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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1] that aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. The WI description also mentions a pre-study phase, during which companies should identify and study potential solutions for their advantages and drawbacks to down select the most appropriate option(s). In particular, TR 36.881 [2] has captured two major options to reduce the interruption time: RACH-less handover and maintaining source eNB connection.
During the RAN3#91bis meeting, several contributions were submitted [4-7] elaborating on how different mobility enhancements can be introduced and what specification impact they will have, in particular on RAN3 WG. In addition to that, RAN2 WG sent an LS to several WGs including RAN3 asking to evaluate the feasibility of the mobility enhancement solutions [8]. Furthermore, after RAN2#94 meeting a few options from "maintaining a connection to the source eNB" were down selected leaving only those one in which a UE does not perform simultaneous data transmission/reception from several eNB(s).
In this discussion paper we present our further views on a set of solutions for "maintaining a connection to the source eNB" emphasizing common denominators and functional principles.
2
Background and general overview of the problem
Since the E-UTRAN does not support any concept similar to the active set in UTRAN that would allow for receiving data from multiple cells, there is always a break in transmission while switching from one eNB to another. In general, referring to TS 36.300 sub-clause 10.1.2.1.1, the handover process comprises the following steps:

1. Channel measurements by a UE and transmission of the measurement report message;

2. Handover request from the serving eNB to the target eNB;

3. Transmission of the reconfiguration message by the serving eNB;

4. Synchronization to the target eNB; 
5. Random access preamble transmission and random access response reception;

6. Transmission of the reconfiguration complete message by the UE

For the sake of further clarity, the aforementioned steps will be grouped into several phases, as illustrated Figure 1. As we will present later, the mobility and handover enhancements can be viewed as a process of eliminating data transmission gaps in phase II and III. Referring to TR 36.881 [2], RAN2 has already analyzed handover latency and has decomposed into several components. As captured in Table 5.2.2-1 in TR 36.881 [2], the biggest contributors to the overall delay is RRC procedure delay (15ms) and RF/baseband re-tuning (20ms), which we capture as Phase II in Figure 1; and random access transmission with response (5..9ms) that corresponds to Phase III. The overall procedure can of course take more time if some messages are re-transmitted, which can be the case for the random access. As mentioned in [3], the observed handover delays can be as large as 80ms. 
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Figure 1: eNB handover procedure with data interruption.
As expressed by a few proponents during last RAN3 meeting [4-6], it seems beneficial to consider mobility enhancements also for the dual-connectivity case when a UE undergoes the reconfiguration procedure of a cell belonging to SeNB. For the sake of further clarity, Figure 2a below presents the signaling procedure caused by the MeNB change. Even though the RAN3 signaling procedure looks a bit different when compared to the one depicted in Figure 1, logically it is identical to what happens in the eNB handover case. It bears noting that from the RAN1 and RAN2 functional perspective a UE faces exactly the same issues and experiences delays caused by exactly the same factors (RRC re-configuration delay, RF re-tuning delay, PHY layer RACH procedure etc). As Figure 2a shows, while being re-configured from S-MeNB to T-MeNB, a UE can experience data interruption delay caused by the aforementioned factors. 
For the sake of completeness, Figure 2b also illustrates the dual-connectivity SeNB change procedure and data interruption that occurs while switching from one SeNB to another.
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Figure 2a: Dual-connectivity: MeNB change procedure with data interruption
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Figure 2b: Dual-connectivity: SeNB change procedure with data interruption.
3
Maintaining a connection to the source eNB
There exist a number of solutions and options for maintaining a connection to the source eNB, which were initially summarized in [7]. RAN2 email discussion [10] has progressed on capturing all the major options expressed by companies, and after RAN2#94 meeting RAN WG2 has down selected available options so that "there is no simultaneous Tx but simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell". Referring to a summary of all the options captured in [12] which fulfill this requirement, it is worth noting that option 4a is effectively combination of "maintaining a connection with source eNB" and RACH-less principles, for which we have a separate proposal to allow it but let the network to decide [13]. Option 2a is a TDM like scheme allowing a UE to switch between source and the target eNB; however, since switching itself requires on average as much as time as RF re-tuning, the TDM scheme has the same fundamental limitation as the baseline handover procedure that we try to enhance. 
Referring back to Figure 1 and Figure 2(a,b), the common denominator of all solutions, in which a UE does not receive from and transmit to several eNB(s), is that a UE will maintain a connection to the source eNB only during Phase II. In other words, when a UE processes the received RRC message, prepares itself for the handover process, performs RF tuning and syncing to the target eNB. During that phase, a UE can continue to receive from and send to its current serving eNB, as shown in Figure 3. Of course, once a UE is ready to send the RACH preamble to the target eNB, a UE will stop its communication with the source eNB.
Proposal 1: A UE can continue to listen to DL and transmit on the UL channels following current procedures until its ready to perform the RACH procedure to the target cell, after which it will stop its communication with the source eNB.
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Figure 3: eNB handover procedure with data reception in Phase II.
Referring to the signaling flow shown in Figure 3, once a UE is ready to send RACH in the target cell, it will stop to receive and send data to the source eNB. So, from the source eNB perspective a UE looks like "disappearing" from the system as the latter will stop on sending PUCCH and PUSCH. However, since enhanced mobility procedure is controlled and activated by the source eNB, it will know that a UE is going to perform handover and thus should anticipate such a UE behavior. As an example, the source eNB may simply stop on scheduling more DL data when it does not receive PUCCH and PUSCH from the UE. In fact, it can be viewed as the network implementation specific aspect, which is similar to a case when the network fails to decode PUCCH from the UE in the non-handover scenarios. Sooner or later the source eNB will receive the UE CONTEXT RELEASE message from the target eNB and will release all the associated resources.
Proposal 2: Once a UE stops its communication to the source eNB, the latter behavior is up to the network side implementation. 

Based on the presented considerations, maintaining a connection to the source eNB during the handover process can be construed from a UE and eNB perspective as presented below:

· from the UE perspective:

· upon reception of the RRC re-configuration message with the MobilityControlInfo IE, a UE does not release its connection;

· a UE continues to listen to the PDCCH channel and receive data from PDDCH; 

· a UE continues to transmit on PUCCH and PUSCH;

· once a UE is ready to perform RACH to the target cell, it stops to listen and receive from the source eNB, whereupon the exact moment of time for taking these actions is left to the UE implementation.

· from the eNB perspective:

· after transmission of the RRC re-configuration message with the MobilityControlInfo IE, the source eNB continues to send and receive data from the UE;

· it is up to the source eNB implementation how to detect and react to a situation when a UE stops transmitting on PUCCH;

· as in the legacy case, the source eNB will remove UE context when it receives the UE CONTEXT RELEASE message from the target eNB.
It should be noted that these general principles apply not only to the eNB change, but also to the MeNB and SeNB change in dual-connectivity scenarios. The only difference is whether they are applied to the MCG or SCG cells.
4 Conclusion
In this discussion paper we have presented our further views on solutions and options for maintaining a connection to the source eNB. Accounting for the agreement made during RAN2#94 that a UE should not simultaneously receive and send data to the source and target eNB, we suggest a set of general principles governing UE behavior during Phase II, i.e. after a UE has received the RRC re-configuration message but has not yet initiated the RACH procedure. In short, our view is that:

Proposal 1: A UE can continue to listen to DL and transmit on the UL channels following current procedures until its ready to perform the RACH procedure to the target cell, after which it will stop its communication with the source eNB. 
Proposal 2: Once a UE stops its communication to the source eNB, the latter behavior is up to the network side implementation. 
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