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1 Introduction

In this document we are providing our view on different options on how initial transmission at the target eNode B can be done in the case of intra LTE handoffs. The discussion considers different possibilities in terms of transport channel usage and different type of information available to the UE at the time of handoff.
2 Intra LTE Handoff
The following table summarizes different options for initial UE uplink transmission at the target cell. The distinction has been made based on whether the UE has the target cell Uplink Timing Advance information, as well as if the UE’s initial uplink transmission is done in a contention or in a non-contention based manner. 
	 
	channel to be used
	UL TA at target cell
	target cell access type

	1
	 non-sync. RACH 
	TA not known
	contention

	
	
	
	

	2
	non-sync. RACH
	TA not known
	non-contention

	
	
	
	

	3
	sync. RACH 
	TA known
	contention

	
	
	
	

	4
	sync. RACH 
	TA known
	non-contention

	
	
	
	

	5
	UL-SCH
	TA known
	non-contention

	
	
	
	


Table 1.  Summary of different options for initial UL transmission at the target cell

Discussion

· Option 1 In this case UE has no timing advance information at the target cell, therefore it has to use non-synchronized random access channel in order to transmit its first uplink message. Since multiple users can select the same signature and random access TDD/FDD region, collisions can occur and will result in increased access delay and handoff service interruption time.  
· Some improvement in terms of overall handoff latency (while still having possible contention), can be done by reserving a set of RACH signatures (and/or potentially TDD/FDD regions) to be used for handoff purposes only. In this way target cell would know that the cause of random access is handoff, and in order to minimize latency, it would allocate to the UE UL-SCH resources which would be sufficient to accommodate all the necessary handoff control information in one (first) UL-SCH transmission. Also, by knowing the cause of random access target eNode B can, for example, based on the loading conditions, grant/deny and prioritize different random access requests. It can be expected that the handoff requests would be high on that priority list. 
· Option 2 In this case the target cell Timing Advance information is also not known to the UE performing handoff. However the target cell can assign to the UE a specific combination of random access signature and random access TDD/FDD region and by doing that it can prevent collisions - thus making the handoff non-contention based. Target eNode B can assign to the UE specific RACH resources in the handoff preparation stage: it can send the selected combination to the source eNode B first, which would then relay this information to the UE (e.g. in the Handover Command message, figure 9.1.5 in [1]). Because of complexity reasons Target eNode B would select the signature and slot combination from the pool of signatures (and potentially TDD/FDD slots) which are reserved in advance for handoff purposes. 
Benefits 
· No contention – resulting in improved Handoff Service Interruption Time By pre-assigning random access resources, contention during handoff would be eliminated, as well as the increase in the service interruption time which would otherwise occur when a collision on non-synchronized random access channel happens.

Target eNode B can also split the pool of reserved signatures into two sets. One set would be used for contention free handoffs and the small second set would be used in a contention based manner as a fallback procedure in the case that something goes wrong in the handoff execution phase (e.g. UE misses its assigned random access time slot on the target cell due to, for example, incorrect estimate of UL power it needs to use). 

As an alternative, to deal with potential error cases target eNode B can, instead of splitting signatures into two sets, make the random access resource assignment valid for multiple random access time slots. This would provide several chances to the UE to successfully transmit random access preamble. The proposed redundancy can be sustained since the random access channel in the proposed method is used in a scheduled TDM like fashion. 
· More efficient use of Physical RACH Resources Another benefit of advance assignment of random access signature and time slot combination is that the physical resources assigned to the random access channel would be used more efficiently. This comes from the fact that the portion of the physical random access channel resources (signatures and time slots) would be accessed in a scheduled based manner, as opposed to being accessed using random access schemes (e.g. aloha, and its variants).
 
· Options 3 and 4 In these two cases UE has the knowledge about uplink Timing Advance information on the target site, therefore it can use synchronized random access channel. UE can send its first uplink transmission in a contention based manner; or portions of the resources assigned to the synchronized RACH can be reserved for the purpose of contention free handoffs. This can be done in the same way as mentioned in option 2 where the target eNode B assigns in advance specific signature and slot combination to the UE. 

However reserving the portions of synchronized random access channel, or using it in a contention based manner, may not be efficient at all. To potential gain with respect to the use of non-synchronized RACH could only come from the synchronized random access message part. Based on the latest RAN1 discussions the message part is going to be very small and it would mostly be sufficient to accommodate UE ID.  This means that the handoff control information would still have to be sent in the subsequent UL-SCH transmissions. From the latency point of view it would be the same as if non-synchronized random access channel is used where the cause filed is indicated through signature selection. 
There are also issues of unpredictable load on synchronized random access channel which is dependent on many different factors (traffic types, QoS, number of users/flows, scheduling mechanisms in place, etc.) which would make the synchronized RACH more difficult to size in real system implementation in order to control access latency; as opposed to non-synchronized random access where the load is more predictable since it can be thought of being mainly topology driven.

Because of this we would rather use other options, such as transmitting over UL-SCH, or if target cell Timing Advance is not available then we prefer the use of non-synchronized random access channel - especially having in mind that the non-synchronized RACH is more efficient than the synchronized from the overhead point of view; for example, if the same fraction of uplink channel is reserved for non-synchronized and synchronized RACH, then non-synchronized RACH will have much more random access opportunities.
· Option 5 In this case UE has the knowledge about uplink Timing Advance on the target cell. In this option instead of using synchronized RACH, the UE can send its first uplink transmission in the uplink shared data region. Target eNode B can assign upfront to a UE cell specific C-RNTI identity, which can be communicated to a UE by the source eNode B in the Handover Command message. After it switches to the target cell, UE can just monitor target cell L1/L2 control channels to determine when to send its first uplink transmission. This option has many advantages over synchronized RACH options, where timing advance at the target cell is also known: two users will never transmit in the same region, therefore there will never be a contention, UL-SCH resource assignment can be always appropriately sized, and also uplink is accessed in a scheduled manner. This means that radio resources can be very efficiently used; especially in the situations when there can be many simultaneous handoff requests. 
3 Conclusion
Based on discussion it can be concluded that the use of non-synchronized RACH in a contention based manner during handoff can be considered as a default option which should be supported in any cell configuration.
Optimizations to a default case can be done to achieve contention free handoff procedure, thus reducing access latency and handoff service interruption time:

· If Timing Advance information is not available to the UE at the time of handoff then non-synchronized RACH can be used in a non-contention manner. In this case target eNode B assigns in advance to the UE specific combination of signature and TDD/FDD region to use for its initial transmission
· If the UE has the Timing Advance information on the target cell, then preferred optimization approach would be to send the first uplink transmission using UL-SCH channel
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