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9.4
Intra-LTE-access-system mobility

9.4.1
Intra-LTE-access-system mobility support for UE in LTE_IDLE

Refer to clause 7.7 in [3].

9.4.2
Intra LTE-Access-System Mobility Support for UE in LTE_ACTIVE

9.4.2.1
Description of Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE

The Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE handles all necessary steps already known from state of the art relocation/handover procedures, like processes that precedes the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.

9.4.2.2
Solution for Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE

9.4.2.2.1
C-plane handling:

The HO procedure is performed without MME/UPE involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB.



Figure 9.2: Information flow for Intra-LTE-Access Mobility Support 
1)
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update. 

2)
The source eNB entity configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB entity may assist the function controlling the UE's connection mobility.

3)
Based on measurement results from the UE and the source eNB, probably assisted by additional RRM specific information, the source eNB decides to handover the UE to a cell controlled by the target eNB.

4)
The source eNB issues a HO Request to the target eNB entity passing necessary information to prepare the HO at the target side. The target eNB configures the required resources.

5)
Admission Control is performed by the target eNB to increase the likelihood of a successful HO, if the resources can be granted by target eNB.
6)
The HO preparation is finished at the target side, information for the UE to reconfigure the radio path towards the target side is passed to the source eNB.  

A) from step 7) until 13) means to avoid data loss during HO are provided and are detailed in §9.4.2.2.2.
7)
 This step would consist of following sub stepsThe UE is commanded by the source eNB entity to perform the HO, target side radio resource information is contained. 
a. Before submitting HO Command to the lower layers, the RRC entity in eNB would command the RLC UP entities to stop the DL transmission so that RLC entities shall not submit any RLC PDUs to lower layer. The UL reception could continue. In case receiving entities are UM RLC entities, it will reassemble SDUs and transfer them to the upper layers as soon as all PDUs that contain the SDU have been received. As regards the AM RLC entities, if a Piggybacked ACK/NACK feedback is found in an AMD PDU, it is delivered to the Retransmission buffer & Management Unit at the transmitting side of the AM RLC entity, in order to purge the buffer of positively acknowledged AMD PDUs. 
b. The UE is commanded by the source eNB entity to perform the HO, target side radio resource information is contained
c. On receiving the HO Command the RRC entity in the UE would command the RLC UP entities to stop the UL transmission.  UE shall immediately initiate the L1/L2 signalling in the target eNB after this.
d. Since the user plane data transmission is stopped in both directions, the source eNB will be able to accurately synchronize the data transmission status between source and target eNB,  DL SDU forwarding could start from any point after this.

8)
The UE gains synchronisation at the target side.

9)
Once the UE has successfully accessed the cell, it sends an indication to the target eNB that the handover is completed.
10 a) Before submitting the HO Complete to lower layer, RRC entity in UE shall command the RLC UP entities to resume the UL UP traffic. 
10 b) On reception of HO Complete the RRC entity in eNB shall command the RLC entities to resume the DL traffic. eNB shall start the transmission of the forwarded DL packets received from the source eNB. 

11)
The MME/UPE is informed that the UE has changed cell. The UPE switch the data path to the target side and can release any U-plane/TNL resources towards the source eNB. 
12)
The MME/UPE confirms the HO Complete message with the HO Complete ACK message.

13)
The target eNB triggers the release of resources at the source side. The target eNB can send this message directly after reception of message 9.

14)
Upon reception of the Release Resource message, the source eNB can release radio and C-plane related resources in relation to the UE context. The source eNB should continue to perform data forwarding until an implementation dependent mechanism decides that data forwarding can be stopped and U-plane/TNL resources can be released.
15)
If the new cell is member of a new Tracking Area, the UE needs to register with the MME/UPE which in turn updates the area restriction information on the target side.

9.4.2.2.2
U-plane handling
The U-plane handling during the Intra-LTE-Access mobility activity for UEs in LTE_ACTIVE takes the following principles into account to avoid data loss during HO and hence to support seamless/lossless service provision:

-
During HO preparation a U-plane tunnel is established between the source eNB and the target eNB.
-
Before HO Execution begins at eNB, DL user data is stopped in eNB and before it begins at UE, UL user data is stopped in UE.
-
During HO execution, user data may be forwarded from the source eNB to the target eNB. The forwarding may take place in a service dependent and implementation specific way.

-
Forwarding of user data from the source to the target eNB should take place as long as packets are received at the source eNB from the UPE.
· During HO completion:
-  The UL data flow in UE could resume after sending HO Complete message and the DL data flow could   resume after the HO Complete command is received in target eNB
-
After the MME/UPE was informed by the target eNB that the UE has gained access at the target eNB by the HO Complete message, the U-plane path is switched by the MME/UPE from the source eNB to the target eNB.
-
The source eNB shall continue forwarding of U-plane data as long as packets are received at the source eNB from the UPE.
Unchanged Sections Removed
13.6
Mobility

13.6.1
Features supporting various mobile velocities

The E-UTRA supports seamless mobility across the cellular network; in RRC_CONNECTED handovers are supported with resource preparations at the target cell, whereas in RRC_IDLE the UE performs cell reselections and updates tracking areas. Inter-frequency mobility is also supported, hence making the E-UTRA flexible in supporting various deployment scenarios.

The E-UTRA is capable of supporting various mobile velocities. The main features that support efficient data transmission at various speeds are listed below.

-
The subframe size of 0.5 ms makes the E-UTRA capable of adapting to fast changing radio link conditions and allows exploitation of multiuser diversity.

-
The use of scheduled and diversity resource allocation in the frequency domain allows optimisation for various speeds, i.e., the diversity resource allocation increases frequency diversity gain at high speeds, whereas the scheduled resource allocation increases multiuser diversity gain at low speeds.

-
The RLC and MAC (HARQ) status can be inherited at the target cell when the handover is intra-eNB.

-
Forwarding of the data buffered in the source eNB to the target eNB prevents packet loss at handovers.

-
The measurements for neighbour cells are performed without compressed mode, hence without wasting radio resources. The relevant measurements for neighbour cells that operate on a different carrier frequency from the currently served frequency, are performed during transmission/reception gaps provided by DTX/DRX, or by the packet scheduler.

13.6.2
Assessment on U-plane interruption time during handover


[image: image4]
Figure 13.3: U-Plane interruption involved in the intra-MME/UPE HO procedure in E-UTRAN

The generic handover procedure assumed in E-UTRAN is shown in Figure 13.3, with associated delays encountered in the procedure. In the figure four constituents for the U-plane interruption are identified, i.e.,  (a) DL RRC Signalling, (b) radio layer process, (c) UL RRC signalling, (d) DL L2 signalling, and (e) path switch. Each component is elaborated below.
     -     DL RRC Signalling (a) 

           Before submitting HO Command to the lower layers, the RRC entity in eNB would command the RLC UP entities to stop the DL transmission so that RLC entities shall not submit any RLC PDUs to lower layer. The delay represented in this component includes the time taken to encode the RRC message at the transmitter, the time taken to transmit the message over the radio interface, and the time required to process the message at the receiver
On receiving the HO Command the RRC entity in the UE would command the RLC UP entities to stop the UL transmission.  
-
Radio layer process (b)

This is the delay between HO command to UL resource allocation, hence consisting of these elements:

1)
Frequency synchronization: The time taken for frequency synchronisation depends whether the target cell is operating on the same carrier frequency as the currently served frequency or not. However, this should be very small because the UE has already identified and measured the target cell. Thus, the UE should have somewhat recent frequency synchronization, and the delay caused by this element is then negligible.

2)
DL synchronization: It is thought that baseband and RF alignments may take some time. Although concrete evaluation was not performed, it was assumed that around 5-10 ms should be possible.

3)
UL resource request and timing advance acquisition: This delay depends largely on the applicable procedure, which is to be decided in the WI phase:
a)
RACH procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending.

b)
Non-contention based access burst procedure: In principle, this method should avoid resending because no collision between two UEs would occur. On the other hand, the UE has to wait for the allocated timing to send the access burst, which is then used by the network to calculate timing advance. The time spent with this method depends on the requirements set on the UE for changing the cell after the HO command. According to these requirements, the network might not want to allocate resources for the access burst too soon, that is, before the time spent after the HO command exceeds the DL synchronization requirement.


Although estimating a plausible value is difficult because the RACH procedure is currently undecided in RAN1, the delay can be assessed as below. The worst case delay (for method a) can be obtained by assuming that the random access procedure includes transmission of a preamble on a contention based resource, followed by transmission of the actual random access message on a scheduled resource. If no retransmission was needed, the delay would then consist of (1) waiting for an access slot for the preamble, (2) waiting for the resource allocation for the RACH message, and (3) sending the RACH message. The mean time of (1) could be 2.5 ms (assuming two access slots in 10 ms). The delay (2) from the beginning of the preamble to the beginning of the RACH message, i.e., the RTT, could be 2.5 ms (i.e., 5 sub-frames). The delay (3) is assumed to be less than 2 ms. These numbers result in a mean delay of 7 ms from the moment that the UE has synchronized to the downlink (and read the system info) to the moment that the random access message has been sent. If the random access procedure does not contain a preamble to be sent separately from the actual message, 2.5 ms can be subtracted from the mean value. Every retransmission of the preamble adds to the delay at least one RTT or the access slot separation, whichever is longer. In practice, we need to use a random back-off system, which implies that the mean delay for one retransmission is always larger than the access slot separation.

In the non-contention based method, the network knows more accurately when the UE would be ready in the cell, and hence needs to assign fewer resources for RACH. However, the delay would be dictated by the requirement on DL synchronization speed of the UE.

The time taken to calculate the UL timing advance at the target eNB also adds up to the delay.

-
UL RRC signalling (c),

 On reception of HO Complete the RRC entity in target eNB shall command the RLC entities to resume the DL traffic. eNB shall start the transmission of the forwarded DL packets received from the source eNB. For the UL, the RRC entity in UE shall command the RLC UP entities to resume the UL UP traffic on submitting the HO Complete to lower layer. Although the U- plane would become active after the L2 Resource allocations are indicated to the UE. 
 
The delay represented in this component includes the time taken to encode the RRC message at the transmitter, the time taken to transmit the message over the radio interface, and the time required to process the message at the receiver. Of the three, the time taken to transmit over the radio interface is thought to be the dominant factor. This delay can be reduced by scheduling the message at a high priority and by using a low error rate transport format. In the optimal case, this delay should be less than 5 ms, but could end up significantly longer, e.g. 20 ms, due to HARQ/ARQ.
- L2 Resource Allocation Signalling (d )

After the UE and target eNB are prepared to resume the U –plane traffic, L2 resource allocation signalling would be required before the U-plane data could actually start. The delay represented in this component includes the time taken to transmit the L2 resource allocation over the air interface.
-
Path switch (e)


This includes all aspects of the path switch process, which is initiated by the reception of HO complete from the UE at the target eNB. The delay component includes the time taken to transmit the path switch message over the S1 interface, the time taken to process the path switch at the MME/UPE, and the time taken to transmit the packet from MME/UPE to the target eNB over the S1 interface. In the DL, if forwarded packets are already available in the target eNB, these packets can be sent to the UE before the path switch.
According to this model, the total interruption time of the U-plane in the UL is (b) + (c) + (d), whereas the interruption in the DL is (a) + (b) + (c) + (> d,e). Note that if forwarded packets are available in the target eNB before path switch, the total interruption time in the DL would be (a) + (b) + (c) + (d). The forwarding can continue even after the path switch, depending on the amount of data that had to be forwarded and the transmission rate over the inter-eNB interface. However, what is essential is the delay for the first forwarded packet to arrive at the target eNB, as the target eNB can then resume transmission as soon as the radio layer is ready, receiving the HO complete. It is generally assumed that the forwarding delay (of the first packet) is smaller than the radio layer delay (b) + (c).
Table 13.5: U-Plane interruption components and estimates

	
	Component
	Cause
	Estimate [ms]

	 (a)
	DL RRC signaling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	5

	(b)
	Radio layer process
	- DL synchronization time, including e.g., baseband and RF switching time

- UL resource request and timing advance acquisition

- UL resource granting
	20

	(c)
	UL RRC signaling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	5

	(d)
	DL L2 signaling
	- UL/DL Resource granting
- L2 transmission over the radio
 
	3

	(e)
	Path switch process
	- Message transmission over the S1 interface
- Path switch processing time

- Packet transmission over the S1 interface
	5


Table 13.5 shows the estimated mean value for each delay component. Therefore, the total interruption time on average are estimated as below:

-
UL interruption time = 30 ms

-
DL interruption time = 30 ms (25 ms, if forwarded packets are available at the target eNB before path switch).

Note that these estimates may vary depending on the detailed procedures that are yet to be decided. Depending on how U-plane data forwarding is done between the source and target eNBs, the U-plane interruption time seen by the application layer may be increased due to possible duplicate transmissions of the forwarded data from the target eNB. However, in a typical case the U-plane interruption time is unlikely to exceed 100 ms. On the optimistic end, interruption times as low as 15 ms are possible.

The time spent between the instance when the UE decides to transmit the measurement report and the UE receives the HO command does not contribute to the U-plane interruption. However, this delay is also expected to be kept within a bearable limit in order to avoid radio link loss between the UE and eNB, and to avoid impact on capacity.
13.6.3
Means to minimise packet loss during handover
As a means to minimise packet loss during handover, packet forwarding from the source eNB to the target eNB is supported using the X2 interface. When the handover does not incur change of the serving eNB, the RLC and MAC status can be inherited after the handover. If the handover involves change of the serving eNB, packets that are buffered in the source eNB are forwarded to the target eNB via the X2 interface. Hence, packet loss due to handover can be avoided. The forwarding may take place in a service dependent and implementation specific manner [6].
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