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1 Introduction
There have been several submissions in RAN2 on the subject of reliability, latency, and data handling during handover [2]

 REF _Ref165711955 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref169495452 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref169495460 \r \h 
 \* MERGEFORMAT [6]

 REF _Ref169495461 \r \h 
 \* MERGEFORMAT [8]. In this contribution, we present a brief analysis of handover performance of various proposals in terms of HO command reliability, break latency at the source eNB, and data handling. 
Based on the analysis, we observe the following: 
1. The current baseline proposal is barely acceptable in terms of reliability but the proposals in [2] and [3] are significantly better and comparable to each other in meeting the target requirements for reliability. 
2. There is a trade-off between proposals [2] and [3] in terms of the radio channel resources used and the traffic overhead on the X2 interface versus the latency incurred in the handover process. 

The rest of this contribution is organized as follows. Section 2 briefly presents the three main proposals that we analyze. In section 3, we discuss the performance of the proposals in terms of latency, reliability, and data handling. Section 4 summarizes our observations based on the analysis.
2 Background
2.1 Baseline
The baseline proposal for HO command from the Source eNB to the UE relies on the HARQ Stop and Wait protocol to provide the sufficient reliability. As such, the current RAN2 draft [1] states that an RLC acknowledgement for the HO Command from the UE to the Source eNB may probably be required. The baseline document also makes no mention of DL RLC Status reports in connection with the HO procedure. However, after HO, the absence of a DL RLC Status report could lead to unnecessary retransmission of the RLC PDUs over the air.
There have been two proposals for improving reliability in handover over the baseline HO control sequence discussed in Section 10.1.2.1.1 in [1]. 

2.2 Proposal A

The first proposal [2] is to improve reliability of HO Command by repeating copies of the L3 HO Command message, each message being transmitted via a different HARQ process. Further, in related documents [5, 8], it is proposed that the forwarding of PDCP SDUs corresponding to unacknowledged RLC PDUs from the Source eNB to the Target eNB can begin simultaneously with the HO Command. A DL RLC Status report from the UE to the Target eNB will ensure that RLC PDUs are not unnecessarily repeated over the air. 

We will refer to this technique as Proposal A. The document assumes that independent HARQ processes will suffer independent fading, and thus the repetition will allow for greater probability of success of the HO Command. Note, however, that this proposal does not rely on a Layer 3 (L3) acknowledgement from the UE to the Source eNB. 
2.3 Proposal B

The alternate proposal [3] recommends an RRC/RLC HO Command ACK from the UE to the Source eNB confirming receipt of the HO Command.  Further, in a related document [6], it is proposed that the UE send a DL RLC Status report together with the HO Command ACK message. Forwarding will start only when the RLC Status report is received by the Source eNB – thus, only the PDCP SDUs corresponding to the unacknowledged RLC PDUs need to be forwarded over the X2 interface to the Target eNB. We will refer to this technique as Proposal B. 
The document [3] shows clearly how the L3 HO Command ACK protects against HO command failures. We will discuss this subsequently in Section 3.2. While the proposal increases latency, as we will analyze in Section 3.1, this reduces the load of data forwarding from the Source eNB to the Target eNB on the X2 interface as discussed in Section 3.3. 
3 Analysis and performance comparisons

While both Proposals (A and B) improve reliability, they are each at the cost of either latency (for the case of Proposal B), network resource on the X2 interface (Proposal A) or radio channel resources (Proposal A). In this section we discuss the performance of the three proposals in terms of latency, reliability, and data handling considerations.
3.1 Latency

User plane interruption during handover starts as soon as the HO Command is issued by the Source eNB to the UE. This interruption terminates with the first UL message – potentially carrying data as well – from the UE to the Target eNB indicating that the handover is complete. For all the 3 proposals, the latency differences are only in the process of ‘breaking away’ from the source eNB. The shortest time after the HO command is received, by which the UE can completely disconnect and move to the target cell is different in the 3 cases. Let us consider these differences below.
3.1.1 Baseline break latency
We will consider all latencies in comparison to the baseline HO Procedure of [1]. The overall HO Latency at the PHY layer can be broken down, as in [4] into HO Breaking Latency, RACH slot wait time for the Target cell, RACH turnaround time and UL allocation wait time. All things remaining equal, the latency effects of Proposals A and B are in the HO Breaking Latency at the Source eNB. 

Considering a HARQ ACK time of 3ms, and considering 30% retransmissions with a round trip time of 5 ms, we get an average break latency of 3ms+0.3*5 = 4.5ms.

3.1.2 Under Proposal A

There are no significant additional latencies due to Proposal A. Forwarding of unacknowledged packets can start with the first HO Command. Hence there is no additional latency at the Source eNB. Thus the break latency in this case is also 4.5ms on average. 
3.1.3 Under Proposal B

Under proposal B, the break from the source eNB cannot happen until the UE receives an HARQ ACK for the RLC/RRC Handover Command ACK message. We assume that the HO command can carry the scheduling information for the UL RRC/RLC ACK for the command. Thus, we assume that the additional delay after sending the HARQ ACK for the HO command (as in baseline and proposal A) is the time to receive the HARQ ACK for the RRC/RLC ACK. This delay on an average is 4.5ms, as per the same calculations as done to compute the HARQ ACK wait time for the HO command. Thus, the total break latency for this case is 4.5ms + 4.5ms = 9ms on average.
Moreover, if both the DL HO Command and the UL HO Command ACK fail once, we will require retransmission adding up to 3ms + 5ms + 3ms + 5ms = 16ms. 

3.2 Reliability

At present RAN2 does not specify a reliability target for Intra E-UTRAN Handovers. Our metric of HO Reliability will be the HO failure probability. To obtain an estimate of the target reliability, we will make the following assumption on UE behavior:

Assumption 1: A UE is tolerant of 1 HO failure per year.
Assumption 2: A UE experiences no more than 300 HO occurrences per day.
Based on the above assumptions, the target reliability should be 1 HO failure in 300×365 HO occurrences, leading to an acceptable failure probability of ~ 10-5.
3.2.1 Under Baseline 

In RRC_CONNECTED state the baseline proposal relies solely on HARQ correction. HARQ errors occur either 
i) due to ACK( NACK errors (which occur with probability <10-2) or 
ii) due to NACK(ACK errors (which occur with probability <10-4) or

iii) due to the HARQ process reaching the maximum number of retries (MAX_RETRIES).

In the case of an ACK( NACK error, as shown in [3], there is no HO failure since the UE has received the HO command successfully and moves to the new eNB. The only problem is that the eNB retransmits the HO command till the maximum configured number of HO retransmissions is reached. 
However, for the case of a NACK-ACK error, the UE suffers a HO failure since the eNB initiates HO procedures and stops UL and DL allocations to the UE. It is commonly assumed that at the cell edge, which is typically where HO occurs, the packet error rate of a HARQ TB is likely to be approximately 0.1 – 0.3. The probability of a HO failure resulting from a NACK( ACK error is of the order ~ 4e-5. This barely matches the target HO reliability in Section 2.2. 
Since HO operations can occur in the cell edge where the UE may suffer from deep fades, the probability of failure due to MAX_RETRIES under normal adaptive choice of MCS is targeted at 1e-3 to 1e-4. Thus, relying on HARQ procedure for HO might not be enough if we assume that the HO Command Transport block is coded just like a regular DL data block using adaptive MCS. From the above, we assume that the HO command failure probability is 5e-4 (average of 1e-4 and 1e-3).
3.2.2 Under Proposal A

For K retransmissions of the L3 HO Command using K independent HARQ processes, the probability of HO Command failure is ~ (5^k)(1e-4K). Even at K=2, this exceeds the required HO success rate by a large margin.

3.2.3 Under Proposal B

If k retransmissions at the RLC/RRC level are allowed, this provides reliability that is similar to having k different independent HARQ processes as in proposal A. Thus the reliability in this proposal is of the order of (5^k)(1e-4k) from above. 

3.3 Data forwarding on X2 interface
After the HO command is issued, in addition to the new data coming in from the serving gateway (S-GW) that the Source eNB must forward to the Target eNB, the Source eNB also needs to ensure that PDCP SDUs corresponding to unacknowledged RLC PDUs are forwarded. 

3.3.1 Baseline

The baseline scheme does not specify when forwarding should begin. So either methods as in proposal A or proposal B may be used. 
3.3.2 Under Proposal A

Since the forwarding of data starts simultaneously with the HO Command, all PDCP SDUs corresponding to unacknowledged RLC PDUs need to be forwarded to the Target eNB. We analyze the peak data rate on the X2 interface for provisioning purposes, as well as the average load on the X2 interface. 
For Radio Bearers carrying TCP data at 1Mbps, we will assume that the DL RLC Status report frequency is 1 in 100ms, giving an average period of unacked traffic to be 50ms. The peak size of the buffer at the Source eNB containing un-ACKed SDUs is 100ms ×1Mbps. The DL Status Report received at the Target eNB verifies which of the unacknowledged SDUs have been received by the UE correctly. Hence, it is necessary that all the unacknowledged SDUs be forwarded from the Source to the Target eNB within a short time (~ 20ms) before the DL Status Report is received at the Target eNB. If this data is not received in time, there is additional latency until this data is reached at the target eNB, and then further new data can also reach the target eNB. Thus the X2 interface needs to have a peak provisioning of (100ms ×1Mbps)/20ms = 5Mbps/Radio Bearer/Handover for the unacknowledged packets. Note that the new packets that have never been attempted in the source eNB can start arriving after the 20 ms interval when the UE attaches to the target eNB. This 5x load compared to the normal flow load is a significant load on the X2 interface. Most of the SDUs passed are already with the UE, and only a few small fraction of these SDUs need to be retransmitted over the air from the Target eNB to the Source eNB.
3.3.3 Under Proposal B

Since the forwarding of data only after the most recent DL RLC Status report has been received, the number of outstanding RLC PDUs will be very small (of the order of 1-2). Corresponding only the PDCP SDUs corresponding to these RLC PDUs need to be transmitted on the X2 interface, and so the extra provisioning for the backlogged RLC PDUs on the X2 interface is not critical. 
4 Conclusion

We find that under the assumptions stated above, the target HO failure rate of 10-5 is sufficient for good service. Further, the baseline proposal in [1] may be insufficient to achieve this target reliability. The proposal in [2] and [5, 8] leads to higher channel resource utilization and is hence wasteful, while the proposal in [3] and [6] may lead to additional latencies at the Source eNB.
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