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1 Introduction
Previously RAN4 has discussed and responded to liaision statements from RAN2 about mobility enhancements which are being considered in RAN2 – on RACHless handover and on make before break handover. In parallel, RAN2 has continued to work on the feature, and some important agreemenmts on mobility enhancements from RAN2#95 are
	RACHless handover

Agreements:

1
The asynchronous RACH-less solution is excluded.

2
Only the RACH-less solution that the TA value of the source cell is reused for the targeted cell, or TA=0 will be further considered.

Make before break handover

Agreements:

1.
The “make before break handover solution” means 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.

2.
The solution is applicable for intra frequency handover and SCG change. Inter frequency case is FFS.




In this contribuition we discuss impacts on RAN4 handover requirements in 36.133 secion 5.1.2.
2 Discussion

Currently RAN4 specifies two main aspects related to handover – handover delay and interruption time. Handover delay includes the interruption time and consists of two main components – RRC procedure delay after and the interruption time itself. The intrrruption time consists of 
Tinterrupt = Tsearch + TIU + 20 ms

Tsearch is included in the HO interruption requirement if there is a blind handover, ie the target cell has not been measured by the UE and needs to be acquired using cell search procedures before the timing is known. TIU is related to uncertainty in acquiring the first available PRACH occasion in the new cell, and finally the 20ms term is an allowance for implementation margins in the UE.

The exact defintions of the start and end of the procedure are also given for interruption time, and is defined by

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.
The HO delay is defined as
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.

We now consider how these requirements would be modified considering the enhancements discussed in RAN2.

RACHless handover

Clearly we can no longer define the end of the handover procedure (interruption time and HO delay) as “the time the UE starts transmission of the new PRACH” since there will be no such transmission. Moreover, the TIU term which is related to uncertainty in acquiring the first available PRACH occasion in the new cell is no longer relevant for the RACHless HO.

In the new procedure, the UE moves directly to PDCCH/PDSCH monitoring on the target cell and may transmit on PUCCH/PUSCH/SRS according to the normal procedures in the LTE system. Since the exact timing of the transmissions will depend on the configuration of the uplink (such as whether the UE receives a grant to use UL resources, whether periodic SRS is configured and so on) there is a difference between the UE being ready to transmit, and the first transmission occurring. For instance, depending on configuration it may first transmit SRS or a PUCCH transmission such as scheduling request using PUCCH format 1. At any rate, the first transmission is important because it may be used by the target eNB to detect that the HO procedure has succeeded.
Since the time when the first transmission takes place after HO is configuration dependent, we propose to modify the definition of interruption time eg
	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 is ready to start transmissions of PUCCH, PUSCH or SRS to the new cell excluding the RRC procedure delay


The intention is that this is a testable requirement – for instance a periodic SRS transmission could be configured in a test cases and this would introduce an uncertainty of Tsrs-periodicity depending on the SRS period used in the test case.

Proposal 1 : For RACHless HO, the interruption time is defined as is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE is ready to start transmissions of PUCCH, PUSCH or SRS to the new cell excluding the RRC procedure delay
The interruption time itself is defind by Tinterrupt = Tsearch + TIU + 20 ms, The TIU term is not relevant, since this is included for PRACH transmission occasion uncertainty. The Tsearch term is applied for blind handovers and we do not see any need to change the term for RACHlesss HO. One aspect which is worthy of further discussion is that the UE would need to decode SFN of the target cell before it can transmit PUCCH or SRS. This is not allowed for in the existing interruption time, although the UE does need to decode SFN at some point in the legacy HO procedure, for example after it has transmittd PRACH. However, in the new procedure SFN is explicitly needed by the UE before the interruption time can end. RAN4 may discuss the requirement for SFN decoding. P-BCH is transmitted with 4 redundancy versions and the transmissions are self decodable. By determing the BCH content and the redundancy version, the SFN may be determined. This means that SFN determination may take up to 11 subframes in good conditions (if the UE starts listening very shortly after a transmission of PBCH has just stated), or 41ms if the UE needs to combine all 4 RVs to decode successfully, or even longer if multiple attempts are needed. RAN4 could discuss the requirement and a suitable side condition for SFN determinations
Proposal 2 : For RACHless HO, the time to decode SFN needs to be added to the interruption time requirement and a suitable requirement and side conditions should be discussed in RAN4.

This means that the Tinterrupt = Tsearch + TSFN + TIM ms,

TSFN is the required time to decode SFN and  TIMi s an implementation margin specific term. Both may be discussed further by RAN4, eg in suitable conditions TSFN  can be up to 41ms (or less) and  TIM may perhaps reuse the legacy implantation margin of 20ms.
Make before break handover

For this feature, in principle the HO processing is unchanged but the UE has capability to continue to receive and transmit to the old serving cell while HO processing for the new cell is being peformed. This means that most of Tinterrupt may be moved to handover delay, there is very little or no interruption time in a make before berak HO (which is the point of the new procedure). 

Hence, as a first order approximation, Dhandover would be 

Dhandover = RRC procedure delay + Tsearch + Tiu + 20 ms (PRACH case)
Dhandover = RRC procedure delay + Tsearch + TSFN + TIM ms (RACHless case)

Tinterrupt = 0ms.

In practice make before break handover may involve some short interruption. For example, with async cells there is clearly an interruption due to the misalignment of TTIs on source and target cells. Howeever, Tinterrupt should be close to zero.
Proposal 3 : RAN4 has more consideration on the requirements for make before break HO, for example
Dhandover = RRC procedure delay + Tsearch + Tiu + 20 ms (PRACH case)

Dhandover = RRC procedure delay + Tsearch + TSFN + TIM ms (RACHless case)

Tinterrupt = 0ms

3 Conclusions

In this contribution we discuss requirements updates for RACHless handover and make before break handover according to the RAN2 led work item on mobility enhancements.
We propose

Proposal 1 : For RACHless HO, the interruption time is defined as is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE is ready to start transmissions of PUCCH, PUSCH or SRS to the new cell excluding the RRC procedure delay
Proposal 2 : For RACHless HO, the time to decode SFN needs to be added to the interruption time requirement and a suitable requirement and side conditions should be discussed in RAN4.

Proposal 3 : RAN4 has more consideration on the requirements for make before break HO, for example

Dhandover = RRC procedure delay + Tsearch + Tiu + 20 ms (PRACH case)

Dhandover = RRC procedure delay + Tsearch + TSFN + TIM ms (RACHless case)

Tinterrupt = 0ms
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