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1. Introduction
So far the topic for “SCG Split Bearer” or “Split Bearer over SCG” has been discussed extensively, and it has been 
captured in section 10.1.2.4 [1] that:

“SCG split bearer described in this section needs to be further justified” and 
“The following evaluation matrix can be considered for the analysis of this bearer type:

-
Signalling between Master node and Secondary node
NOTE 1:
Further criteria may be also considered.”
In this contribution, we shall continue discussing such new bearer type and propose to populate relevant sections.
2. Discussion
Per current status from [2], there is actually one useful table summarizing the Pros/Cons of different bearer types:
SCG split bearer has following Pros and Cons that:

Pros:  
-Better utilization of MN/SN radio resources per DRB level; (MN: Master Node; SN: Secondary Node)
-Dynamic Offload;

-Less service interruption;
Cons: 
-Additional PDCP processing capacity requirement;
-More reordering-buffering requirement;
-More signalling load to CN;

-More stringent requirement for backhaul;

-Additional U-plane latency;
From above comparisons, it can be seen that SCG split bearer brings various performance gains but at the cost of potentially more HW resources, e.g. backhaul TNL and buffers etc; hence it is out of question whether SCG split bearer is feasible or beneficial, but in question whether operators have strong use cases and acceptance for SCG split bearer in practical deployment. Meanwhile, the above listed Cons are not necessarily true, as some of them can be minimized or avoided up to deployment, so we shall make more detailed analysis in those regards below.
Table D-1:
Comparison results on the bearer types for LTE-NR Dual Connectivity

	Bearer types
	SCG bearer (1A)
	Split bearer via MCG (3C)
	Split bearer via SCG

	Utilisation of radio resources across MN and SN
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MN and SN (
	Possible for the same bearer 
	Possible for the same bearer 

	Dynamic offload
	Need to involve MME, very  static (
	Controlled by MN, can be dynamic as long SCG is setup 
	Controlled by SN, can be dynamic as long MCG is setup 

	Additional NW processing capacity requirement
	No additional processing capacity requirement 
	Additional PDCP processing capacity requirement in MN to process SCG leg 
	Additional PDCP processing capacity requirement in SN to process MCG leg 

	Buffering requirements
	Full termination of CN bearer at SN offloads PDCP buffering from MN 
	Bearer splitting implies increased reordering-buffering requirement, at UE and MN  (NOTE)
	Bearer splitting implies increased reordering-buffering requirement, at UE and SN  (NOTE)

	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.
	The gain is higher than 1A if only one bearer exists; The exact gain depends on the available throughput in MCG and SCG.

	Interruption upon UE mobility
	Interruption visible due to MN unable to support SN bearer 
	Interruption limited thanks to the ability of the MN to transmit data for the split bearers 
	For UE moving from SN coverage to the area without the coverage of any SN scenario, interruption limited thanks to the ability of the MN to transmit data for the split bearers (e.g., by NW implementation), but for UP termination point change from SN to MN scenario, interruption visible 

	Signalling load to CN due to mobility in/out of SN coverage
	Not hidden to CN 
	Hidden to CN 
	Not hidden to CN 

	MN – SN backhaul requirements
	No additional throughput requirement on backhaul of MN 
	The Xx/Xn interface has to offer the latency of 5-30 ms and sufficient capacity. 
Increased throughput requirement on backhaul compared to 1A: backhaul needs to cope with NR bitrates 
	The Xx/Xn interface has to offer the latency of 5-30 ms and sufficient capacity. 
Increased throughput requirement on backhaul compared to 1A: backhaul needs to cope with LTE bitrates 

	U-plane latency
	No additional U-plane latency 
	Additional U-plane latency for SCG path in case MN and SN are non-co-located 
	Additional U-plane latency for MCG path in case MN and SN are non-co-located 

	Use case
	When ANY of the following holds:

- Limited backhaul provisioning

- NR bit rate is much higher than LTE bit rate

- UE has limited buffering capabilities

- MN and SN have limited buffering capabilities
	When ALL of the following hold:

- Ample backhaul provisioning

- NR bit rate is comparable to LTE bit rate

- MN has sufficient processing power

- MN and UE have sufficient buffering capabilities
	When ALL of the following hold:

- Ample backhaul provisioning

- NR bit rate is comparable to LTE bit rate

- MN does not have sufficient processing power

- SN and UE have sufficient buffering capabilities


Requirement on the additional MeNB processing capacity for SCG path
Taking the deployment Option 3/3a for example, the macro MeNB can typically connect to tens or even hundreds of NR SgNBs for Tight Interworking, serving different UEs at the same time. If MCG split bearer is adopted (Assuming backhaul conditions allow), then the PDCP entities of all MCG split bearers will be located in single MeNB, which means the PDCP processing capacity in MeNB should satisfy the data transmission of all NR cells within the coverage of MeNB. Since the traffic density of NR will be Tbps/ km2 level, the PDCP processing capacity requirement will be a significant challenge for MeNB.
Observation 1: In some deployment scenarios, the PDCP processing capacity requirement can be a big challenge for MeNB, and it should be balanced in NR domain.
For NR standalone mode or gNB acting as Master Node in Tight Interworking, the gNB itself needs anyway huge amount of PDCP processing capacity to satisfy the data transmission of all NR cells. It means that there can be anyway more PDCP processing resources available for use in NR domain.
Observation 2: In some deployment scenarios, there can be anyway more PDCP processing resources available for use in NR domain.
Observation 3: SCG split bearer helps to maintain the advantages from MCG split bearer, but also saves the overall PDCP processing resources on NW side.
Requirement on transport capacity for S1-U/NG-U interface and the related data processing capacity in CN

Similar analysis can be done towards impacts on CN, with MCG split bearer, the aggregated data transmission between all NR cells and LTE cells is concentrated on S1-U/NG-U on Master side, which imposes significant challenge in terms of S1-U/NG-U/CN bandwidth&capacity. Such extreme concentration on Master side incurs imbalance on NW side.
Observation 4: In some deployment scenarios, the S1-U/NG-U/CN capacity requirement can be a big challenge for NW. SCG split bearer helps to balance the overall S1-U/NG-U/CN capacity across NW.
U-plane latency
Since gNB is supposed to provide more advanced capability for data transmission due to e.g. wider bandwidth and more efficient technique, so it is quite typical that most data is offloaded towards SgNB side (can be 100%!), while MeNB plays kind of “backup role” once the SCG link is broken. When the SCG link is recovered, then all data transmission can be dynamically switched back towards SgNB side. During above switching process, the RRC procedures for DRB type change and service interruption can be avoided, so U-plane latency can be minimized. In normal cases, gNB can also provide smaller U-plane latency than eNB for data transmission.
Observation 5: With data transmission dynamic switching rather than split-re-ordering for SCG split bearer, the U-plane latency can be minimized and smaller than MCG (split) bearer case.
Signalling load to CN due to mobility in/out of SeNB coverage
In LTE DC, since the original intention is to make use of small cells more efficiently, it can be assumed that the SeNB is normally small cell so the coverage of SeNB is small. However, in LTE/NR tight interworking, considering the macro gNB case or CU/DU architecture of gNB, e.g. the gNB CU may control tens or even hundreds of DUs so the coverage of gNB can be quite large. It is a matter of NW deployment; we cannot always assume that SgNB’s coverage is smaller than MeNB, then it makes no much difference in terms of the signaling impacts on CN between MCG (split) bearer and SCG (split) bearer.
Observation 6: If the SgNB’s coverage is comparable to MeNB’s, it makes no much difference in terms of the signaling impacts on CN between MCG (split) bearer and SCG (split) bearer.
Interruption upon UE mobility
It has been agreed in RAN2#96 that the mobility without PDCP reestablishment will be supported in NR. Considering the intra-NR mobility may be handled by SgNB autonomously, it can be expected that, with the enhanced mobility aiming for NR (e.g. 0ms interruption time), the intra-SgNB mobility with PDCP anchored in NR can be more smooth with less interruption time than the case with PDCP anchored on LTE side.
Observation 7: PDCP anchored on NR side may bring less interruption time during mobility.
With above analysis, we do see clear performance benefits, strong use cases and NW flexibility with SCG split bearer. The Cons from SCG split bearer can be minimized or avoided up to deployment, and can be accepted by some operators. With MCG split bearer being specified before, we do not see great difficulty at specifying SCG split bearer in Rel-15.
Proposal 1: The SCG split bearer should be supported in NR Rel-15.

Proposal 2: To adopt following TP for SCG split bearer in TR38.801.

3. Conclusion
-----------------------------------------------Start of text proposal-------------------------------------------
· 10.1.2.4
SCG split bearer

Editor’s note: SCG split bearer described in this section needs to be further justified and foresees to split the bearer in the gNB while the LTE eNB would still act as master node and terminate S1-MME. 
In this bearer type, S1-MME is still terminated at LTE eNB as described in Figure 10.1.2.2-2. Radio Protocol Architecture for the User Plane can be defined in Figure 10.1.2.4-1 for SCG split bearer. 

Editor’s note: The below figure is an example. NR PDCP, NR RLC and NR MAC are pending to RAN2.
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Figure 10.1.2.4-1: Radio Protocol Architecture for SCG split bearer in Option 3a

· 10.1.2.4.1
Evaluation on SCG split bearer
The following evaluation matrix can be considered for the analysis of this bearer type:

-
Signalling between Master node and Secondary node
NOTE 1:
Further criteria may be also considered.
· 10.1.2.4.2
Justification with SCG split bearer
Similar to MCG split bearer, SCG split bearer can provide better utilization of Master Node/Secondary Node radio resources per DRB via dynamic data offloading. 
Benefits and justification:
- In some deployment scenarios, the PDCP processing capacity requirement can be a big challenge for MeNB, and it should be balanced in NR domain and there can be anyway more PDCP processing resources available for use in NR domain. SCG split bearer helps to maintain the advantages from MCG split bearer, but also saves the overall PDCP processing resources on NW side.
- SCG split bearer helps to balance the overall S1-U/NG-U/CN capacity across NW.

- With data transmission dynamic switching rather than split-re-ordering for SCG split bearer, the U-plane latency can be minimized and smaller than MCG (split) bearer case.
- PDCP anchored on NR side may bring less interruption time during mobility, especially for intra-NR mobility.
   --------------------------------------------End of text proposal---------------------------------------------
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