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1. Introduction

In last RAN4 #80bis, RAN4 had extensive discussion on RRM requirements for mobility enhancement. A WF [1] eventually got approved to capture the agreements. Meanwhile, RAN2 [2] approved an LS to RAN3 and RAN4 on the agreements in RAN2. In this contribution, we provide our view on corresponding RRM requirements based on the approved WF and RAN2 input for mobility enhancement.

2. Discussion
2.1. RACH-less handover
As agreed in [1] that RAN4 is to introduce new handover requirements for RACH-less solution. In LTE the legacy handover requirements are informatively provided as below:
	5.1.2.1
E-UTRAN FDD – FDD

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers.

5.1.2.1.1
Handover delay

Procedure delays for all procedures that can command a handover are specified in TS 36.331 [2].

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the interruption time stated in clause 5.1.2.1.2.

5.1.2.1.2
Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt


Tinterrupt = Tsearch + TIU + 20 ms

Where:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1 for intra-frequency handover and Clause 8.1.2.3.1 for inter-frequency handover.


Take E-UTRAN FDD – FDD case for an example. One can see that requirements contain two parts, which are definition of handover delay and interruption time, respectively. 
The legacy definition of handover delay is the time period from UE receives a RRC message implying handover to the time UE is ready to start the transmission of the new uplink PRACH channel. Regarding requirements for RACH-less handover, we think the start of handover delay could be the same as legacy with some clarification, e.g. “When the UE receives a RRC message implying RACH-less handover…”. In RACH-less handover UE doesn’t need to perform random access to target cell for UL timing. Instead, handover is deemed as finished when UE is capable of any UL transmission to the target cell. Thus the end of handover delay should also be updated. 

The second part of the requirements is about interruption. Firstly, similar with above, new definition of interruption time should be introduced for RACH-less handover.

Proposal 1: new definition of handover delay and interruption time should be introduced for RACH-less handover.

Secondly, definition of TIU shall be updated as well since. The legacy meaning of TIU is to wait for the PRACH occasion. However, PRACH is skipped in this solution. But UE needs UL grant to perform UL transmission for target cell. It’s agreed in RAN2 that UL grant for target cell can be provided in HO command. However, it’s not mandatory. The corresponding UE behaviour when UL grant is not provided is agreed in RAN2 [2] that UE should monitor the PDCCH of target eNB for getting UL grant. In this case, at least some clarification is needed to capture UE behaviour in RRM requirements. Thus from RRM perspective, RACH-less handover requirements shall cover both the cases with or without UL grant indicated. For the rest part of Tinterrupt, i.e. Tsearch for cell search and 20ms implementation margin, we believe they could be reused.
Proposal 2: RAN4 needs to consider the cases with or without UL grant indicated for RACH-less handover
Another issue is about UE initial transmit timing requirement as mentioned in [3]. It can be found in earlier RAN2 incoming LS [4] that there are two cases for determining the UL timing for target cell for RACH-less handover. One is to reuse the current TA of the source cell. Another is transmitting with TA=0. 

For the first case, the impact of requirement was analyzed in [3]. More specifically, requirements for initial transmission should not apply for the first transmission after RACH-less handover. But UE should follow the autonomous adjustment requirements in TS36133 section 7.1.2 for the first transmission after RACH-less handover.
For the second case, i.e. transmit with TA=0, UE will base on the DL timing of target cell to perform UL transmission to target cell. In this case we think UE should follow the initial transmission requirements for the first transmission after RACH-less handover. 
Proposal 3: for the first transmission after RACH-less handover, the initial transmission requirements shall apply if indicated with TA=0. Otherwise, adjustment requirements shall apply.

2.2. Make-before-break handover

The main difference between make-before-break and legacy handover is that after receiving HO command UE will keep on communicating with source cell until it performs random access to target cell. The benefit is that total interruption time can be reduced significantly. To be more specific, both Tsearch and TIU in Tinterrupt are no longer needed since UE can maintain connection with source cell when searching the target cell and wait for the PRACH occasion. Thus we propose:

Proposal 4: Tsearch and TIU in Tinterrupt are no longer needed for make-before-break handover.

The mechanism is quite straightforward for intra-frequency handover. But for inter-frequency handover the situation is quite different. UE may need another free RF chain to perform cell search when doing business when source cell. So after receiving HO command UE may need to activate the free RF chain to search target cell. Activation interruption may occur except the UE can support inter-frequency measurement without gap. However, so far there is no RAN2 agreement on whether inter-frequency is supported and whether this feature is feasible for UE can support inter-frequency measurement without gap for inter-frequency case. 
Observation: RAN4 may need to consider activation interruption in Tinterrupt if inter-frequency make-before-break handover is supported.
3. Conclusions

In this contribution we discuss the RRM requirements for RACH-less and make-before-break handover. After discussion the following conclusions are provided:
Proposal 1: new definition of handover delay and interruption time should be introduced for RACH-less handover.

Proposal 2: RAN4 needs to consider the cases with or without UL grant indicated for RACH-less handover

Proposal 3: for the first transmission after RACH-less handover, the initial transmission requirements shall apply if indicated with TA=0. Otherwise, adjustment requirements shall apply.

Proposal 4: Tsearch and TIU in Tinterrupt are no longer needed for make-before-break handover.

Observation: RAN4 may need to consider activation interruption in Tinterrupt if inter-frequency make-before-break handover is supported.
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