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1. Introduction

In the second phase of email discussion [91bis#35], four solutions were proposed to address the latency during handover. However, the proposed solutions seemed overlapping and complementary to each other. In addition, there is potential impact to RAN1/RAN4. This document provides a TP with merged solutions.
2. Text Proposal for TR 36.881

Based on the baseline TP provided in Annex of [2] and offline discussion with companies proposing the solutions, a text proposal for 3GPP TR 36.881 (based on v0.4.0) [1] for the handover latency reduction solutions is provided below.
--- BEGIN Text Proposal ---

8.X
Handover Latency

One possible area of improvement where several existing and new applications could benefit from is to minimize latency during handovers for a mobile UE. Although TCP based applications could recover from errors introduced by poor radio conditions during handovers, the delay introduced by handovers for real time applications is least desired. Two potential solutions to reduce latency during HO are provided below.

8.X.1 
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.
Target cell TA without RACH
One of the main purposes of RACH procedure during HO is to obtain target cell TA. In absence of RACH procedure, the UE may be able to obtain the target cell TA without explicit TA command when the source cell and the target cell are time synchronized. As illustrated in Figure 8.X.2-1, the UE first obtains the DL propagation delay difference between the source cell and the target cell (i.e., T1-T2). Assuming the UL propagation delay is the same as the DL propagation delay, the UE can derive the target cell TA from the source cell TA by: 
TAtarget = TAsource – 2 (T1 – T2).
NOTE: The accuracy of the target cell TA obtained by this method needs to be further checked by RAN4.
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Figure 8.X.2-1: Obtain target cell TA 
UL grant allocation for handover command response
Another purpose of RACH procedure during HO is to obtain UL grant for the transmission of the handover command response (i.e., RRC Connection Reconfiguration Complete message). In absence of RACH procedure in target eNB, allocation of UL grant is needed in the target cell. One option is UL grant pre-allocation in handover command. The pre-allocated UL grant can be kept valid within a period of time, starting from the time when the UE achieves synchronization with the target cell. Another option is UL grant allocation by dynamic scheduling in the target cell. The target cell allocates UL grant to the UE by dynamic scheduling from the time when it expects the UE to be available for scheduling (e.g., based on mutually agreed time, or sometime later after the handover preparation procedure which is subject to eNB implementation).
The initial value of PUSCH transmission power control is based on PRACH preamble power and total power ramp.  If PRACH procedure is removed, power control in PUSCH should be modified. The impact in uplink power control needs to be studied by RAN1. 
8.X.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.
--- END Text Proposal ---

3. Conclusion

Proposal: To include text from Section 2 in TR 36.881.
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