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1	Introduction
3GPP TSG RAN Meeting #80 has approved a new work item aimed at “even further mobility enhancement in E-UTRAN”. Detailed work item description (WID) can be found in [1]. The objectives of the work commencing in 2018 Q4 are as follows: 
	· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]
The work is split into two phases:
· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.
· Work Phase, to specify the chosen solution(s)
Note: The following cases are considered in above objectives.
- Inter and intra frequency handover
- Inter and intra eNB handover
- Sync and async deployments



This paper analyses what is the expected interruption time with the legacy 3GPP standard with respect to the HO interruption and discusses the possible transmission/reception enhancements compared to Rel-14 LTE solutions. 
2	Discussion
The performance of LTE mobility solutions has been evaluated against IMT-2020 requirements. The following sections of this paper outline the details, assumptions and technical constraints in terms of the interruption reductions. 
2.1	State of the art for interruption time
[bookmark: _GoBack]The LTE Rel-14 solutions (i.e. RACH-less and make-before-break, described in [2] and [3]) were aimed at minimizing the service interruption period during the handover. However, the ambitious goal of achieving 0 ms (i.e. no interruption at all) was not fulfilled – among the other due to UE hardware constraints (i.e. single TRX) and the way the LTE procedures have been described (i.e. “If Make-Before-Break HO is configured, the source eNB decides on when to stop transmitting to the UE [2]” , ‘’it is up to UE implementation when to stop the uplink transmission/downlink reception with the source cell(s) to initiate re-tuning for connection to target cell…[3]” or “…If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell…”[2]). The details of each latency component contributing to the overall service interruption time are outlined in section 5 of [4]. Similar analysis, including Rel-14 LTE solutions, has been depicted in Fig. 1. 

[image: ]
[bookmark: _Ref524598700][bookmark: _Ref524599883]Fig. 1: LTE handover latency components [4] – including Rel-14 solutions
According to [4], service interruption time is the duration between the point in time when the UE stops transmission/reception with the source eNB and the time when target eNB resumes the transmission/reception with the UE. It can be easily noticed in Fig. 1 that the red line reflecting the service interruption duration has a non-zero length, even with make-before-break and RACH-less applied. This reflects the thorough analysis conducted by RAN4 and the detailed conclusions thereof were as follows [5]:
· For normal & RACH-less HO: Tinterrupt = Tsearch + TIU + 20 ms
· Tsearch can be 0 when target cell is known when HO command is received.
· In normal HO, TIU  is the interruption uncertainty in acquiring the first available PRACH occasion in the target eNB and depends on the actual PRACH configuration which can be up to 30 ms.
· In RACH-less HO, 
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion for RRC Connection Reconfiguration Complete. 
· If UL grant is configured in RRC command, TIU can be up to 10 ms. Otherwise, if UL grant is not provided by the RRC command, TIU can be up to TUL_grant which is the time required to acquire and process uplink grant from the target eNB.
· For make-before-break HO: Tinterrupt = 5 ms
· Provided that the source and target cells have the same bandwidth.
· For RACH-less + make-before-break HO: Tinterrupt = 5 + TUL_grant ms
· Provided that the source and target cells have the same bandwidth.
· TUL_grant  can be 0 if UL grant was provided in RRC command. If UL grant is not provided by the RRC command, TUL_grant  is the time required to acquire and process uplink grant from the target eNB.
This inevitably leads to the following observation:
Observation 1: [bookmark: _Ref524611178]Service interruption time in LTE cannot be reduced to 0 ms, even with the combination of Rel-14 RACH-less and make-before-break.
It is also worth noting the LTE RACH-less principle in only applied for small cells, with timing advance (TA) equal to zero or for co-located cells (where TA of the source is equal to the TA of the target). Thus, the number of scenarios where this functionality may be used could be in fact limited.
Observation 2: [bookmark: _Ref524611190]LTE RACH-less HO can be used only in a limited number of scenarios.
2.2	Possible transmission/reception enhancements to Rel-14 LTE solutions
As claimed in the previous section, the limitation of Rel-14 LTE mobility solutions to a large extent stems from the single TRX and the fact maintaining two links simultaneously causes significant troubles to UE RF and baseband processing units as well as to handling the protocol stack. However, one can consider if introducing additional Rx and/or Tx chains would substantially improve the situation with respect to service interruption time. Please not that the term Rx or Tx shall actually correspond to the whole chain comprising: the antenna, RF front end, ADC/DAC and baseband processing unit (with FFT/IFFT module, modulator, encoder). 
· Dual Rx but single Tx
· The second Rx can be used to perform baseband (IFFT/FFT) retuning to the target cell while the first Rx is still used for receiving data from the source cell.
· “almost” 0 ms in the DL achievableas the UE has to abandon the source cell reception when RAR is received from the target eNB, i.e., the UE has to activate the target cell PDCP to perform integrity protection for RRC Connection Reconfiguration Complete message. 
· Similar to LTE Rel-14 solution, the UE maintains one security key with respect to one serving cell at a time.
· Dual Tx and dual Rx
· In this case the UE can theoretically still transmit and receive to and from the source cell, while completing the RA procedure and sending the first RRC message towards the target (using the second, independent TRX).
· This would be possible only if dual protocol stack is supported and the UE maintains security keys to both source and the target cells.

Observation 3: [bookmark: _Ref524611202]Using second Rx chain in handover allows to reduce interruption time to almost 0 ms in the DL. Dual TRX similarly brings substantial gains at the cost oif requiring the protocol stack and security key requirements.
Even though this paper is targeting the LTE Further mobility enhancements, it may be beneficial to refer to the work done in NR work item, where it was investigated whether the UE can simultaneously transmit and receive signals to and from two intra-frequency cells in synchronous and asynchronous network. In order to clarify that, RAN2 has cooperated with RAN WG1 and WG4 and obtained the response liaison statements in [6] and [7], correspondingly. RAN1 has confirmed “…it may be feasible to simultaneously transmit/receive signals to/from two intra-frequency cells in synchronous and asynchronous networks for UE with dual RF chains…”[6], whereas  RAN4 has stated it could be doable for synchronous case, but was unable to conclude if the same applies for asynchronous case [7]. 
Observation 4: [bookmark: _Ref524611215]RAN1 and RAN4 confirmed UE can perform simultaneous transmission/reception to/from two intra-frequency cells in synchronous network with single or dual RF chains.
The benefit of synchronous network is that the UE does not need to perform IFFT/FFT timing adjustments when detaching from the source cell and tuning to the target cell. It has to be also noted that synchronous DL and UL have somewhat different definitions:
· Synchronous DL: time difference between the received signals from two cells is within X ms [5]
· Synchronous UL: Uplink transmission towards the two cells occurs at the same time from UE’s point of view. 
The asynchronous LTE networks are more commonly deployed, so perhaps this case shall be prioritized when seeking for a solution. Once asynchronous network challenge is addressed, the same solution could likely be reused for synchronous case either. As the doubts for asynchronous case were not resolved in [7], RAN2 may consider to kindly ask RAN4 to investigate this issue once again, having LTE further mobility enhancements in mind. Furthermore, the LS can also refer to the analysis captured in section 2.1 and check whether those requirements remain valid, at Rel-15 completion.
Proposal 1: [bookmark: _Ref525227460]RAN2 is asked to send the LS to RAN4, asking about the feasibility of intra-frequency and inter-frequency transmission/reception to/from two cells, especially for asynchronous case. The interruption time estimations from section 2.1 should be indicated in the LS. The draft LS is provided in [10].
The follow-up of this topic, with detailed descriptions for robustness and interruption related solutions to be considered, can be found in our remaining papers [8][9], submitted to RAN2#103bis.
Proposal 2: [bookmark: _Ref525227474]RAN2 is asked to consider the robustness and interruption related analysis and solutions, provided in our [8][9].
3	Conclusion
This paper was aimed at discussing even further enhanced mobility proposals for E-UTRAN, to be specified in Release 16. In the course of the TDoc we have made the following observations and proposals:
Observation 1: Service interruption time in LTE cannot be reduced to 0 ms, even with the combination of Rel-14 RACH-less and make-before-break.
Observation 2: LTE RACH-less HO can be used only in a limited number of scenarios.
Observation 3: Using second Rx chain in handover allows to reduce interruption time to almost 0 ms in the DL. Dual TRX similarly brings substantial gains at the cost oif requiring the protocol stack and security key requirements.
Observation 4: RAN1 and RAN4 confirmed UE can perform simultaneous transmission/reception to/from two intra-frequency cells in synchronous network with single or dual RF chains.
Proposal 1: RAN2 is asked to send the LS to RAN4, asking about the feasibility of intra-frequency and inter-frequency transmission/reception to/from two cells, especially for asynchronous case.  The interruption time estimations from section 2.1 should be indicated in the LS. The draft LS is provided in [10].
Proposal 2: RAN2 is asked to consider the robustness and interruption related analysis and solutions, provided in our [8][9].
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