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1   Introduction
It has been agreed in RAN2#94 to study both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR multi-RAT. Furthermore, in RAN2#95, RAN2 agreed to study SCG split bearer. 

In this contribution, we compare user plan architectures 3C/1A and SCG split bearer and give our opinions.
2   Discussion

It has been thoroughly discussed about the benefits/drawbacks of 3C and 1A in Rel-12, and the comparison results have been captured in the table 8.1.1.10-1 and Table 8.1.1.11-1 of [1]. In this paper, we use those results as baseline for further comparison between new SCG split bearer and DC 3C/1A solution. 
Analysis on SCG split bearer:
In [2] [3], the SCG split bearer was proposed. As listed in [4], the benefits of this SCG split bearer are:
· User throughput enhancements, mobility robustness and the similar level of backhaul requirement can be expected likewise the split bearer via MCG. 
· In addition, this bearer type is expected to offload the PDCP processing for U-plane data to a secondary node
Regarding CN load and user throughput gain, as mentioned in [4]:

· On the other hand, secondary node mobility is visible to CN and the throughput gain by utilising LTE radio resources on top of NR radio resources may or may not be considerable depending on the relative bit rate of NR.
In our understanding:
· In terms of interruption time: performance of SCG split bearer is similar to 1A instead of 3C.
The UP anchor for SCG split bearer is in SCG itself, and when SCG cannot work well, SCG change is needed. It is impossible to avoid the interruption time by the introduction of SCG split bearer. 
· To perform SCG change within the same SeNB, the SCG link cannot be used for a while due to the delay of Xx interface for the deployment scenarios of LTE-NR interworking with non-ideal backhaul. All data has to be transferred via MCG. If MCG PDCP processing capability is bottleneck, corresponding air interface of MCG will also be bottleneck, the user throughput has been impacted; 
· To perform SCG change between different SeNB. That’s mean, the SCG bearer should be transferred to MCG firstly, and then MeNB can reselect a new SeNB to perform LTE-NR DC.  In this case, SCG split bearer cannot avoid the interruption due to SeNB change, i.e. anchor needs to be changed and security needs to be changed. 

· In terms of CN signalling load: SCG split bearer is same as 1A instead of 3C;
· In terms of user throughput: The gain is limited for the scenario LTE MCG PDCP processing is bottleneck;

· Based on the discussion in RAN2#95, the main motivation to have this SCG split bearer is that NR throughput is really higher than LTE, and hence LTE MCG PDCP processing capacity is the bottleneck. If so, the throughput gain for SCG split bearer will be similar to 1A. 
· If the PDCP processing capacity of LTE and NR is comparable, the gain of SCG split bearer will be similar to 3C;
· In terms of complexity: additional complexity will be introduced if we introduce additional one new bearer type;
· From network side, introduction of SCG-split DRB will lead additional complexity, since SeNB needs to manage the SCG split bearer at the MeNB side, and corresponding flow control mechanism is needed; 
· From UE side, additional bearer type, bearer type management procedure have to be supported;
· SCG split bearer is only useful for the scenario which LTE as anchor. We should try to target the solutions which are applicable for common scenario considering the limited time in phase 1; 
In summary, we list the comparison result in the below table (the new things on SCG split bearer are highlighted in yellow also shown in [5].
	Alternative
	SCG bearer (1A)
	MCG split bearer (3C)
	SCG split bearer

	Overview
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	Performance
	
	
	

	SeNB Mobility
	Not hidden to CN (
Forwarding between SeNBs (
Interruption visible due to MeNB unable to support SeNB bearer (
	Hidden to CN (
No forwarding between SeNBs (
Interruption limited thanks to the ability of the MeNB to transmit data for the split bearers (
	Same as 1A
Worse than 3C

	Utilisation of radio resources across MeNB and SeNB
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MeNB and SeNB (
	Possible for the same bearer (
	Same as 3C

	Dynamic Offload
	Need to involve MME, very  static (
	Controlled by MeNB, can be dynamic as long SCells are setup (
	Same as 3C

	MeNB processing capacity requirement
	None (

	Additional processing capacity requirement in MeNB (
	Same as 1A
Better than 3C

	Buffering Requirements
	Full termination of CN bearer at SeNB offloads PDCP buffering from MeNB (
	Bearer splitting implies increased reordering-buffering requirement, at UE and MeNB (
	Same as 3C

	Per-user throughput enhancements
	The gain is  low if only one bearer exists; 

The gain depends on the data volume of MCG bearer and SCG bearer if two bearers exist,
	The gain is higher than 1A if only one bearer exists; The exact gain depends on the available throughput in MCG and SCG;
NOTE 1:


	Same as 3C
NOTE 1,2


	Interruption upon SCG change
	Interruption visible due to MeNB unable to support SeNB bearer (
	Interruption limited thanks to the ability of the MeNB to transmit data for the split bearers (
	Same as 1A
Worse than 3C

	Signalling load to CN
	Not hidden to CN (

	Hidden to CN (

	Same as 1A
Worse than 3C

	Backhaul requirements
	No additional throughput requirement on backhaul of MeNB (
	The Xn interface has to offer the latency of 5-30 ms and sufficient capacity. (
	Same as 3C

	Use case 
	all
	all
	Only in case the LTEPDCP processing capacity is bottleneck and available throughput in LTE and NR is compatible; Note 3


NOTE 1: the gain is negligible if the available throughput in NR is really higher than LTE; If available throughput in NR and LTE is comparable, the gain can be considered.
NOTE 2: the main motivation for this scenario is to offload the LTE PDCP processing capacity to NR. In this case the available throughput in NR should be really higher than LTE; 

NOTE 3: Additional complexity is foreseen to support new bearer type, and the applicable scenario is limited; 
Proposal: It is proposed RAN3 to consider the network signalling impacts and additional complexity of SCG split bearer. 
3   Conclusion
In this contribution, we analyze the SCG split bearer, and use analysis results from Rel-12 DC as baseline for further comparison between new SCG split bearer and DC 3C/1A solution.  We have following proposal:
Proposal: It is proposed RAN3 to consider the network signalling impacts and additional complexity of SCG split bearer. 
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