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1 Introduction
During last RAN2#95 meeting, it has been agreed to introduce RACH-less handover for small cell and intra-eNB cases. The agreements are:
	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.




=>  The subframe allocation and uplink grant format can be configured by RRC message. If the subframe allocation and uplink grant format is configured, the starting subframe of the configured uplink grant is provided by the target eNB in RRC message. If UE doesn’t receive UL grant in RRC message, it will monitor PDCCH of the target eNB for UL grant. UE doesn’t need to know the SFN of the target eNB.
=>  The above agreement in red colour can be revisited because the inconsistency issue pointed out by Intel.

=>
RACH-less solution can be used for SCG change and handover scenarios.
It was found that one of the agreements related to UL grant has compatibility issue when both make before break and RACH-less handover are enabled. This contribution is to revisit this issue and provide recommendation. 
2 Discussion
2.1 UL grantDuring RAN2#94, it was agreed:

=>  RAN2 to adopt option B2 to get UL grant for RACH-less solution. Option B2 is that “Target eNB pre-allocated periodic UL grant”.
The option B2 from [2] is copied for reference below:
 
Option B2: Target eNB pre-allocated periodic UL grant. 
In this option, the eNB pre-allocated a periodic UL grant to the UE and send the related information (such as periodicity) in the container and send it to the UE via mobility control information. When the UE is ready to switch to the target eNB, it can use the earliest pre-allocated UL grant to send the RRCConnectionReconfigurationComplete message to complete the handover. The source eNB will stop downlink transmission when it thinks the UE handover to target eNB.
In the agreement, it stated “pre-allocated” and UL grant is sent via “container and send it to the UE via mobility control information”. Therefore, RAN 2 to reconfirm to send the pre-allocated periodic UL grant via RRC message.
Proposal 1: RAN 2 to reconfirm to send the pre-allocated periodic UL grant via RRC message.

During last RAN2#95bis meeting, some companies brought up another solution to send the UL grant to the UE via PDCCH. There are two options using PDCCH. (1) SPS like PDCCH. The UE first has to monitor PDCCH immediately for activation message from target right after receiving the HO command. (2) Dynamic PDCCH, it is unclear if activation is needed. The UE is required to continuously monitor PDCCH to see when the grant will be available. When UL resource grant is received in both options (1) and (2), the UE can send the RRCReconfigurationComplete message after 3ms (i.e., in subframe n+4). 
Observation 1: SPS like PDCCH and dynamic UL grant require the UE to monitor PDCCH immediately for activation message from target right after receiving the HO command. The network has to continuously send PDCCH until UE sends the RRCReconfigurationComplete message. 
Observation 2: Both PDCCH UL grant options introduce 4ms delay which is opposite from the objective of the work item.

When the network enables both RACH-less and make before break while using PDCCH for UL grant, there is a compatibility issue. Figure 1 below illustrates that if the UE receives the HO command (step 5 grant) from source eNB without including the UL grant, then the UE will have to monitor PDCCH for uplink grant (purple line) immediately. However, that means the UE cannot receive downlink data from the source eNB anymore, and as such the interruption time cannot be reduced as intended. One proposed solution is to not apply PDCCH based UL grant when both RACH-less HO and make before break are enabled. But then, the specification will be quite messy. Therefore, it is proposed not to introduce PDCCH-based UL grant.
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Proposal 2: RAN2 not to introduce PDCCH based UL grant for RACH-less handover.
2.2 T304 and T307 timer handling
One remaining issue for RACH-less handover is T304 and T307 handling. In current LTE handover procedure, T304 and T307 are stopped when the MAC successfully completes the random access procedure. The table below shows the start, stop and expiry related actions:
	Timer
	Start
	Stop
	At expiry

	T304
	Reception of RRCConnectionReconfiguration message including the MobilityControl Info or

reception of MobilityFromEUTRACommand message including CellChangeOrder
	Criterion for successful completion of handover within E-UTRA, handover to E-UTRA or cell change order is met (the criterion is specified in the target RAT in case of inter-RAT)
	In case of cell change order from E-UTRA or intra E-UTRA handover, initiate the RRC connection re-establishment procedure; In case of handover to E-UTRA, perform the actions defined in the specifications applicable for the source RAT.

	T307
	Reception of RRCConnectionReconfiguration message including MobilityControlInfoSCG
	Successful completion of random access on the PSCell, upon initiating re-establishment and upon SCG release
	Inform E-UTRAN about the SCG change failure by initiating the SCG failure information procedure as specified in 5.6.13.


According to TS 36.331, the T304 is stopped (meaning the successful handover) when the MAC successfully completes random access procedure:
1> if MAC successfully completes the random access procedure:
2> stop timer T304;

The implication is that the UE starts RACH procedure by sending the preamble to target cell, then the target cell sends back a random access response indicating that the RACH is successful. This also means that the target receives the RACH successfully from the UE and hence the handover is successfully completed. 

For RACH-less handover, there are following options for handling timers T304 and T307:

· Option 1: stop T304/T307 if the UE initiates the first transmission of PUSCH to the target PCell/PSCell. MAC layer needs to indicate the first transmission of PUSCH.
· Option 1a: stop T304/T307 if the UE successfully completes RRC connection reconfiguration complete message to the target PCell/PSCell. MAC or RLC layer needs to provide completion indication on RRC connection reconfiguration complete message, which is not supported in the current LTE. 
· Option 2: stop T304/T307  when the UE receives a unicast PDSCH/PDCCH from target eNB after sending the first transmission of PUSCH to the target PCell/PSCell
· Option 3: stop T304/T307 by RRC signalling from target to the UE indicating the successful reception of the RRCConnectionReconfigurationComplete message. MAC layer needs to indicate the first reception of unicast PDSCH/PDCCH from the target eNB.
· Option 4: T304/T307 are not used for RACH-less handover. In case of HOF, since T310 is already stopped when HO_CMD is received, the UE needs to start from the beginning of the RLF procedure (i.e. perform RLM, triggering out-of sync indication, start timer T310, and wait for T310 to expire). This will increase the delay of the re-establishment procedure.   
In option 1, the UE initiates the first transmission of PUSCH to target PCell doesn’t mean the transmission will be successful. Unlike in RACH case, the RAR is sent back to the UE to indicate the success of handover. It is possible that the power value is not accurate and causes the PCell not be able to receive the UE transmission. In this case, the UE will declare RLF if the channel is really bad, but the network will not be able to distinguish RLF and HOF. 
In option 2: the downlink unicast PDSCH can be an implicit indication to the UE that the network has received the first transmission of PUSCH to target PCell and hence the handover is successful. However, if the network doesn’t transmit in PDSCH for a long time, T304/T307 may expire. The UE may then re-establish unnecessarily.  

In option 3: using RRC to signal the UE completion of HO. This may introduce addition delay in HO procedure. But this can guarantee the correct operation of the handover procedure.

In option 4: if T304/ T307 is not used, long re-establishment delay in case of HOF is expected. 
Proposal 3: RAN2 to agree that T304 after the UE initiates the first transmission of PUSCH to target PCell is not stopped
Proposal 4: RAN2 to decide Option 2 or Option 3 to stop T304.
3 Conclusion
Observation 1: SPS like PDCCH and dynamic UL grant require the UE to monitor PDCCH immediately for activation message from target right after receiving the HO command. The network has to continuously send PDCCH until UE sends the RRCReconfigurationComplete message. 
Observation 2: Both PDCCH UL grant options introduce 4ms delay which is opposite from the objective of the work item.

Proposal 1: RAN 2 to reconfirm to send the pre-allocated periodic UL grant via RRC message.

Proposal 2: RAN2 not to introduce PDCCH based UL grant for RACH-less handover.
Proposal 3: RAN2 to agree that T304 after the UE initiates the first transmission of PUSCH to target PCell is not stopped
Proposal 4: RAN2 to decide Option 2 or Option 3 to stop T304.
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