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1. Introduction 
In RAN#71, the “Further mobility enhancements in LTE” WI is approved to specify support of handover latency reduction [1]. 

The main objectives of this work item are to do the following enhancements:

· To study following aspects and specified identified solution(s) to minimize service interruption in mobility events  for both ideal and non-ideal backhaul scenarios, including [RAN2/RAN3]:

· Make before break for mobility event e.g. handover in case of DC and CA or SCG change 
· Potentially down select between solution 1(RACH-less handover) and solution 2 (Maintaining Source eNB Connection during Handover) in section 8.3 of TR 36.881 v0.5.0.
Feasibility of simultaneous TX/RX on the same frequency is subject to RAN4.

The Work Item should consider both FDD and TDD.
In this contribution, we discuss some considerations on Solution 1 and Solution 2 in TR 36.881 [2]. In addition, we list 10 advantages we can get from the introduction of Uu Handover Execution Indication for Solution 2 in Annex A.
2. Considerations on Solution 1 and 2 for HO Latency Reduction
2.1 Mobility Interruption Time KPI for Next Generation System 
The description of the KPI: excerpts from TR 38.913 v0.3.0 [3]:

7.7 Mobility interruption time

Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions. 

The target for mobility interruption time should be 0ms.
<Skipped>

In order to meet the mobility interruption time of 0ms, the make time of target cell communication should be just equal or earlier than the break time of the source cell communication. That means the support of “Make-Before-Break handover” or “synchronous handover [4]” or “synchronized handover [5]” is required. 
Observation 1: In TR 38.913, the target for mobility interruption time KPI for Next Generation System is 0ms, which means the make time of target cell communication should be just equal or earlier than the break time of the source cell communication.
Proposal 1: RAN2 is kindly requested to consider the target for mobility interruption time of 0ms in Rel-14 further mobility enhancements in LTE WI as in TR 38.913.

2.2 Considerations on Solution 1

excerpts from TR 36.881 v0.6.0 [2]: 

Solution 1: RACH-less handover
The solution of RACH-less handover can be introduced when the source cell, the target cell and the UE are synchronized. In a synchronized network, it is assumed that subframe boundary between the source cell and target cell are aligned. One option is that at a mutually agreed time (e.g. SFN), the UE switches from source cell to target cell, without requiring random access procedure. Another option is that the UE follows the legacy handover procedure but skips the RACH related steps. A RACH attempt procedure during handovers typically takes ~10~12 ms. An average handover procedure takes ~40~50 ms to complete. Eliminating ~10~12 ms of RACH delay during a handover procedure can significantly reduce the data interruption during handovers and improve the user experience. 

The synchronization may be achieved between the two eNB cells over X2 signalling and the UE via RRC signalling. Based on the fact that all three nodes are in sync, the source cell stops DL transmission to the UE, the target cell provides an uplink grant to the UE, and the UE acquires the target.
There are some restrictions of Solution 1. 

First, it only works in a synchronized network as described in TR 36.881.

Second, the accuracy of the target cell TA obtained by this solution needs to be further checked by RAN4.
excerpts from R2-161565 [6]: 

According to the analysis in [TR 36.881], the RACH procedure in target cell might take up to 10-12ms. To eliminate this delay a RACH-less handover has been proposed. The mechanism works as long as the target and the source cell are synchronized and it relies on the capability of the UE to acquire UL synchronization from the DL propagation delay difference between source and target. Although the mechanism can provide benefits also in V2X, the assumption of synchronized networks is somewhat restricting and most important the accuracy of UL time advance acquisition might be impaired by mobility. Given the fact that there is no contention resolution, a wrong time advance acquisition could imply higher latency than legacy RACH and spurious transmission (which would cause interference).
Third, it is troublesome due to that it is difficult to manage the error cases.
excerpts from R2-154716 [7]: 

SFN based method, however, can be understood as “activation time” concept. The use of activation time is troublesome due to that it is difficult to manage the error cases. Therefore, concept of activation time has been avoided in LTE procedures so far.  At the exact time instances provided via SFN, the UE listens to the target cell. The target cell provides scheduling grant to the UE at or after the SFN indicated for the HO execution (in the HO command). Both the UE and the target cell should be aware of the SFN where the UE executes the HO from source cell to the target cell. The assigned SFN for HO execution should be care for possible HO command HARQ re-transmission, radio transmission latency and the backhaul link latency. Even if the HO command is received by the UE in the first instances, the UE needs to wait until the assigned SFN. Given that HO may be performed due to degrading radio quality of the source cell, the UE access to the target cell should performed as soon as possible. SFN based method is lack of the UE immediate access to the target cell.
Forth, the aggressive power settings in open loop power control due to skipping RACH control might cause excessive interference.
excerpts from R2-154813 [8]: 

The gain of skipping RACH procedure depends on how RRCConnectionReconfigurationComplete is transmitted as RACH procedure itself contains RAR which contains UL grant for RRCConnectionReconfigurationComplete.

Some aspects of this solution need further evaluation. The main concern of skipping RACH is that the power control for initial uplink transmission (RRCConnectionReconfigurationComplete) will also be skipped. To reduce the latency, RRCConnectionReconfiguration might be transmitted with aggressive power settings in open loop power control, which might cause excessive interference. There is clearly a trade-off between latency and interference here. This aspect should be evaluated in RAN1.
Observation 2: Solution 1 has some restrictions regarding applicable network, the accuracy of the target cell TA, the management of error cases, and UL interference.

Proposal 2: RAN2 is kindly asked to consider Solution 2 as a baseline for handover latency reduction and skipping RACH as an add-on feature to Solution 2 if the accuracy of the target cell TA is proven.
2.3 Considerations on Solution 2
excerpts from TR 36.881 v0.6.0 [2]: 

Solution 2: Maintaining Source eNB Connection during Handover 
This solution can reduce data interruption during handover (HO) by not releasing the connection to the source eNB until handover is completed at the target eNB. Continuous transmission of user data from source cell well after handover procedure start can significantly improve the user experience.

In current LTE HO, the UE resets MAC and reestablishes PDCP upon receiving the HO command and thus communication with the source eNB is stopped. The data disruption will happen until the UE receives the first packet from the target eNB. The proposal is to delay the MAC and PDCP reset until the UE performs successful RACH at the target eNB. This requires that the UE monitor both source and target links simultaneously, which is similar to Dual Connectivity on the same frequency. To continue the data transmission with the source eNB, the UE should continue sending CSI and HARQ feedback to the source eNB. However, if the radio link quality becomes bad, this shouldn’t force the UE to declare RLF since that would trigger RRC Connection Re-establishment. Therefore, RLM for the source eNB needs to be suspended until the end of handover (success or failure). The impact on uplink transmission should be evaluated if the UE still sends uplink signal in bad radio link quality due to suspension of RLM. 

This solution can provide the additional benefit of returning back to the source eNB if handover fails. When RACH is completed successfully at the target eNB, the source eNB should be made aware that it can stop transmissions to the UE. This indication can come from the UE or from the target eNB with the X2 option being more efficient due to better reliability.

Under current specifications, the UE cannot transmit simultaneously to source cell and target cell on the same frequency although this may be feasible by using multiple RF chains at least on downlink while uplink may require changes such as TDM operation. Since this can impact physical layer procedures, this solution should also be studied by RAN1/RAN4. 

Mobility Interruption Time 

excerpts from R2-154810 [9]: 

 “Data interruption during handover can be completely eliminated if the UE can continue data transmission at the source eNB while performing RACH at the target eNB.”
excerpts from R2-161565 [6]: 

“In [TR 36.881], the possibility to maintain a source eNB connection during handover has also been studied. The mechanism implies that after reception of handover command, the UE does not reset MAC/PDCP processes (as it happens in legacy LTE) and it keeps normal operations towards the source cell until RACH is successful in target cell. Since in legacy LTE the overall service interruption at handover is between 40-50 ms (due to handover command processing and random access procedure), such mechanism would basically eliminate at all this latency component.”
Observation 3: With Solution 2, data interruption during handover can be completely eliminated if the UE can continue data transmission at the source eNB while performing RACH at the target eNB.
UE Capabilities 

excerpts from RP-160636 [1]: 

 “Feasibility of simultaneous TX/RX on the same frequency is subject to RAN4.”
excerpts from TR 36.881 v0.6.0 [2]: 

 “Under current specifications, the UE cannot transmit simultaneously to source cell and target cell on the same frequency although this may be feasible by using multiple RF chains at least on downlink while uplink may require changes such as TDM operation. Since this can impact physical layer procedures, this solution should also be studied by RAN1/RAN4.”
To implement “Make-Before-Break” handover, the UE is required to support of simultaneous TX/RX or TDM TX/RX operation on the same frequency with the source cell while performing a handover execution with the target cell. The complexity and cost of the UE implementation of support of simultaneous TX/RX or TDM TX/RX operation on the same frequency should be evaluated. The complexity and cost may restrict the UE implementation. Therefore, we should consider the handover latency reduction for the UE without the support of simultaneous TX/RX or TDM TX/RX operation on the same frequency.  

Observation 4: The complexity and cost of the UE implementation of support of simultaneous TX/RX or TDM TX/RX operation on the same frequency should be evaluated.

Proposal 3: RAN2 is kindly requested to attempt at developing a comprehensive handover latency reduction solution to cater for the UE both with simultaneous TX/RX feature and without it.
Handover Execution Indication 

excerpts from TR 36.881 v0.6.0 [2]: 

 “When RACH is completed successfully at the target eNB, the source eNB should be made aware that it can stop transmissions to the UE. This indication can come from the UE or from the target eNB with the X2 option being more efficient due to better reliability.”
Uu option and X2 option for the Handover Execution Indication is described in [5], [9]. In [5], X2 option for the Handover Execution Indication is used in abnormal case of a transmission failure of a Uu Handover Execution Indication. In [9], X2 option is preferred due to better reliability than Uu option.
Proposal 4: RAN2 is kindly requested to evaluate and compare Uu option and X2 option for the handover execution indication to the source eNB.

Data Forwarding and Duplicate Data Reception 

With “Make-Before-Break” handover, if the make time of target cell communication is much earlier than the break time of the source cell communication, the amount of data forwarding from the source eNB to the target eNB can be increased. It will result in the waste of X2 resources. Also, if the target eNB has no knowledge of a timely DL data reception status in the UE, the UE may receive some duplicate DL data. It will result in the waste of Uu physical resources. Therefore, the time of initiating data forwarding to the target eNB in the source eNB, the time of stopping sending data to the UE in the source eNB, and the time of starting sending data to the UE in the target eNB should be carefully considered. 
Proposal 5: RAN2 is kindly requested to take into accounts of the data forwarding and duplicate data reception in the UE aspects in evaluating solutions for handover latency reduction.

Mobility Robustness 

excerpts from RP-160525 [10]: 

“Besides the RRC diversity, the reduction of overall handover process latency can also improve the overall mobility robustness. Similar as the RRC diversity, some enhancement solutions for the mobility robustness have been discussed in Rel-12 SI HetNet mobility enhancements. For example, as discussed in [2], the “Early HO Preparation and Early HO CMD” can be used to improve the handover robustness by reducing the time between neighbor cell becomes suitable as candidate and the start of handover execution at UE. 

Since some of the enhancement solution proposed in former SI have not been discussed sufficiently due to limited time budget, in order to have some further study on the mobility robustness, companies are encourage to re-consider some solutions which have been discussed before.”
excerpts from R2-156412 [5]: 

“The synchronized handover solution can be combined with early handover command solution. With early handover command solution, after receiving the ‘early’ handover command, the UE does not execute a handover immediately unlike in current specifications, but communicates with the source eNB and performs measurements continually before some pre-configured event. Also, the source eNB keeps sending data to the UE until that event. If the pre-configured handover execution event is triggered, then the UE sends a handover indication notifying the source eNB of an immediate handover execution. On reception of the HARQ ACK to the handover indication, the UE can detach from the source cell and execute a handover into the target cell. And, the source eNB, after transmitting the HARQ ACK to the handover indication, can stop sending data to the UE and start data forwarding to the target eNB. 

With this solution, the service interruption time is the same as the synchronized handover in the above each case.

The strength of this solution is that it is helpful to not only the latency reduction but also the mobility robustness. With regard to the mobility robustness, this solution can achieve zero handover failure rate regardless of the UE velocity and the size of handover region, theoretically. This solution can solve the trade-off between the handover failure rate and the ping-pong rate, achieving zero handover failure rate without increasing the ping-pong rate. Furthermore, with an extension of keeping fast moving users out of small cells, this solution can accomplish zero handover failure rate and zero ping-pong rate simultaneously.”
Observation 5: Solution 2 can be combined with early handover command solution. The strength of this solution is that it is helpful to not only the latency reduction but also the mobility robustness.
Proposal 6: RAN2 is kindly requested to take into accounts of the mobility robustness aspect in evaluating solutions for handover latency reduction.

3. Conclusion
Observation 1: In TR 38.913, the target for mobility interruption time KPI for Next Generation System is 0ms, which means the make time of target cell communication should be just equal or earlier than the break time of the source cell communication.
Proposal 1: RAN2 is kindly requested to consider the target for mobility interruption time of 0ms in Rel-14 further mobility enhancements in LTE WI as in TR 38.913.

Observation 2: Solution 1 has some restrictions regarding applicable network, the accuracy of the target cell TA, the management of error cases, and UL interference.

Proposal 2: RAN2 is kindly asked to consider Solution 2 as a baseline for handover latency reduction and skipping RACH as an add-on feature to Solution 2 if the accuracy of the target cell TA is proven.

Observation 3: With Solution 2, data interruption during handover can be completely eliminated if the UE can continue data transmission at the source eNB while performing RACH at the target eNB.
Observation 4: The complexity and cost of the UE implementation of support of simultaneous TX/RX or TDM TX/RX operation on the same frequency should be evaluated.

Proposal 3: RAN2 is kindly requested to attempt at developing a comprehensive handover latency reduction solution to cater for the UE both with simultaneous TX/RX feature and without it.
Proposal 4: RAN2 is kindly requested to evaluate and compare Uu option and X2 option for the handover execution indication to the source eNB.

Proposal 5: RAN2 is kindly requested to take into accounts of the data forwarding and duplicate data reception in the UE aspects in evaluating solutions for handover latency reduction.

Observation 5: Solution 2 can be combined with early handover command solution. The strength of this solution is that it is helpful to not only the latency reduction but also the mobility robustness.
Proposal 6: RAN2 is kindly requested to take into accounts of the mobility robustness aspect in evaluating solutions for handover latency reduction.
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Annex A: 10 Advantages we can get from the introduction of Uu Handover Execution Indication
10 advantages we can get from the introduction of Uu Handover Execution Indication for Solution 2 are listed. In [5], we explained in detail.
1. We can implement “synchronized handover”. In synchronized handover, the time when the source eNB stops sending data to the UE and the time when the UE disconnects from the source cell can be synchronized. (Clause 3.1 in [5])
2. The source eNB can keep sending data to the UE during handover just before the Handover Execution Indication from the UE and therefore the service interruption time can be reduced. (Clause 3.1 in [5])
3. The mobility interruption time can be minimized with the minimal amount of X2 Data Forwarding in case of the UE without support of the simultaneous TX/RX or TDM TX/RX operation. (Clause 3.2 and 3.3 in [5])

4. The mobility interruption time can be 0 ms with the minimal amount of X2 Data Forwarding in case of the UE with support the simultaneous TX/RX or TDM TX/RX operation.

5. With this solution, the probability of HOF is always zero regardless of the UE speed and the size of HO region, theoretically. (Clause Annex C.3 in [5])

6. This solution can solve the trade-off between the HOF rate and the PP rate, achieving zero HOF rate without increasing the PP rate. (Clause Annex C.4 in [5])

7. With an extension of keeping fast moving users out of small cells, this solution can accomplish zero HOF rate and zero PP rate simultaneously. (Clause Annex C.4 in [5])

8. This solution can achieve the effect of sophisticated HO parameter tuning, automatically adjusted to the UE speed and the size of HO region, without conscious effort. (Clause Annex C.5 in [5])

9. In this solution, multiple HO preparations are helpful for a successful HO as well as a successful re-establishment. (Clause Annex C.6 in [5])

10. With this solution, we can develop a comprehensive mobility management framework for Next Generation system that is adaptive, flexible and intelligent, to cater for the disparate NextGen mobility requirements.[image: image1.png]
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