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1. Introduction

Unsynchronized random access is used in LTE to acquire timing advance and get initial UL allocations either for handovers (HOs) or for establishing initial RRC connections in the LTE_IDLE mode. This random access procedure involves latencies that 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. In this document, we propose another way to reduce the latencies in handovers. This method involves initiating the unsynchronized random access earlier than when the HO command is issued to the UE. The document details the mechanism as to when and how the early random access may be initiated for reducing latencies.

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. UL synchronization with multiple eNBs

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, both UE and the serving eNB have to make sure that the 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. Two conditions under which such early random access is allowed are mentioned in section 4.

Multiple allocations for HO related early RACH access

On the receipt of UL timing advance information and the UL allocation from a neighboring (and non-serving yet) eNB, the UE notes the timing advance and maintains UL synchronization. It may 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 command is not received by the UE, the allocation is wasted. However, if the handover command is received before the UE loses synchronization with the neighboring eNB, the UE can UL transmit if allocations are available. We propose that if the “access cause” is known for RACH access to be ‘handover’, 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. As a choice, one of the allocations can be at a time in future close to when the timing advance information is expected to become stale (obsolete). 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.
Early RACH access re-initiation

Since we are advocating RACH access even before receiving the HO command from the serving UE, we may receive UL timing advance that may expire before the HO command is received. Expire here means that the UL timing advance information may be stale (old) so that UL synchronization may no longer be assured. If the HO was really imminent, such cases should be very rare since the UL synchronization is maintained for a significantly longer time compared to HO process. In any case, since the UE initiated an early RACH access because it interpreted that a HO was imminent, it should re-initiate the early RACH access if the UL timing advance information expires before HO command is received and it still interprets that a HO is imminent. The re-initiation process follows the following algorithm:

· Maximum number of times early RACH access is allowed before a HO command is issued for a particular instance is a parameter called EarlyRACHMaxAttempts. An example value is 3.
· The time between when the last UL allocation expires and the next unsynchronized RACH attempt is allowed is referred to as the inter-attempt time.

· The inter-attempt time between the first early RACH access and the second early RACH access is 0.

· The inter-attempt time between subsequent early RACH accesses increases as the number of attempts increases. The increase may follow linear or exponential progression, and may be a well known or pre-set progression.

· No more early RACH accesses are attempted for a HO instance after EarlyRACHMaxAttempts number of attempts have been made and no HO command has been received. After receiving a HO command, any number of RACH attempts may be made on the new cell as required. 

4. 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.

a. 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 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.
b. 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 measurement reports 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. Since 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.
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Figure 3. Proposed method: Early random access before HO indication by serving eNB.
5. 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. This implies that 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.   
6. Conclusion
We propose early random access during HOs as a solution for reducing HO latencies. We propose that a UE may initiate RACH with a neighboring non-serving eNB when it interprets that a HO to that neighbor is highly likely. The serving eNB may indicate to the UE as soon as it decides to hand it over to a neighboring eNB. A UE may begin RACH access in the neighboring eNB on such an indication or even before such an indication when it is sending measurement reports to the serving eNB. We also proposed some details on how such an early RACH access may take place.
7. References

[1] 3GPP, TR-25.813 v7.0.0.
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