
3GPP TSG-RAN WG2 Meeting #96
R2-167910
Reno, USA, 14th – 18th November 2016
Agenda Item:

8.6.1
Source:



ETRI
Title:




Inaccurate eNB Estimation vs. Accurate UE Indication
Document for:

Discussion and Decision
1. Introduction 
The current working assumption of data forwarding in Make-Before-Break HO is that the S-eNB determines the start time of data forwarding by estimating the time point of UE accessing to the T-eNB [1], [2]. However, it is not accurate because the S-eNB does not know exactly when the UE has access to the T-eNB. Also, the current working assumption of UL grant allocation in RACH-less HO is that the T-eNB determines the time of UL grant allocation by estimating the time point of UE accessing to the T-eNB [1], [3]. However, it is also not accurate because the T-eNB does not know exactly when the UE has access to the T-eNB. We need to strive for an accurate solution to make hole-proof specs.
In this contribution, we discuss above misalignments between the UE and the S-eNB or T-eNB and propose the “UE indication” to resolve these misalignments at the same time.
2. Inaccurate eNB Estimation vs. Accurate UE Indication
2.1. Inaccurate S-eNB Estimation

In the current working assumption of Make-Before-Break HO, the S-eNB starts data forwarding when it decides to stop exchanging data with the UE. The timing for starting data forwarding is determined by the S-eNB’s estimation. However, it is not accurate because the S-eNB does not know exactly when the UE has access to the T-eNB [2], [4]. So, there can be a misalignment between the UE and the S-eNB when to stop exchanging data. A time point earlier than the exact timing can lead to the increased mobility interruption time (MIT) if the S-eNB stops sending data to the UE at this time, or lots of data duplication or unnecessary data forwarding if the S-eNB continues sending data to the UE at this time. On the contrary, a time point later than the exact timing can lead to the increased MIT.
Observation 1: The current working assumption of data forwarding in Make-Before-Break HO, i.e., S-eNB’s estimation, is not accurate.

Observation 2: The misalignment between the UE and the S-eNB can lead to lots of data duplication or unnecessary data forwarding and the increased mobility interruption time.

2.2. Inaccurate T-eNB Estimation
In the current working assumption of RACH-less HO, the T-eNB allocates the UL grant to the UE after the T-eNB estimates when the UE has access to the T-eNB. However, again, it is not accurate because the T-eNB does not know exactly when the UE has access to the T-eNB [3], [4]. So, there can be a misalignment between the UE and the T-eNB when to allocate the UL grant. A time point earlier than the exact timing can lead to lots of waste of UL grant. On the contrary, a time point later than the exact timing can lead to the increased MIT.
Observation 3: The current working assumption of UL grant allocation in RACH-less HO, i.e., T-eNB’s estimation, is not accurate.

Observation 4: The misalignment between the UE and the T-eNB can lead to lots of waste of UL grant or the increased mobility interruption time.

2.3. Accurate UE Indication
By the introduction of the UE Indication, the timing of HO in the UE, the S-eNB, and the T-eNB can be aligned, therefore, we can resolve these misalignments between the UE and the S-eNB or T-eNB. The S-eNB can stop exchanging data with the UE and start data forwarding to the T-eNB after receiving the UE Indication from the UE. The T-eNB can allocate the UL grant to the UE after receiving the UE Indication from the UE via the S-eNB. It is not only straightforward but also accurate.
Observation 5: By the introduction of the UE Indication, the timing of HO in the UE, the S-eNB, and the T-eNB can be aligned, therefore, we can resolve these misalignments between the UE and the S-eNB or T-eNB.
Observation 6: The UE Indication is not only straightforward but also accurate.
The UE Indication is not an alternative to the current working assumption for the purposes of drafting the CRs, but a further enhancement to improve the mobility performance. By the introduction of the UE Indication, we can resolve misalignment issues at the same time, as discussed in this paper. Furthermore, we can reduce the MIT and the UE throughput loss as much as possible, without the waste of radio resource, since the HO timing of the UE and the S-eNB can be aligned. Also, we can support RACH-less HO without the waste of UL grant, since the HO timing of the UE and the T-eNB can be aligned.

Observation 7: By the introduction of the UE Indication, we can reduce the MIT and the UE throughput loss as much as possible, without the waste of radio resource or UL grant.
The option 6 [5] was removed from the candidate options of solution 2 family on the nebulous ground that the “UE Indication” is unlikely to be delivered successfully [6]. However, that is not a reasonable observation and the “UE Indication” is highly likely to be delivered successfully to the source eNB as discussed in our companion paper [7].

Observation 8: The “UE Indication” is highly likely to be delivered successfully to the source eNB.
Even if the “UE indication” transmission fails, the UE can execute an HO successfully to the T-eNB and the T-eNB can send X2 HO Indication to the S-eNB. In that case, the performance is still the same as the current working assumption.
As a general observation, Make-Before-Break HO will typically favour ‘aggressive’ handover settings, in the sense that the network may trigger the UE to attempt handover more aggressively or earlier than before, since the UE can fallback to the source cell even if handover failure occurs [8]. Moreover, for NR, early HO CMD solution have been proposed to improve the mobility robustness [9], [10]. With the early HO CMD solution, there are two reasons why the UE Indication is imperatively necessary. First, the eNB’s estimation becomes more difficult because the HO CMD is sent even earlier. The other is that if the S-eNB issues HO preparations for several candidate target cells, the S-eNB does not know exactly which target cell is selected by the UE before the X2 HO Indication. Therefore, the MIT can be increased by 2 * X2 delay. The UE can notify the S-eNB of selected target cell in the UE Indication message if the UE has more than one valid early HO CMDs [10].
By the introduction of the UE Indication, the intra-MME/Serving Gateway HO procedure is shown in Figure 1.
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 Figure 1. Intra-MME/Serving Gateway HO
3. Conclusion
Observation 1: The current working assumption of data forwarding in Make-Before-Break HO, i.e., S-eNB’s estimation, is not accurate.

Observation 2: The misalignment between the UE and the S-eNB can lead to lots of data duplication or unnecessary data forwarding and the increased mobility interruption time.

Observation 3: The current working assumption of UL grant allocation in RACH-less HO, i.e., T-eNB’s estimation, is not accurate.

Observation 4: The misalignment between the UE and the T-eNB can lead to lots of waste of UL grant or the increased mobility interruption time.

Observation 5: By the introduction of the UE Indication, the timing of HO in the UE, the S-eNB, and the T-eNB can be aligned, therefore, we can resolve these misalignments between the UE and the S-eNB or T-eNB.
Observation 6: The UE Indication is not only straightforward but also accurate.
Observation 7: By the introduction of the UE Indication, we can reduce the MIT and the UE throughput loss as much as possible, without the waste of radio resource or UL grant.
Observation 8: The “UE Indication” is highly likely to be delivered successfully to the source eNB.
Proposal 1: RAN2 is kindly requested to adopt “UE Indication” to resolve misalignments between the UE and the S-eNB or T-eNB.
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