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1
Introduction
In RAN3#104, following WA was made. 

WA: When to start data forwarding is up to implementation

However it seems not clear what does it really mean on RAN3 work (e.g. Doesn’t RAN3 allow to discuss data forwarding timing anymore? If so, is there no concern on inter-vendor operation? On some option, regardless of some signalling (via Uu or X2/Xn) is necessary? and so on…)

Thus, this contribution analyse what to be specified in RAN3 (and what to be left to implementation) considering each option and proposes which option to be specified.
2
Discussion
2.1 Summary of contributions in RAN3#104
Several options were described in contributions of RAN3#104. Following figure and table summarizes possible options (by quoting figure in [1])
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Table 1 Summary of each option (based on contributions [1]-[5])
	
	Supporter
	Pros
	Cons
	Notes

	Opt 1
	CATT[2]

Ericsson?[3]


	-[2][3]:minimizing interruption  to the data delivery
	-[1]:Only for single target cell is assumed (to avoid meaningless data forwarding) 
-[3]: Higher backhaul traffic (in case packets are forwarded to multiple)
-[4]: Packet duplication (received by the UE before the HO execution)
	-[2]:FFS on how to avoid meaningless resource consumption 

	Opt 2
	China Telecom [4]
	-[2]:Reducing interruption  to the data delivery


	- [1][2]:Target node may not receive the indication from the UE when the source link quality is (already) bad.

-[2]: (1) no guarantee data forwarding before UE access to target cell, (2) not simple indication (i.e. need to indicate target cell), which invites less possibility to reach source node as packet size comes to be larger.
	-[4]:If the sending timing is same as MR, loss rate would be lower than legacy.

-[4]:If not received, Opt.4 can be performed.

	Opt 3
	
	
	- [1]:wait for the data transferred from the source eNB, which would cause UE data transmission latency.
	

	Opt 4
	Huawei [1]

Ericsson?[3]

China Telecom? [4]
	-[1]:Compared with the other options, Option4 seems more reasonable.
-[3]:Lower backhaul traffic (in case packets are forwarded to multiple targets in early data forwarding)

-[3]:No packet duplication
	-[3]: Higher UP traffic interruption time
	-[3]:Late data forwarding can be improved.


Note that CMCC proposal [5] is to evaluate and make decision on above options.
Observation 1: On Opt. 1 and Opt.4, there are both several supporters and pros. Opt .2 has one supporter and Opt.3 has no supporter.

2.2 What to be specified at least
Firstly, RAN3 should clarify which option(s) to be supported and capture it in the specification (stage 2?) ; otherwise, (1) it is difficult to discuss necessary signalling and (2) to achieve inter-vendor operation (if it is not clear, operators needs to pay great effort to align the behaviour.) Then, of course, and as is usual, necessary signalling should be defined.

Observation 2: If option(s) to be supported is not clear (and not captured in any spec.), it would be difficult to (1) discuss necessary signalling and (2) achieve inter-vendor operation.
Proposal 1: Firstly, RAN3 to clarify which option(s) to be supported and capture it in the specification (stage 2?)

From another angle (e.g. inter-vendor operation pov or performance pov), it may be better to have some “recommendation” (but, of course, depend on which option to be supported.) When seeing TS36.300, following is described.
“NOTE:
As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.”

So, it would be worth to discuss “possible recommendation.” 

Observation 3: Current specification has some “recommendation” for e.g. inter-vendor operation pov or performance pov.

Proposal 2: Once option(s) are selected, RAN3 to discuss the necessity of “possible recommendation”
Considering above, “up to implementation” area should be very limited. If multiple options are defined in 3GPP, it would be “up to implementation” which option to be used on CHO. (e.g. if multiple options are supported by a node, which an option the node selects on CHO (OAM configuration, resource consumption, CQI, slice and so on.)) 

 However, current WA is not clear on this. 

Observation 4: On current WA, it is not clear that “up to implementation” is applicable only for which option to be used if multiple options are defined in 3GPP.

Proposal 3: RAN3 to rephrase current WA as “If multiple data forwarding options are defined in 3GPP, which option to be used is up to implementation”
Note that, even in that case, if there is signalling impact on the selection, it needs to be standardized.
2.3 Further analysis on each option
 (1) Opt. 1

As mentioned by Ericsson [3], this option has clear pros (i.e. minimizing interruption time) and cons (i.e. more resource consumption (e.g. Uu, backhaul, target node)).
Furthermore, as CATT mentioned, some mechanism to update the target node buffer would be required (to avoid sending duplicated packets as much as possible).

Observation 5: Opt 1 has clear pros (i.e. minimizing interruption time) and clear cons (i.e. more resource consumption, require mechanism to update the target node buffer)
(2) Opt. 2

This option has more interruption time than Opt.1 as data forwarding starts only after HO completion. And, it requires UE impact. Furthermore, to cover the case where the Uu signal is not reached to source node, Opt.4 needs to be supported anyway (as backup plan). So, this option seems not preferable option.

Observation 6: Opt 2 has less pros than opt. 1(i.e. more interruption time) and some cons (i.e. UE impact and necessity of backup plan)
(3) Opt. 3

This option has most interruption time within these options as data forwarding starts only after UE context release. So, from the objective of CHO, this option is meaningless. Furthermore, it would be strange to forward data after “UE context release” reception. (i.e. UE context needs to be kept after “UE context release” reception.) It may invite meaningless complexity on implementation.

Observation 7: Opt 3 has only some cons (i.e. require meaningless complexity on implementation)
(4) Opt. 4

This option has more interruption time than Opt.1 as data forwarding starts only after HO completion. And, it requires NW impact. However, comparing Opt.2, no backup plan is required as C-plane NW interface is assumed to be reliable.

Observation 8: Opt 4 has less pros than opt. 1(i.e. more interruption time) and some cons (i.e. NW impact)
(5) Summary of options
Following table summarizes above observations

Table 2 Summary of each option (based on further analysis)

	
	Interruption

 time
	Impacted 
interface
	Resource 

Consumption
	Other required points

	Opt 1
	Min
	X2/Xn?(*1)
	High
	Mechanism to update the target node buffer

	Opt 2
	Mid.
	Uu
	Low
	Backup plan ( Opt.4)

	Opt 3
	Max.
	-
	Low
	Meaningless complexity on implementation

	Opt 4
	Mid.
	X2/Xn(*2)
	Low
	


*1: For mechanism to update the target node buffer
*2:For CHO completion indication from the source node to the target node.
Considering pros and cons, following is proposed.

Proposal 4: RAN3 to define both Opt.1 (i.e. early data forwarding) and Opt.4 (late data forwarding on NW HO complete indication)
3
Conclusion
This contribution analyse what to be specified in RAN3 (and what to be left to implementation) considering each option and proposes which option to be specified.
Following observations and proposals are obtained.
Observation 1: On Opt. 1 and Opt.4, there are both several supporters and pros. Opt .2 has one supporter and Opt.3 has no supporter.

Observation 2: If option(s) to be supported is not clear (and not captured in any spec.), it would be difficult to (1) discuss necessary signalling and (2) achieve inter-vendor operation.
Proposal 1: Firstly, RAN3 to clarify which option(s) to be supported and capture it in the specification (stage 2?)

Observation 3: Current specification has some “recommendation” for e.g. inter-vendor operation pov or performance pov.

Proposal 2: Once option(s) are selected, RAN3 to discuss the necessity of “possible recommendation”
Observation 4: On current WA, it is not clear that “up to implementation” is applicable only for which option to be used if multiple options are defined in 3GPP.

Proposal 3: RAN3 to rephrase current WA as “If multiple data forwarding options are defined in 3GPP, which option to be used is up to implementation”
Observation 5: Opt 1 has clear pros (i.e. minimizing interruption time) and clear cons (i.e. more resource consumption, require mechanism to update the target node buffer)
Observation 6: Opt 2 has less pros than opt. 1(i.e. more interruption time) and some cons (i.e. UE impact and necessity of backup plan)
Observation 7: Opt 3 has only some cons (i.e. require meaningless complexity on implementation)
Observation 8: Opt 4 has less pros than opt. 1(i.e. more interruption time) and some cons (i.e. NW impact)
Proposal 4: RAN3 to define both Opt.1 (i.e. early data forwarding) and Opt.4 (late data forwarding on NW HO complete indication)
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