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1. Introduction

Numerous contributions [1] 

 REF _Ref153348168 \r \h 
[2] 

 REF _Ref153348169 \r \h 
[3] [4] [5]  were discussed in the RAN2 2006 Riga meeting on the subject of reducing intra LTE inter-eNB handover (HO) latencies (For simplicity, we use “handover” terminology in the rest of this contribution for “intra-LTE inter-eNB handover” in LTE_ACTIVE). The aim of these contributions was to reduce the latency involved in UL synchronization and initial allocation in the target eNB. In other words, the UE that is handing over should receive timing advance (TA) information and UL allocations in the target eNB, as soon as the source eNB receives/can receive ‘Context Confirm’ from the target eNB. Essentially, after the source eNB has decided to HO the UE, and as soon as the target eNB gets ready to context confirm, the latency component of UL synchronization and allocation comes into play. The various approaches that were proposed to reduce this latency can be classified at a high level into 3 categories: pre-ranging approach, contention free HO initial access, and implicit/autonomous pre-synchronization and UL allocation. In this contribution, we briefly review and discuss the 3 main approaches, and then propose an optimized method that combines the methods and benefits of these approaches.  
This contribution is organized as follows. In section 2, we present the current handover process as specified in [6] . Next, we briefly discuss the 3 main approaches to reduce handover latency as presented in Ran2. In section 3, we present the optimized method to reduce latency. We conclude in section 4.
2. The proposed approaches to reducing HO latency

In order for a UE to achieve TA in a target eNB in a HO, either the target eNB has to compute it and forward it to the UE, or the UE has to autonomously compute it (valid only in synchronous networks [3] [4] ). In the case of asynchronous networks, the target eNB is required to listen to some transmissions by the UE, and compute the TA. Now the UE transmission that the target eNB uses to compute the TA may happen in different ways and at different times leading to various approaches as proposed in [1] 

 REF _Ref153348168 \r \h 
[2] 

 REF _Ref153348169 \r \h 
[3] [5] and [6] 
In [6] the UL transmission to the target eNB that is used to compute the TA is transmitted after the context confirm is received at source eNB, and the UE receives a HO command. This is the current baseline.
In [2] , the UL transmission is again done after receiving a HO command from the source eNB as above. However, the UE receives non contention based UL resources to transmit to the target eNB, which then computes the TA and transmits it to the UE. In this approach, there is no resource wastage or random element in latency due to collisions in the UL transmission by the UE. However, it either requires extra dedicated resources reserved for HO in UL frame, or reserved signatures to be used in the non synchronized RACH (NSRA). 

In [1] , the UL transmission process by the UE that is used by the target eNB to compute the TA begins even before the context is confirmed by the target eNB or a HO command issued by the source eNB. The process described involves using the NSRA, which might be contention based for this process. If the NSRA is provisioned so that the collision rates are low, the average increase in latency due to collision possibilities is low [7] . Reference [9] also shows that at collision probabilities below 4%, almost all accesses are successful in 1 retry after a collision. The main benefit of this approach is that the TA acquiring process occurs in parallel to the context transfer to the target eNB.
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Figure 1. Intra MME/UPE HO as specified in 36.300 v0.3.1.

In [3] the UE’s UL transmission process that is used by the target eNB to compute the TA happens somewhat in parallel with the rest of the HO process. When the source eNB sends the context data to the target eNB related to the HO, it also sends information about an impending UL transmission by the UE in the source eNB’s cell. The target eNB then looks for the impending transmission and computes the TA. Although this method is also contention free, it was undermined in RAN1 by [8] , and so we do not discuss it further here.

Reference [4] mentions another implicit TA computation approach. In this approach the UE computes the TA in the target eNB based on its current TA (in the serving eNB), and the time difference between the two eNBs. This approach works only in synchronous networks or when the time difference between the target and source eNBs is known. Essentially, the source eNB can tell the UE the relative time difference between itself and the target eNB, and ask it to compute the TA in target eNB’s cell. Source eNB also forwards a UL allocation valid in the target eNB for the UE. This is one of the most efficient methods in terms of latency and overhead of UL synchronization and initial UL allocation during handovers. However, as mentioned earlier, it is useful only in synchronous networks.
The table below summarizes the above methods in terms of the locations and characteristics of the latency components in each, and possible capacity overhead. 
Table 1. Characteristics of various HO methods
	Method


	Latency Location
	Randomness component
	Capacity Overhead/Other Concerns

	
	Serial

(after context confirm from target eNB)
	Parallel

(initiated in parallel with context transfer)
	Wait for NSRA/HO slot
	Contention Resolution
	NSRA Provisioning
	Extra HO slots or Reserved Signatures
	Valid only in Synchronous networks

	36.300


	x
	
	x
	x
	x
	
	

	[2] 
	x
	
	x
	
	
	x
	

	[1] 
	
	x
	x
	x
	x
	
	

	[4] 
	x
	
	
	
	
	
	x


As we observe above, the proposed methods are somewhat complimentary in nature. Some methods have benefits of parallel process, whereas others have more deterministic latencies due to contention free nature. Overheads are of different types in each method. In the next section, we propose an optimized HO algorithm that combines the contention free nature of [2] with the parallelization benefits of [1] , and also include the method [4] for the synchronous networks cases.
3. The Optimized method for HO latency reduction

Based on our observation in section 2, we propose an optimized HO method as below. The method is shown in figure 3, and is described in the figure 2 flowchart. The motivation is as follows. The early start of the synchronization process as in [1]  such that the context transfers between eNBs and the synchronization process begin in parallel helps in latency reduction. So we adopt that in the new method. We also note that using the method in [4] is dependent on various factors and may not be always available. Due to its benefits though, we attempt to use it in the beginning if possible. We also note that the contention free approach in [2] may be invoked along with the context transfer process if a reserved signature is already available with the source eNB. Thus, in the new method, we specify that each eNB provide at least one signature each, from its HO-reserved signature space to each of its neighbors. Since having such contention free resources is costly in terms of channel capacity usage, we propose that only a small number of such signatures or opportunities be reserved for HO in each eNB. As an example, 6 signatures may be reserved, one for each neighbor. In order to save latencies, these are pre-communicated among neighbors. Thus, in the proposed method, we always attempt to ‘pre synchronize’ along with initiating context transfer between the eNBs. 
If a reserved signature may not be used for pre-synchronizing, the source eNB indicates to the UE to initiate a contention based access in the NSRA slot of the target eNB. This is described in [1] It is now the understanding of RAN2 that a single process be used for RACH regardless of the reason for using it. Thus, we propose that the contention based RACH slot access for HO be exactly as described for all other purposes. This includes any contention resolution. As described in [1] , in order to access the RACH in the target eNB, the UE has to forgo any UL transmission  in the source eNB that may overlap with the UL RACH access process in the target eNB. The source eNB is made known the times of RACH accesses in the target eNB by the UE, and it is required to not schedule the UE during those time-frequency resources. In any case, if a conflict occurs, we propose that the UE complete its RACH process properly in the target eNB, thus prioritizing transmissions to the target eNB versus the serving eNB. (The UE is assumed to be able to handle simultaneous reception from both target and source eNB). Potential UL transmission misses at the serving eNB will cause a false CRC and a NACK.

[image: image2]
Figure 2. The Optimized HO process
Inter-slot time: Time between consecutive NSRA slots or HO initial access opportunities. Thus, it is the maximum wait time for such opportunities.
‘Maintain neighbors’ reserved signatures for HO’ in figure2: Each eNB has a few (as an example say 6) signatures reserved for HO. The eNBs attempt to exchange with each other at least one exclusive signature from their reserved signature space. This way each of them has at least one HO reserved signature of each of their neighbors. This reserved signature of a neighboring eNB is assigned by the source eNB to a UE during HO in certain cases as in figure 2. Note that it is not guaranteed that at least one reserved signature of every neighbor is available at all times. At times, the reserved signature may be in use by a UE. The reserved signature is available again for other UEs after the serving eNB receives the Context confirm message from the target eNB. Note that the benefit of such pre-exchange of signatures is the saving in latency involved in handshake between eNBs when a reserved signature is required. We can have at least one reserved signature ready from the HO-signature-space of each of the neighboring eNBs. The source eNB can then indicate to the UE this signature at the same time as sending the initial HO indication and the initial communication to the target eNB. In this case, there is no contention resolution involved, but we still have early RACH access.
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Figure 3. The optimized HO process
4. Conclusion
In this document we proposed an optimized HO method in a intra-LTE inter-eNB scenario as a solution for reducing HO latencies. This method combines the benefits of three different approaches proposed in earlier meetings, as the methods were complimentary and each was better than others in specific different conditions. The optimized method aims to ‘pre-synchronize’ in parallel with the context transfer process between eNBs. It attempts to use the implicit TA computation method if possible. If not, the method then attempts to use pre-communicated (between eNBs) reserved signatures/contention free access opportunities, or a contention based NSRA access if the contention free opportunities are not available. The method provides an optimal approach to reducing HO latencies in an efficient manner.
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