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1. Introduction
In the last RAN4 meeting, there were lots of discussions on handover requirements and initial transmission requirements for enhanced mobility solutions. RAN4 agreed to introduce requirements for the RACH-less, make-before-break and combination of the two. 
	· Introduce new intra-frequency and inter-frequency handover delay requirements for RACH-less solution

· Introduce new intra-frequency handover delay requirements for make-before-break solution

· FFS inter-frequency  per RAN2 conclusion 

· Introduce new intra-frequency handover delay requirements for combination of RACH-less and make-before-break solution

· FFS inter-frequency  per RAN2 conclusion 

· Introduce initial transmission timing error requirements for RACH-less solution.




However the details of the requirements are not agreed yet and need further analysis. In this contribution, we provided our views on the requirements for the solutions of mobility enhancement. 
2. Discussion
· Requirements for RACH-less handover
RACH-less solution is that the TA value that indicated in the handover RRC message, which is either 0 or the same as source cell, is applied in uplink transmission. No PRACH procedure is needed anymore. The UE is ready to transmit PUSCH either by UL grant in RRC message or by monitoring PDCCH.

The handover requirements include handover delay and interruption time. In the agreed WF [5] the handover delay was agreed as below. 
	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


Due to lack of information of RAN2 decision in the last meeting, RAN4 thought that initial uplink transmission includes PUSCH, PUCCH and SRS channel. However in RAN2 discussion the initial UL transmission is only considered to be PUSCH channel. Therefore the handover delay should be revised a little bit to reflect RAN2 conclusion on first transmission.
Proposal 1: Handover delay for RACH-less solution is defined as follows.
When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH 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
The interruption time for RACH-less was agreed to be Tinterrupt = Tsearch + TIU + 20. Tsearch would be the same as that in legacy handover procedure. The 20ms is UE processing time that required by UE before it is ready to start uplink transmission in the target cell. This time should be kept as is. The issue is how to define the TIU which is interruption uncertainty of uplink transmission of PUSCH due to uncertainty in UL grant.
There are two possible procedures to acquire UL grant. One is that UL grant is configured in RRC message. The other is that UL grant is obtained by monitoring PDCCH in target cell after UE is ready for uplink transmission in target cell.

If UL grant is configured in RRC message it would be in the following format [6].
UL-ConfigInfo-r14 ::=



SEQUENCE {


ul-SchedInterval-r14


ENUMERATED {sf1, sf2, sf5, sf10},

ul-StartSubframe-r14


INTEGER (0..9),


ul-Grant-r14




BIT STRING (SIZE (16)),
}
The initial uplink transmission subframe would be ul-StartSubframe and subsequent uplink transmission subframe would be subframes  [N * ul-SchedInterval + ul-StartSubframe] modulo 10 as in [7]. As maximum scheduling interval is 10ms the UL grant is available every 10ms at least. This means the uncertainty for first PUSCH transmission is 10ms. Therefore the TIU in the interruption time could be set as 10ms.
If UL grant is not configured in RRC message then UE should monitor PDCCH in the target cell to acquire UL grant. However when UL grant is scheduled in PDCCH will not be specified in RAN2 spec according to current status in RAN2. It is a little bit hard for RAN4 to define interruption time requirements for this case. UE will detect PDCCH immediately if UE is ready to do so. The time between UE is ready to monitor PDCCH and eNB starts to schedule the UE is unknown and depends on eNB implementation. If eNB starts to schedule the UE in each subframe before UE is ready to monitor PDCCH, then UE can have UL grant for first transmission once it is ready. If UE is not scheduled in each subframe, then there will be uncertainty. If eNB starts to schedule the UE after UE is ready to monitor PDCCH then there is uncertainty either.
It might be reasonable that assuming eNB starts to schedule UE in each subframe before UE is ready to monitor PDCCH. Then the interruption uncertainty for PUSCH transmission is 4 ms as the scheduled PUSCH is transmitted in subframe n+4. 
Comparing the two UL grant procedures it seems the interruption uncertainty for first PUSCH transmission is similar although there are not the same. In this aspect we think it is reasonable to define unified requirement to make it simple.  The requirement when UL grant is configured in RRC message can be considered applying to the other case.
Proposal 2: Interruption time for RACH-less solution is Tinterrupt = Tsearch + TIU + 20. TIU is the interruption uncertainty in acquiring the first available PUSCH transmission time in the new cell. TIU can be up to 10 ms.
· Requirements for make-before-break handover
The make-before-break solution is UE continues the uplink/downlink transmission/reception with the source cell until the first PRACH transmission in the target cell. The handover procedure is the same as legacy handover, so the handover delay should be the same as legacy one. In the agreed WF [5] the handover delay for make-before-break is as below. 

	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 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 handover processing time (equivalent to Tinterrupt as in legacy handover procedure)


Since UE continues the uplink/downlink transmission/reception with the source cell the interruption time during handover procedure is reduced. However the handover processing would not be affected.

When UE searches the target cell and waits for PRACH occasion UE is still connected to the source cell so the service in not interrupted. Within the 20ms UE processing time for handover the UE should also continues the uplink/downlink transmission/reception with the source cell. When UE is ready to transmit PRACH at configured PRACH occasion UE will release the connection with source cell. Considering misalignment of synchronization between source cell and target cell, the interruption time would be in the order of 1ms.
There was concern that if BW changes during intra-frequency handover the interruption time would also be impacted. During the legacy handover procedure interruption is caused by several facts which include UE processing time for handover, searching the target cell if it is not already known when the handover command is received by the UE and waiting for the occasion for PRACH transmission. The whole procedure doesn't need to change the BW of receiver. The make-before-break requires UE continues uplink/downlink transmission/reception with the source cell until the first PRACH transmission. UE can change the BW if necessary after first PRACH transmission starts. This will not cause interruption during handover. Therefore we think interruption time will not be impacted by BW change.
Proposal 3: Interruption time for make-before-break solution is Tinterrupt = [1] ms.
· Requirements for make-before-break + RACH-Less handover
The make-before-break together with RACH-Less handover solution is that UE continues the uplink/downlink transmission/reception with the source cell until the first PUSCH transmission in the target cell. The handover procedure itself is the same as legacy handover, so the handover delay should be the same as legacy one. In the agreed WF [5] the handover delay for make-before-break was agreed as below. 

	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 and 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 handover processing time (equivalent to Tinterrupt as in legacy handover procedure)


Similar to the discussion for RACH-Less solution that only PUSCH is considered for the first uplink transmission, so the handover delay definition should be revised.
Proposal 4: Handover delay for make-before-break together with RACH-less solution is defined as follows.
When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH 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
In principle the interruption time is similar to the make-before-break solution. UE connects to the source cell during the handover so there would be no interruption. The interruption time of 1ms as for make-before-break can be reused.
It may need to consider the BW change during handover for the combined handover solution. If UL grant is configured in RRC message then UE doesn’t need to change the BW until the first transmission of PUSCH. However if UL grant is to be acquired by monitoring the PDCCH of target cell then UE needs to change the BW to the target cell. This may takes some time which may be in the order of 5ms as in previous email discussion. 
Further it would not be specified when UL grant would be sent over PDCCH. It can still be assumed that eNB starts to schedule UE in each subframe before UE is ready to monitor PDCCH. Then the interruption uncertainty for PUSCH transmission is 4 ms as the scheduled PUSCH is transmitted in subframe n+4.
If UL grant is not configured in RRC message, by taking all the factors together it seems the overall interruption time is 10ms for the combined solution if there is BW change and it is 5ms if there is not BW change.
Proposal 5: For make-before-break + RACH-less solution, If UL grant is configured in RRC message, the interruption time is Tinterrupt = [1] ms. If UL grant is not configured in RRC message, the interruption time is Tinterrupt = [5] ms if there is no BW change and it is Tinterrupt = [10] ms if there is BW change.

· Inter-frequency handover requirements for make-before-break with/without RACH-Less
Whether to support inter-frequency handover requirements is still under discussion in RAN2. It seems it’s possible to support this feature for certain type of UE. We only discuss the requirements for inter-frequency handover blow. If RAN2 made decision to support this feature RAN4 can define the requirements accordingly.
The inter-frequency handover is very similar to the intra-frequency handover so the requirements for intra-frequency handover can be reused. One more important thing is that there is no BW change issue compared to intra-frequency handover. This would simply the inter-frequency handover requirements.
Proposal 6: If make-before-break type of solution is supported for inter-frequency handover, the requirements for intra-frequency can be reused except not to consider BW change issue.

3. Conclusion
In this contribution, we provided our views on the requirements for the agreed solutions for mobility enhancement in RAN2 LS. Following proposals are present.
Proposal 1: Handover delay for RACH-less solution is defined as follows.
When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH 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
Proposal 2: Interruption time for RACH-less solution is Tinterrupt = Tsearch + TIU + 20. TIU is the interruption uncertainty in acquiring the first available PUSCH transmission time in the new cell. TIU can be up to 9 ms.
Proposal 3: Interruption time for make-before-break solution is Tinterrupt = [1] ms.
Proposal 4: Handover delay for make-before-break together with RACH-less solution is defined as follows.
When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH 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
Proposal 5: For make-before-break + RACH-less solution, If UL grant is configured in RRC message, the interruption time is Tinterrupt = [1] ms. If UL grant is not configured in RRC message, the interruption time is Tinterrupt = [5] ms if there is no BW change and it is Tinterrupt = [10] ms if there is BW change.

Proposal 6: If make-before-break type of solution is supported for inter-frequency handover, the requirements for intra-frequency can be reused except not to consider BW change issue.
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