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1 Introduction
In last RAN2 meeting, in [1], some agreements about the URLLC were achieved as the followings:
[image: image1.png]=> Whether the delay requirements for URLLC and eV2X apply during mobility events has to be
clarified. Also the speed of the device and error rate when the delay requirements apply

needs to be clarified. LS to be sent to RAN to ask for clarification in R2-165906.

RAN2 can investigate solutions even before the requirements are clarified.





In order to further clarify the latency requirements for URLLC apply to mobility events, a LS was sent from RAN2 to RAN in last meeting. In this contribution, we will mainly discuss the mobility for URLLC.
2 Discussion
For URLLC the target for user plane latency should be 0.5ms for both UL and DL. In our understanding, this requirement should be satisfied even during the mobility. 
At this moment, it is not clear what state should URLLC state UE stay in. there are at least two possibilities: "new state" or connected state. On the other hand, it is also not clear whether URLLC UE should consider energy saving or not. Our understanding is that energy saving is a basic requirement for all kind of UE including URLLC UE. It is important for RAN2 to consider a solution for high performance support of URLLC UE from the beginning of NR.
Proposal 1: For URLLC, it should be possible to ensure both 0.5ms UL and DL latency also in case of handover.
Proposal 2: In order to ensure low power consumption, the URLLC UE can also be in the "new state" while still achieving low latency for UL data.
2.1 UE in "new state"
In "new state", the UE has no data transmission. If cell reselection is considered as the baseline for "new state", RACH or simplified RACH process should be used for data transmission in order to minimize the latency. According to the analysis in [1], it is impossible to satisfy 0.5ms latency requirement. In order to satisfy URLLC user plane latency, one possible way is to use UL based measurement, i.e. the URLLC UE sends UL tracking signal periodically and multiple TRPs can detect this signal and be prepared for uplink transmission from the UE. When UE has data to be transmitted, it just transmits data without any prior signalling.
If UE is moving from one cell to another, if both cells are DL synchronized, the network can pre-configure resource in the target cell based on the tracking of the UE. If the neighbour cell is not DL synchronized to the source cell, the URLLC UE should synchronize to the neighbour cell first and then transmit an UL tracking signal based on the acquired information from SI. Whether the resource for URLLC data transmission in different cells should be reconfigured or not needs to be further studied.
Proposal 3: UE tracking based on UL measurement is supported for URLLC UEs in "new state".
2.2 UE in connected state
In LTE, as defined in [3], the handover procedure with the focus on handover execution phase, i.e. only step 7 to step 11, is shown below. 
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Figure 1 Handover execution procedure
Based on the above figure, we can see the latency during handover execution mainly includes the following aspects:
Table 1 the latency during handover execution
	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 NR, the above 50ms handover latency is unacceptable for URLLC. Therefore, how to reduce the handover latency should be further studied for URLLC. 
In Rel-14, 3GPP has studied on latency reduction techniques for LTE, and two potential solutions were provided to reduce latency during handover. One solution is RACH-less handover which can be introduced when the source cell, the target cell and the UE are synchronized. The other solution is "make before break" which requires UE to keep the connection with the Source eNB during handover.
For URLLC, it also needs to study how to reduce the handover latency, so it seems that the similar solutions provided in Rel-14 can be optimized for URLLC. In RACH-less handover solution, the RACH procedure can be skipped during handover, so 10~20ms delay is reduced, but the remaining delay during handover may be still too large for URLLC. 
Observation 1: RACH-less handover solution in Rel-14 may be unable to meet the requirements on mobility for URLLC of UE in connected mode. 
In "make before break" solution discussed for LTE, the UE can continue the data transmission with the source eNB after receiving the handover command until RACH is initiated. This does not ensure 0ms handover interruption because as soon as RACH is initiated, the data transmission is stopped. In order to achieve 0ms interruption time and 0.5ms UP latency for URLLC, it would be necessary that the UE can continue data transmission towards the source even when RACH is initiated to the target. This may require the UE to have the same capability like for DC. If the UE is DC-capable, one possibility could be that the bearers for URLLC data are configured as split bearers between the source and the target gNB so that the UE is ready to receive DL data either from the source or from the target gNB and to is ready to send UL data to either the source or the target eNB.

Unlike DC, there may not be any real need for reordering in DL or for any mechanism based on UE buffers to select the uplink path to send data, but the other functions could be common with DC.

Proposal 4:  For URLLC capable UEs, consider the use of the DC framework for 0ms interruption handover (so that during handover, the UE is ready to send/receive data to/from both the source and the target.
For NR, there is an interest to have cells consisting of multiple TRPs. When the UE is moving towards the edge of an area, say cell A, which is neighbour to another cell, say cell B, and both cell A and B consist of multiple TRPs. There may be the possibility to have significant overlap between cells, e.g. by having some TRPs at the border of the two cells capable of participating in both cells, as illustrated in figure 2.
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Figure 2: TRP shared between two cells
When the UE moves to the shared TRP, it could be connected to any of the two cells with exactly the same link quality. If the network sees that the UE connected to cell A is moving toward cell B (using DL or UL measurements), the handover decision is made and it is possible to switch from the source to the target cell in a perfectly coordinated manner without any risk of failure in order to achieve 0ms mobility interruption.
Proposal 5:  Study the use of shared TRPs for 0ms interruption handover for URLLC.
In LTE, before handover, the handover decision is based on UE measurement report. In high mobility scenarios and in ultra dense network deployments, there is a significant risk of handover failure as there may not be enough time for the UE to detect, to measure and to report neighbour cells to the serving cell. In order to address these scenarios, the network could be configured with neighbour cells ready for handover and UE mobility could be monitored by the network based on periodic UL signals. RAN2 already agreed to study the possibility for UEs in "full connected" state.  
Proposal 6: UL based mobility in "full connected" should meet the reliability and latency requirements for URLLC mobility, especially in scenarios such as dense network deployments and high mobility.
3 Conclusion
This paper mainly further discusses the mobility for URLLC. Based on the above analysis, we have following observations and proposals:
Observation 1: RACH-less handover solution in Rel-14 may be unable to meet the requirements on mobility for URLLC of UE in connected mode. 
Proposal 1: For URLLC, it should be possible to ensure both 0.5ms UL and DL latency also in case of handover.
Proposal 2: In order to ensure low power consumption, the URLLC UE can also be in the "new state" while still achieving low latency for UL data.
Proposal 3: UE tracking based on UL measurement is supported for URLLC UEs in "new state".
Proposal 4: For URLLC capable UEs, consider the use of the DC framework for 0ms interruption handover (so that during handover, the UE is ready to send/receive data to/from both the source and the target.
Proposal 5:  Study the use of shared TRPs for 0ms interruption handover for URLLC.
Proposal 6: UL based mobility in "full connected" should meet the reliability and latency requirements for URLLC mobility, especially in scenarios such as dense network deployments and high mobility.
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