earlier than as currently described in [5]. In sections 4, 5, and 6, we describe this method. 
4. Possibility of UL synchronization with multiple eNBs

The random access procedure involves latencies waiting for the RACH slots to occur and to re-occur in case of collisions. These depend on the relative frequency with which the eNB schedules RACH in the UL. It is desirable to reduce this latency for certain traffic types such as gaming etc., but too frequent scheduling of the RACH in the UL may be a waste of resources. Our method involves initiating the unsynchronized random access earlier than when the HO command is issued to the UE.
We first propose that simultaneous UL synchronization (achieving UL timing advance) should be possible with multiple eNBs. While it is understood that if a UE is RRC connected with a serving eNB, the latter has to make sure that it does not schedule the UE when it is possibly communicating with other eNBs. There are numerous ways of achieving this. A simple method is to use DRX and DTX with the serving eNB, and only send UL RACH accesses during available times. While we recommend allowing RACH attempts be made with new eNBs without detaching from a serving eNB, we recommend that this be done only when handover is interpreted to be imminent. This is so that precious UL transmission resources are not wasted. In Section 5, we elaborate how “imminent handover” can be either 

· communicated to the UE by the serving eNB as soon as it makes the decision to handover the UE, and is initiating information exchange with the target eNB

· or decided autonomously by the UE.

In both cases, the final handover command is still sent at the end of the preparation phase, but imminent handover allows the UE initiating early RACH access, thus saving significant latency in the handover procedure. Note that if, for any reason, the handover preparation phase fails and the handover procedure is abandoned, the eNB now needs to send a HO cancellation command to the UE. However this can be assumed to occur infrequently so as to not result in any significant overhead.
Multiple allocations for HO related early RACH access

Upon early RACH access, the UE will receive from a neighboring (and non-serving yet) eNB an UL timing advance information and some UL allocation. 

Timing advance:

In [7], it is shown that for high speed UEs (500 km/h), this timing advance information is valid for a period of 0.54s. Since this is way beyond the expected duration of a handover procedure, we assume in the following that the received UL timing advance does not expire before the HO confirmation (or cancellation) command is received.

UL allocation:

The UE will not use the UL allocation until handover command is received from the serving eNB. If such an UL allocation is not utilized because the handover is cancelled or the command is not received by the UE, the allocation is wasted. However, if the handover command is received while the allocation is still available, the UE can UL transmit over the UL shared channel (SCH). We propose that if the “access cause” is known for RACH access to be ‘handover’ [6], the eNB provide multiple allocations in the UL for the UE. We propose that these multiple allocations be limited to a small number such as 3.  We also propose that these multiple allocations be distributed in future and spread out such that at least one allocation is available late enough for a delayed HO command. While the exact numbers need to be decided, as an example, the three allocations can be at 1) few TTIs from RACH, 2) 7 to 8 ms from RACH, and 3) 15ms from the RACH. This method allows the UE to achieve the timing advance information and have a few allocations in the future to wait for the HO command and begin UL transmissions in the target eNB as soon as the HO command is received. If an earlier allocation is used, the extra allocations may be relinquished if not required by the UE. 
5. Early Random Access for Handovers 

A UE may decide to initiate early RACH accesses to reduce HO latency if it interprets that a HO is imminent. This may be initiated in one of the following two ways.

5.1 On eNB indication

In figure 1 above, step 5 and its response may occur simultaneously with step 2 right after the eNB decides to HO the UE to the target eNB. In such a case we propose that the eNB indicate to the UE that it has decided to hand it over to the target eNB. With a specific target eNB mentioned, the UE initiates early RACH access with the target eNB, while the serving eNB communicates with the target eNB to setup the HO. This simultaneous processing reduces the handover latency ultimately.

As an aid to the serving eNB, the UE may include the RACH instances of the neighboring eNBs in its measurements report. This helps the serving eNB to know when the UE might be using the RACH in the UL in the neighboring cells.
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Figure 2. Proposed method: Early random access after HO indication by serving eNB.
5.2  Without eNB indication

In this method, step 5 and its response (in figure 1 above) happen even before the eNB indicates that it has decided to HO the UE to the target eNB. This happens when the UE interprets based on the measurements and some decision thresholds pre-configured by the eNB that a HO is imminent. Thus the UE when it sends its measurement report to the eNB, it simultaneously initiates early RACH access with the best HO candidate it perceives. This method is motivated by the fact that, since the UE performs the radio link measurements of neighboring cells and has knowledge of channel conditions with the serving cell, it does not lack any information to make the decision, except load balancing aspects. As a result, due to this latter component, the actual eNB to HO to is not known exactly, the target eNB as expected by UE and as indicated by the serving eNB may be different in some cases. We expect such cases to be rare. In such cases there will be no latency gains from this approach, but no loss either.
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Figure 3. Proposed method: Early random access before HO indication by serving eNB.
6. Reducing RACH overhead while maintaining handover latencies
With the handover procedure as mentioned in [1] and figure 1, in order to satisfy latency requirements the eNB needs to schedule the RACH in the overall frame structure at a reasonable rate – e.g. may be at the order of once every 10ms. If the methods in figure 2 and 3 are used in handover, the UL timing advance process happens in parallel with other HO processes. This parallelism saves time and the overall handover latency reduces. Thus, the RACH access process can afford to take more time, and the eNB can schedule the RACH in the overall frame structure less frequently. As an example, if the RACH may be scheduled once every 20 ms instead of once every 10 ms, there is 50% saving in RACH overhead. In terms of simple calculations, capacity loss in RACH is reduced from 5% of channel capacity to 2.5%. If channel capacity is 50 Mbps, that is 1.25Mbps of additional capacity.

Some channel capacity may be lost in UL allocations that are not used with early RACH access during handovers. This resource block loss is expected to be low if early RACH access is used appropriately. Also, the savings in having infrequent RACH scheduling are expected to more than offset this loss.   
7. Comparison of early RACH access with non-contention based UL synchronization mechanisms
The early RACH access method proposed above maybe used either exclusively or in addition to the other non-contention based UL synchronization mechanisms. The method in [1] of possibly using reserved signatures/slots provides the benefit of guaranteeing no collisions. However this method may not be initiated early as in the early RACH access method since the reserved signature/slot needs to be communicated from the target eNB to the UE through the source eNB. For realistic low collision probabilities, the benefits of early RACH access may outweigh the benefits of guaranteed no collisions.

For the proposed methods in [2] and [3], again, co-operation from the target eNB is required, and the methods may not be able to initiate before the actual HO command is issued. It is also required for the UE and the target eNB to synchronize on the allocation times, so that there is no mismatch in when the UE is looking for allocations and when the target eNB starts allocations for the UE. There is a possibility of wasted resources or HO latencies if they do not match. A multiple number of allocations by the target eNB may be the best for avoiding latencies if the UE misses the first or the first few allocations. This is similar to our method of early RACH access that proposes possibly 3 allocations that are spread out in time. Once the earlier allocation is used, the later once are released if not required.
Both early RACH access and non-contention based RACH could be used together to minimize the overall handover latency as follows:

1) Early RACH access is initiated upon “imminent handover” condition using the contention-based RACH.
2) Simultaneously, a non-contention based resource is allocated by the destination cell to the UE during the preparation phase.
3) The UE can use the non-contention based resource as soon as it is made aware of it, in case the previous contention based RACH attempt(s) failed.

4) In case a contention-based RACH attempt succeeds before the UE is made aware of the non-contention based resource, this resource is released by the target cell as soon as it has identified that it corresponds the entering UE (through e.g. UE C-RNTI in serving eNB and serving eNB ID).However, if the RACH signature space and preamble structure are designed to minimize both the collision probability and the detection misses [6][8][9], case 3) above may occur infrequently, thus limiting the benefit of the non-contention based approach on top of the early RACH access.

8. Conclusion
In this document we proposed early random access during HOs as a solution for reducing HO latencies. This method reduces the time spent in waiting for RACH/UL access slots in the frame structure during HOs. We also discussed other proposed methods related to non-contention based UL access. These methods may compliment our proposed method, but may not necessarily be required. Our method also allows RACH to be scheduled less frequently so that its overhead may be reduced while maintaining the tight latencies. We propose to discuss the proposals in this contribution and to capture the agreeable parts in the appropriate LTE standard documentation. 
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