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1      Introduction
In RAN#71, work item “Further mobility enhancements in LTE” [1] was approved. The objective of this work item is to study solutions to minimize service interruption in mobility events for both ideal and non-ideal backhaul scenarios. One of the aspect is to potentially down select between solution 1 (RACH-less handover) and solution2 (Maintaining source eNB connection during handover) in [2]. In this contribution, we discuss details of solution 2 so we can fully understand the solution before we make any decision and in a separate contribution [8], we discuss details of solution 1. 

2      Discussion
During latency reduction study item, two solutions to reduce handover interruption time have been discussed[2]. They are: Solution 1: RACH-less handover; and Solution 2: Maintaining source eNB connection during handover. In this contribution, we would like to discuss details of Solution 2: 
Current handover:

In current handover, the UE sends measurement report to the source eNB once the measurement event is triggered and TTT is expired. Then the source eNB will send handover request. Once source eNB receives the handover acknowledgement from target eNB, it sends an RRCConnectionReconfiguration message to the UE including the mobility control information (containing RACH preamble information generated by the target eNB). The UE then performs RACH procedure toward the target eNB. When the UE receives RAR from the target eNB, it sends the RRCConnectionReconfigurationComplete message indicating the handover is completed.
Figure below shows the service interruption time in handover captured in TR36.881. And table 5.2.2-1 captured in TR36.881 shows the latency component during handover.  
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Figure 5.2.2-1: Service interruption time in handover

Table 5.2.2-1. Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5



In TR 36.881, it also captured the three main delay components categories:

· RRC procedure delay, including RRC signalling processing (step 7)
· UE processing time, including delay for RF/baseband retuning, derive target eNB specific keys, configure security algorithm to be used in target cell (step 9.2)
· RACH procedure and RRCConnectionReconfigurationComplete, including delay to acquire first RACH occasion in the target cell (steps 9.3 to 11)
To reduce each of the components categories in solution 2, there are three options in general:
· Option 1: UE performs DL reconfiguration to target eNB and DL/UL communication with source eNB simultaneously. Once UE sends RACH to target eNB, UE stops communication with source eNB.
a. In this approach, the UE has simultaneously communication until RACH procedure.
b. The interruption time saving is 15ms (step 7) + 20ms (step 9.2) = 35ms.
· Option 2: Similar to above, but UE can maintain some TDM communication between source eNB and target eNB.
a. In this approach, the UE TDM between source eNB and target eNB. The UE will perform RACH procedure on target eNB (source eNB should stop transmission during this time) and monitor RAR window on target eNB and finally sends RRC Connection Reconfiguration Complete message to the target eNB. The remaining time, the UE can receive downlink data from source eNB.
b. The interruption time saving is 15ms (step 7) + 20ms (step 9.2) = 35ms.
· Option 3: Simultaneous Tx/Rx with source eNB and target eNB.
a. In this approach, the UE is capable of simultaneous Tx/Rx with both source eNB and target eNB. The UE can stop reception from source eNB once it receives the RAR from target eNB.
b. The interruption time saving is 15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) = 43.5ms.
c. This approach is more challenging in co-channel case. If not feasible in co-channel case, can only apply in non co-channel scenario.
Observation 1: Option 3 has the largest saving in interruption time in compare to option 1 and 2.
Observation 2: Option 1 and Option 2 have the same saving in interruption time.
Observation 3: Option 3 requires the UE has the capability to simultaneous Tx/Rx with source eNB and target eNB.
Observation 4: Option 1 requires the UE to perform reconfiguration to target eNB while tx/rx with source eNB.

Proposal 1: Ask RAN 4 the feasibility of option 1 and 3 for both co-channel and non co-channel case.

Proposal 2: RAN2 to discuss each of the option above.
2.1     Option 3 for solution 2
In solution 2 [2], it is suggested to maintain the connectivity with source eNB after receiving the HO command is sent by the source eNB until the UE receives the random access response (RAR) from the target eNB to reduce the interruption time during handover. Figure 1 shows the detail procedure flow for solution 2 option 3.
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Figure 1: make before break handover procedure
Below is the description of the procedure which will have specification impact:
Change 1 (Step 7): After step 7 (the source eNB sends the HO command to the UE including the mobility control information from target eNB), the UE will synchronize to new cell and continue receiving DL data from the source eNB.
Change 2: Source eNB buffers the packets, then forwards to target eNB and sends it to the UE.

Change 3 (Step 9): UE creates target MAC entity (at least) prepared for random access procedure towards the target eNB.
Change 4 (Step 10): After the UE receives random access response (RAR) from the target eNB, it resets the source eNB MAC/PDCP/RLC. 

Change 5 (Step 10b and 10c): Target eNB sends HO complete to source eNB and source eNB stops the data transmission towards the UE and sends the SN status transfer to the target eNB. Optionally, the source eNB can sends the SN status transfer sooner to reduce further interruption time. (this step is optional since the UE already sends the PDCP status report to the target eNB in step11)
Change 6 (Step 11): The UE sends RRCConnectionReconfigurationComplete message to the target eNB indicating handover is complete with optional PDCP status report. This step can happen in parallel to Step 10b and 10c.
Change 7: Target eNB discards the ACKed PDCP packet(s) and starts forwarding the unACK packet(s) to the UE. Target eNB can start sending packet to the UE without waiting for the SN status transfer. 
3      Conclusion
Observation 1: Option 3 has the largest saving in interruption time in compare to option 1 and 2.
Observation 2: Option 1 and Option 2 have the same saving in interruption time.
Observation 3: Option 3 requires the UE has the capability to simultaneous Tx/Rx with source eNB and target eNB.

Observation 4: Option 1 requires the UE to perform reconfiguration to target eNB while tx/rx with source eNB.

Proposal 1: Ask RAN 4 the feasibility of option 1 and 3 for both co-channel and non co-channel case.

Proposal 2: RAN2 to discuss each of the option above.
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