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1
Introduction

It has been decided to support data forwarding from source eNB to target eNB as a mechanism to provide lossless intra-LTE mobility [1]. However, it still needs to be decided whether data forwarding is to be performed based on RLC SDUs or RLC PDUs. The decision, if any, should be reported to RAN WG3 as they have inquired this in a LS [2].
In this contribution, the general data forwarding mechanism is described in section 2 for both RLC PDU based and RLC SDU based data forwarding. Then, the two mechanisms are compared in terms of complexity in section 3, and in terms of performance through simple simulations in section 4.
2
Data forwarding mechanism
Figure 1 below shows a possible scenario at the time when inter-eNB handover is performed.
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Figure 1 – Possible RLC state at inter-eNB handover
In Figure 1, those RLC PDUs and SDUs in green are data which have been received successfully at RLC, and those in white are data which have not yet been received successfully at RLC. In detail, Figure 1 illustrates the following:

1. All data up to an including RLC SDU #0 (i.e. RLC PDU #1) have been received successfully at RLC
2. Only part of RLC SDU #1 (i.e. RLC PDU # 2) has been received successfully at RLC 
3. RLC SDU #2 has been received successfully at RLC, but out of order
4. All data from and after RLC SDU #3 have not been allocated a transmission yet
2.1
RLC PDU based data forwarding
Figure 2 below shows how RLC PDU based data forwarding can work under the scenario illustrated in Figure 1.
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Figure 2 – RLC PDU based data forwarding
As shown in Figure 2, in the DL, only those PDUs for which Acks have not been confirmed and those SDUs for which transmission have not been allocated yet at source eNB RLC can be forwarded to target eNB. In the UL, those PDUs which have been received successfully but belonging to SDUs that cannot be reassembled must be forwarded to target eNB for reassembly. If in-sequence delivery on RLC level is assumed, all PDUs of successfully received out of order SDUs must also be forwarded to target eNB for reordering purposes as shown in Figure 2. Along with these data, the complete RLC status-like information must be transferred from source to target eNB. After the handover, only those data that have not been successfully received between source eNB and UE can be transmitted between target eNB and UE, and hence no duplicate transmission results over the air interface.
2.2
RLC SDU based data forwarding
Figure 3 below shows how RLC SDU based data forwarding can work under the scenario illustrated in Figure 1.
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Figure 3 – RLC SDU based data forwarding
Figure 3 shows the case where even those SDUs received successfully at RLC between source eNB and UE are discarded if they are out of order at the time of handover. As shown in Figure 3, in the DL, all SDUs are forwarded from the first SDU that an Ack has not been confirmed on SDU level at source eNB RLC. Any RLC PDUs received successfully but unable to be reassembled into RLC SDUs or received out of order at the time of handover are discarded. In the UL, no data is forwarded, and PDUs that have been received successfully at source eNB RLC but either not reassembled as SDUs or are out of order at the time of handover are discarded. Along with these data, only the last received UL RLC SDU info and the last Ack confirmed DL RLC SDU info has to be transferred from source to target eNB. After the handover, duplicate transmission results over the air interface for those RLC PDUs that were discarded.
Note that this approach minimizes RLC control information to be transferred to target eNB, but not the amount of forwarded U-plane data, and serves as a worst-case scenario for the RLC SDU based data forwarding from the U-plane perspective. With a more precise forwarding of RLC state information, discarding of RLC SDUs received successfully but out of order at source eNB (i.e. RLC SDU #2 in Figure 3) can be avoided, but this is FFS.
3
Complexity comparison

The pros and cons for the RLC PDU based data forwarding from the complexity perspective are identified below.

Pros
· None?
Cons

· Increased complexity for forwarding DL data in the sense that both RLC PDUs and SDUs are forwarded (to forward RLC PDUs, concatenation of RLC PDUs into suitable-size IP packets for transport will be needed)
· Increased complexity in the forwarding procedure in the sense that RLC status-like information must be transferred

The pros and cons for the RLC SDU based data forwarding from the complexity perspective are identified below.

Pros
· Simple data forwarding mechanism in the sense that only RLC SDUs are forwarded for DL data

· Simple data forwarding mechanism in the sense that no RLC data are forwarded for UL data

· Simple data forwarding mechanism in the sense that RLC state information to be transferred can be minimized
Cons

· None?
From the complexity perspective, RLC SDU based data forwarding is in no doubt much simpler compared to RLC PDU based data forwarding. With RLC PDU based data forwarding, DL data forwarding must be performed using both RLC PDUs and RLC SDUs, and in addition RLC status-like information must be transferred from source to target eNB.
Conclusion: RLC SDU based data forwarding can be provided in a much simpler fashion compared to RLC PDU based data forwarding.

3
Performance comparison
The pros and cons for the RLC PDU based data forwarding from the performance perspective are identified below.

Pros
· No duplicate transmission over the air interface

· Minimum load over the X2 interface for forwarding DL data
Cons

· Increased load over X2 interface for forwarding UL data to assist SDU reassembly and possibly reordering

The pros and cons for the RLC SDU based data forwarding from the performance perspective are identified below.

Pros
· Minimum load over the X2 interface for forwarding UL data
Cons

· Duplicate data transmission occurs over the air interface between target eNB and UE after handover

· Increased load over X2 interface for forwarding DL data

From the performance perspective, RLC PDU based data forwarding will be more radio efficient. For the RLC SDU based data forwarding, duplicate transmission of data that was successfully received between UE and source eNB but was not reassembled into RLC SDUs, and in the worst case RLC SDUs that were successfully received between UE and source eNB but received out of order at the time of handover would need to take place between UE and target eNB. From the X2 interface load perspective, the difference between the two mechanisms is thought to be small since RLC PDU based data forwarding incurs UL data to be forwarded over the X2 interface, whereas RLC SDU based data forwarding incurs more DL data to be forwarded over the X2 interface.
Conclusion: RLC PDU based data forwarding is more radio efficient compared to RLC SDU based data forwarding.

3.1
Simulations

In this section, we try to quantify the performance loss in RLC SDU based data forwarding compared to the RLC PDU based data forwarding. In general, duplicate transmission due to RLC SDU based forwarding impacts performance in the following ways:

1. Capacity loss due to inefficient usage of radio resources simply due to duplicate transmission

2. Increased interruption time at handover observed by the application layer

As a rough estimation, the average number of TTIs required for the duplicate transmission can be calculated as [RLC SDU size]/[HARQ PDU size]/2. However, the value is expected to increase with N-channel SAW HARQ.

Therefore, a simple N-channel SAW HARQ simulation was performed in order to estimate the number of TTIs required for duplicate transmission due to RLC SDU based data forwarding. Table 1 below shows the simulation assumptions.

Table 1 – Simulation assumptions
	Simulation assumptions

	6-channel SAW HARQ

	Constant RLC SDU size of 1500byte

	HARQ TB size constant in time, with the TB size varied for different simulations

	Handover instance was varied uniformly

	Assumed HARQ BLER profile

HARQ Tx #

Residual BLER

1

40%

2

7%

3

2.2%

4

0.3%

5

0.08%

6

0.025%

7

0.004%

8

0.001%

9

0.0001%

10

Error free




For simplicity, a constant RLC SDU size of 1500bytes, size of a typical TCP packet, was assumed. Since the loss of RLC SDU based data forwarding compared to RLC PDU based data forwarding will be more prominent with large RLC SDU sizes, this assumption can be thought of as a worst case scenario for the RLC SDU based data forwarding. Also for simplicity, HARQ PDU size was simulated to be constant in time. The simulation was performed for HARQ PDU sizes of 160bits (320kbps @ 0.5ms TTI), 320bit (640kbps @ 0.5ms TTI), 480bit (960kbps @ 0.5ms TTI) and 640bits (1.28Mbps @ 0.5ms TTI). Note that small HARQ PDU sizes were chosen to investigate the worst case performance for RLC SDU based data forwarding. Also note that the comparison was made between the RLC PDU based data forwarding mechanism illustrated in Figure 2 and the RLC SDU based data forwarding mechanism illustrated in Figure 3, which is the worst case scenario for RLC SDU based data forwarding.
The result is show in Figure 4 below.
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Figure 4 – Number TTIs to complete duplicate RLC PDU transmission for RLC SDU based data forwarding
With a 160bit HARQ TB size and 1500byte RLC SDU size, RLC SDU based data forwarding results in 55 TTIs being used for duplicate transmission after handover. It is thought that this represents the worst case scenario, considering that the smallest HARQ TB size should not be much less than 160bits. For reference, the smallest TB size is 137bits and 120bits for HSDPA and HSUPA, respectively.

Now, what comes of interest is the loss due to RLC SDU based data forwarding in the DL for LTE in a 5MHz bandwidth cell. For HSDPA, the cell edge throughput is around 300-500kbps for the conventional RAKE receiver when only 1 UE is scheduled in a TTI (actually, this figure is an average value based on a link level simulation in which there is 1 UE scheduled all the time and is thought to be pessimistic, since higher TTI level throughput is expected when there are multiple UEs in a cell due to UE diversity.). For LTE, it is assumed that the DL cell edge throughput will at least double due to Rx diversity, and hence a DL cell edge throughput of at least 600kbps-1Mbps is expected for a 5MHz bandwidth. Looking at Figure 4, for a throughput of 600kbps-1Mbps and for a 0.5ms TTI, the number of TTIs that needs to be spent for duplicate RLC PDU transmission is between 20-30 TTIs, which translate to 10-15ms in time for a 0.5ms TTI.

3.2
Observations

In section 3.1, it was shown that duplicate transmission of 20-30 TTIs (10-15ms for 0.5ms TTI) might take place on average for SDU based data forwarding under the following conditions:

· 1500byte SDU

· HARQ throughput of 600kbps-1Mbps (DL cell edge throughput in LTE for 5MHz bandwidth)
For TCP applications, additional interruption of 10-15ms should not impact the end performance. For delay sensitive applications like VoIP and gaming, there might be no need for data forwarding anyways and even if data forwarding is performed, there is no issue since the SDU sizes are anyways small.

From the radio efficiency perspective, 20-30 TTIs of duplicate transmission does not seem to be an issue considering that the frequency of handover should not be that high during a lifetime of a connection, and also since the number of users performing handover is a small percentage of the entire users.
Conclusion: From the above, it is concluded that the gains of RLC PDU based data forwarding over RLC SDU based data forwarding may not be that much.
4
Conclusion
In this contribution, RLC PDU based data forwarding and RLC SDU based data forwarding were compared in terms of complexity and performance. It was concluded in section 2 that RLC SDU based data forwarding can be supported in a much simpler fashion compared to RLC PDU based data forwarding. In section 3, the performance gains of RLC PDU based data forwarding over RLC SDU based data forwarding was assessed in a simple simulation, and it was concluded that the gains are marginal.

From these points, it is proposed to support RLC SDU based data forwarding for inter-eNB handover in LTE due to its simplicity and robustness. Also, by supporting RLC SDU based data forwarding for inter-eNB handover, if data forwarding from source eNB is adopted for inter-RAT handover, in which RLC PDU based data forwarding cannot be performed,  the data forwarding mechanism that has to be supported by the eNB will be similar the for intra-LTE and inter-LTE handovers.
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