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1 Introduction
During RAN4#80bis, first discussions took place on the RAN4 RRM requirements for mobility enhancements and there was discussion of preliminary CRs and a way forward [1]. Under the mobility enhancement work item, 3 new handover procedures are introduced

1. RACHless handover, which is applicable when the TA value of the source cell is reused for the targeted cell, or TA=0
2. Make before break handover when the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.

3. The combination of RACHless + make before break handover

RAN4 should define requirements for each of these cases. In this contribution we discuss open issues from [1] and we expect that when these issues are resolved it should then be fairly straightforward to complete the RAN4 work.
2 Discussion

2.1 Make before break handover
There are the following open issues for make before break handover.

1. Applicability to interfrequency handover. RAN2 discusses a procedure which would be applicable for CA capable UEs, whereby the UE may use multiple RF chains (DL and UL) to establish a connection to a new source cell on a different frequency before deactivating the RF chain for the old cell. RAN2 is continuing to discuss this possibility so RAN4 should await the outcome of the RAN2 discussions. If RAN2 decides to specify the feature, the approach should be similar to an intrafrequency handover, although interruptions may need to be considered when the new RF chain is started and the old RF chain is stopped. The capabilities for this feature may also be somewhat complicated although we understand that RAN2 has discussed reuse of measurement without gaps capability to infer that the UE has a spare (DL) receiver chain.

Proposal 1 : RAN4 awaits RAN2 outcome on interfrequency make before break handover
2. For the intra-frequency case, interruption times have been discussed for both the case of no bandwidth change, and the case of bandwidth change handover. 

a. For the case of no BW change, there should in principle be no interruption. If the source TA is reused in the target cell, it implies the cells are synchronised. However, make before break handovers can also be used in asynchronous cells with TA=0 (eg small cells). In this case, there may be misalignment between frames on the source and target cells. Nevertheless, the UE may still monitor every subframe of the source cell until it transmits to the target cell (RACH preamble, or PUCCH/PUSCH/SRS) so even for this case it is not really an interruption since the UE does not return to receiving the source cell it is just that the end of the make before break procedure may come midway through a source cell subframe.
Proposal 2 : Interruption time is not necessary for either synchronous or asynchronous make before break handovers involving no BW change
b.  For the case of BW change, the UE needs to switch its receiver BW at some point in the procedure. For the case where receiver BW is being increased, it is likely this would be done near the start of the procedure, although it is theoretically possible to receive PSS/SSS/CRS from the new cell using a subset of the new system BW. For the case where receiver BW is being reduced, this should not be done until after the HO is completed, when the UE can break the connection to the old cell. The duration of the interrupts should be small; the operation does not involve retuning an LO. There may be some impact to AGC, eg if a UE switches from 5MHz to 20MHz then additional BW is received which may need an adjustment to the AGC, on the other hand the cells should be at rather equal power levels in the handover region and if there is a large change in AGC the handover is likely to become more like a conventional legacy handover. For example, if the UE reduces its receiver gain to accommodate reception of the new wider BW target cell, it may well fail to decode the source until the handover completes. From this perspective, we could conclude that a make-before-break handover with bandwidth change will be something like a best effort from the UE, and in the worst case it may not be much different from a legacy handover. For this reason, we propose
Proposal 3 : No new requirements are defined for make before break handover involving BW change

The intention of proposal 3 is that the legacy HO requirements would apply in this case, although it seems likely that the UE could do significantly better than legacy requirements in many cases. As some requirements (the legacy ones) are defined for make before break handover involving BW change it could still be configured, and the UE is likely to be able to do better than the legacy requirement in practice. Anyway, BW change intra-frequency handover is a relatively uncommon case, so proposal 1 does not seem to limit the gain of make before break HO in most cases.

Otherwise the requirements for make before break handover may follow the approach agreed in [1]
	· Handover delay
· 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.

· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the handover processing time (equivalent to Tinterrupt as in legacy handover procedure)


2.2 RACHless handover

The only open issue with RACHless handover identified in [1] is how to specify the TIU. There are two main options

	· Option 1: TIU = 0 ms

· Option 2: 

· TIU = [10] ms if UL grant is included in RRC message

· FFS TIU if  UL grant is not included in RRC message 


Although not explicitly stated in the WF, option 1 can apply if the definition of the end of the handover is “UE is ready to transmit” since the availability of uplink resources (eg grant) and configuration allowing transmission does not affect the “readiness” to transmit. Option 2 applies if the definition of the end of handover is “The UE starts transmission…”.

Option 1 is not a directly testable requirement, but it has the advantage that the requirement is agnostic to the UE configuration and availability of UL resources. Option 2 is more directly testable (by providing an UL grant in the RRC message). In the case where the UL grant is not provided in the RRC message, the UE may either obtain an UL grant from the target cell (indeterminate timing) or may transmit SRS (depending on SRS configuration). 

We do not think this is a big issue, because conceptually the UE behaviour is the same for either definition, and an identical test case is likely to be developed in either case. It seems that the best way to test  RACHless HO would be to provide UL grant in the RRC message; then under option 1 an additional margin needs to be added in the test case, or under option 2 the additional margin of [10]ms is included in the core requirement. We therefore have no strong preference between options; option 1 is slightly easier to specify from a core requirements point of view since we do not need to consider cases where the UE is/is not preconfigured with UL grant separately. However, option 2 is closer to the legacy way that RACH HO requirements are specified, at least for the case where UL grant is provided. seem to limit the gain of make before break HO in most cases.

Otherwise the requirements for RACHless HO may follow the approach agreed in [1]
	· Introduce initial transmission timing error requirements for RACH-less solution

· Handover delay
· When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH, PUCCH or SRS channel within Dhandover seconds from the end of the last TTI containing the RRC command if UE capable of RACH-less handover.

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

· Interruption time
· Tinterrupt = Tsearch + [TIU] + 20 ms


2.3   Combined RACHless make before break handover

There are no identified major technical issues with the combination of RACHless + make before break handover, but there needs to be applicable requirements for this case also.  Once the open issues for the requirements for the two new procedures are resolved individually, the requirements for the combined case also become clear. 

1. RACHless HO without make before break: Tinterrupt is reduced to Tinterrupt = Tsearch + [TIU] + 20 ms with either TIU not needed (HO ends when UE is ready to transmit) or TIU=10ms for the case that RRC preconfigures an UL grant (HO ends when UE starts to transmit) and TIU depends on configuration and availability of UL grant (HO ends when UE starts to transmit). Dhandover follows the existing definition, and will be shorter due to the reduced Tinterrupt
2. Make before break without RACHless, no BW change : Tinterrupt=0ms, and Dhandover = RRC procedure delay +  Tsearch + TIU + 20 ms. 
3. Make before break with RACHless, no BW change : Tinterrupt=0ms, and Dhandover = RRC procedure delay +  Tsearch + [TIU] + 20 ms with either TIU not needed (HO ends when UE is ready to transmit) or TIU=10ms for the case that RRC preconfigures an UL grant (HO ends when UE starts to transmit) and TIU depends on configuration and availability of UL grant (HO ends when UE starts to transmit).
3 Conclusions

In this contribution we discuss open issues for enhanced mobility in LTE. 
Proposal 1 : RAN4 awaits RAN2 outcome on interfrequency make before break handover
Proposal 2 : Interruption time is not necessary for either synchronous or asynchronous make before break handovers involving no BW change

Proposal 3 : No new requirements are defined for make before break handover involving BW change

For RACHless HO, we have no strong view on whether to specify no TIU term under the definition of end of HO is when the UE is ready to transmit, or TIU=[10]ms under the definition that the end of HO is when the UE starts to transmit, at least for the case that UL grant is given in the RRC message. We discuss the merits of each option.
In summary the proposed requirements are
1. RACHless HO without make before break: Tinterrupt is reduced to Tinterrupt = Tsearch + [TIU] + 20 ms with either TIU not needed (HO ends when UE is ready to transmit) or TIU=10ms for the case that RRC preconfigures an UL grant (HO ends when UE starts to transmit) and TIU depends on configuration and availability of UL grant (HO ends when UE starts to transmit). Dhandover follows the existing definition, and will be shorter due to the reduced Tinterrupt
2. Make before break without RACHless, no BW change : Tinterrupt=0ms, and Dhandover = RRC procedure delay +  Tsearch + TIU + 20 ms. 
3. Make before break with RACHless, no BW change : Tinterrupt=0ms, and Dhandover = RRC procedure delay +  Tsearch + [TIU] + 20 ms with either TIU not needed (HO ends when UE is ready to transmit) or TIU=10ms for the case that RRC preconfigures an UL grant (HO ends when UE starts to transmit) and TIU depends on configuration and availability of UL grant (HO ends when UE starts to transmit).
In addition, the agreement[1] “–
Introduce initial transmission timing error requirements for RACH-less solution” from the way forward needs to be implemented in the final CR on further enhanced mobility
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