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1 Introduction

The bearer types issue have been discussed in RAN2 and the support of MCG bearer, MCG split bearer and SCG bearer have been confirmed in RAN2#96. However, the support of SCG split bearer is still FFS. The intention of this contribution is to give some further analysis on the SCG split bearer.
2 Consideration on the SCG Split bearer
Requirement on the additional MeNB processing capacity for SCG path
In the normal case, the PDCP processing capability of LTE eNB can be configured based on the expected traffic density within the coverage of LTE eNB. In the LTE/NR tight interworking with LTE as Master, since the coverage of LTE MeNB is quite large (e.g. macro cell), and within the coverage of LTE macro cell, there may be tens or even hundreds of NR cells. In order to use the MCG split bearer, the PDCP of all the MCG split bearers will be located in LTE MeNB, which means the PDCP processing capability on MeNB should satisfy the data transmission of all the NR cells within the coverage of MeNB. For example, the overall requirement on PDCP processing capability of MeNB will be: 

PDCP processing capability of LTE MeNB = The area of the coverage of LTE MeNB * expected LTE traffic density + The area of the coverage of all the NR cells within the coverage of LTE MeNB * expected NR traffic density. 
Notes: The formula given above is just an example, and the processing capability can also be calculated based on the expected maximum throughput or some other factors.

Considering the traffic density of NR will be Tbps/ km2 level, converge all the PDCP processing capability of NR cells within the coverage of LTE MeNB to LTE MeNB will be a significant challenge on the LTE equipment. 
Observation 1: In order to use the MCG split bearer, the MeNB need to have the PDCP processing capability which can satisfy the data transmission of all the NR cells within the coverage of MeNB. And converge all the PDCP processing capability of NR cells within the coverage of LTE MeNB to the LTE MeNB will be a significant challenge on the LTE equipment.
In addition, even the LTE equipment can be upgraded to support the huge PDCP processing capability, considering the support of SCG bearer and standalone mode, the NR gNB still need to have the PDCP processing capability which can satisfy the data transmission expected in the gNB (e.g. the area of the NR cells * expected NR traffic density). So, considering the PDCP processing capability in LTE eNB side and in NR gNB side, the overall PDCP processing capability in NW side will be double.

Observation 2: Even with the huge PDCP processing capability in LTE side, considering the support of SCG bearer and standalone mode, the NR gNB still need to have the PDCP processing capability which can satisfy the data transmission expected in the gNB. With the PDCP processing capability in both the LTE MeNB and NR SgNB, the overall PDCP processing capability for NR cells in NW side will be double.
Based on the analysis given above, it can be observed that deploy the MCG split bearer may lead to significant challenge on the LTE equipment and double the overall PDCP capability requirement for NR cells on the NW side. In order to support the split bearer and avoid the negative impact caused by the MCG split bearer, the SCG split bearer is proposed. With the SCG split bearer, the PDCP processing capability for NR cells can be kept in NR gNB.  In addition, the PDCP processing capability in NR gNB side can still be configured based on the expected traffic density within the NR gNB coverage.
Observation 3: Compared to the MCG split bearer, the support of SCG split bearer can save the significant additional PDCP processing capability requirement on LTE side and save the overall PDCP processing capability requirement in the NW side. 
Requirement on transport capacity for S1-U/NG-U interface and the related data processing capability in CN
Similar as the analysis in PDCP processing capability requirement, if the MCG split bearer is used, all the data transmission will be converged to the LTE side. Thus, the transport capacity for the S1-U/NG-U and the related data processing capability in CN (e.g. S-GW) has to satisfy the data transmission in both the LTE cells and all the NR cells within the coverage of LTE MeNB. For example, the overall requirement on the transport capacity for S1-U on LTE MeNB side will be:
Transport capacity for S1-U on LTE MeNB = The area of the coverage of LTE MeNB * expected LTE traffic density + The area of the coverage of all the NR cells within the coverage of LTE MeNB * expected NR traffic density. 

Notes: The formula given above is just an example, and the transport capacity can also be calculated based on the expected maximum throughput or some other factors.

Considering the traffic density of NR will be Tbps/ km2 level, the MCG Split bearer will cause a considerable challenge on the transport capacity for S1-U on MeNB. Moreover, similar as the analysis given in the PDCP processing capability, even the transport capacity in S1-U on MeNB is upgraded, considering the SCG bearer, the S1-U between NR gNB and EPC also need to support the data transmission within NR gNB. With the analysis above, we give our observation as:
Observation 4: In order to enable the MCG split bearer, the transport capacity for S1-U and the related data processing capability in CN (e.g. S-GW) has to be upgraded to support the data transmission in both the LTE cells and all the NR cells within the coverage of LTE MeNB. Since the S1-U between NR gNB and EPC is still needed for the SCG bearer, the overall transport capacity requirement for data transmission in NR cells will be double.
Compared to MCG split bearer, support of SCG split bearer can save the transport capacity requirement for NR cells on the LTE MeNB side. Considering the transport capacity on S1-U between NR gNB and EPC can be calculated based on the expected traffic density, support of SCG split bearer will not cause any addition requirement on the transport capacity on S1-U between NR gNB and EPC.
Observation 5: Compared to the MCG split bearer, the support of SCG split bearer can save the requirement on transport capacity and the related data processing capability in CN (e.g. S-GW) for NR cells on the LTE MeNB side. 

U-plane latency
The U-plane latency in SCG split bearer depends how to use the SCG split bearer. In LTE Dual connectivity, the intention of MCG split bearer is to offload data to SeNB small cell as much as possible. Similar as DC, the SgNB in LTE/NR tight interworking can also be considered as some kind of node for the data offloading, and the data is expected to be transmitted in SgNB as much as possible. Considering the frequency band supported by NR gNB will be much wider than LTE, the throughput provided in SgNB may be much higher than LTE side. Even the LTE can be allocated with similar frequency bandwidth, since the LTE MeNB will be connected to lots of NR gNBs, for each NR gNB, the throughput provided by LTE MeNB will still be quite limited. So, we think, in most cases, it is not realistic to assume the LTE MeNB can always provide similar throughput as NR gNB consciously. However, as a more stable branch, we think the LTE MeNB can be as some kind of backup in the data transmission in the SCG split bearer, and once some problem is detected on the SgNB side, the data transmission can be switched back to MeNB side dynamically without any RRC procedure (e.g. compared to SCG bearer, the frequently bearer type change procedure can be saved). Based on the above analysis, we propose to take the following usage for SCG split bearer into account in the evaluation of SCG split bearer in the LTE/NR tight interworking with LTE as master:

Observation 6: The following usage for SCG split bearer should be taken into account in the evaluation of U-plane latency of SCG split bearer in the LTE/NR tight interworking with LTE as master:

Usage: The LTE MeNB leg of SCG split bearer is used as some kind of backup in the data transmission. In the normal case, all the data is transmitted through the NR gNB side. Whenever some problem (e.g. blockage, which may last tens of seconds) is detected in the NR gNB side, the data transmission can be switched to the LTE MeNB side dynamically without any RRC procedure. And the transmission can be switched back to NR gNB side once the data transmission in NR gNB is recovered.
Based on the observation 6, if the LTE leg is only used as some kind of backup, in most cases, the u-plane latency will equal to the u-plane latency of SCG bearer, and will be much less than the u-plane latency of MCG split bearer.
Observation 7: For the SCG split bearer, if the LTE leg is only used as some kind of backup, in most cases, the u-plane latency will equal to the u-plane latency of SCG bearer, and will be much less than the u-plane latency in MCG split bearer.

Signalling load to CN due to mobility in/out of SeNB coverage
It depends on the coverage of NR SgNB. In LTE dual-connectivity, since the original intention is to make use of the small cell more efficiently, it can be assumed that the SeNB is the eNB of small cell and the coverage of SeNB is quite small. However, in LTE/NR tight interworking, considering the CU/DU architecture of NR gNB, the NR gNB CU may control tens or even hundred of DUs and the coverage of NR gNB can be quite large. So, in the LTE/NR tight interworking, we cannot assume the coverage of NR gNB is smaller than the LTE MeNB. On the contrary, in case the NR gNB consists of lots of DUs, it is very much likely the coverage of NR gNB will be much larger than LTE eNB, even in case the LTE eNB is MeNB. With this analysis, we give our observation as:

Observation 8: Considering the CU/DU split architecture, the coverage of NR gNB (i.e. coverage of CU) can be quite large. In case the NR gNB consists of lots of DUs, the coverage of NR gNB can be much larger than LTE eNB, even in case the LTE eNB is MeNB.
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Figure 1: Example of NR gNB which consist of lots of DUs
Based on the observation 8, if the coverage of NR gNB is larger than the coverage of LTE MeNB, the signalling load to CN due to mobility will be quite small. And the change of UP anchor for SCG bearer/SCG split bearer can be much less than the change of UP anchor for MCG bearer/MCG split bearer.
Observation 9: If the coverage of NR gNB is larger than the coverage of LTE MeNB, the signalling load to CN due to mobility will be quite small. And the change of UP anchor for SCG bearer/SCG split bearer can be much less than the change of UP anchor for MCG bearer/MCG 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 will be handled by the NR RRC in SgNB, it can be expected that, with the enhanced mobility in NR (e.g. mobility with 0ms interruption time), the intra-SgNB mobility with PDCP anchored in NR can be more smoothly with less interruption time than the mobility with PDCP anchored in LTE side.
Observation 10: With the enhanced mobility in NR (e.g. mobility with 0ms interruption time), the intra-SgNB mobility with PDCP anchored in NR can be more smoothly with less interruption time than the mobility with PDCP anchored in LTE side.  

Based on all the analysis and observations given above, we think clear benefit can be observed for the SCG split bearer, and we propose that the SCG split bearer should be supported in Rel-15.
Proposal 1: The SCG split bearer should be supported in Rel-15.

3 Conclusion

RAN2 is kindly asked to discuss and adopt the observations and proposals as follow:
Requirement on the additional MeNB processing capacity for SCG path
Observation 1: In order to use the MCG split bearer, the MeNB need to have the PDCP processing capability which can satisfy the data transmission of all the NR cells within the coverage of MeNB. And converge all the PDCP processing capability of NR cells within the coverage of LTE MeNB to the LTE MeNB will be a significant challenge on the LTE equipment.

Observation 2: Even with the huge PDCP processing capability in LTE side, considering the support of SCG bearer and standalone mode, the NR gNB still need to have the PDCP processing capability which can satisfy the data transmission expected in the gNB. With the PDCP processing capability in both the LTE MeNB and NR SgNB, the overall PDCP processing capability for NR cells in NW side will be double.

Observation 3: Compared to the MCG split bearer, the support of SCG split bearer can save the significant additional PDCP processing capability requirement on LTE side and save the overall PDCP processing capability requirement in the NW side. 

Requirement on transport capacity for S1-U/NG-U interface and the related data processing capability in CN
Observation 4: In order to enable the MCG split bearer, the transport capacity for S1-U and the related data processing capability in CN (e.g. S-GW) has to be upgraded to support the data transmission in both the LTE cells and all the NR cells within the coverage of LTE MeNB. Since the S1-U between NR gNB and EPC is still needed for the SCG bearer, the overall transport capacity requirement for data transmission in NR cells will be double.

Observation 5: Compared to the MCG split bearer, the support of SCG split bearer can save the requirement on transport capacity and the related data processing capability in CN (e.g. S-GW) for NR cells on the LTE MeNB side. 

U-plane latency
Observation 6: The following usage for SCG split bearer should be taken into account in the evaluation of U-plane latency of SCG split bearer in the LTE/NR tight interworking with LTE as master:

Usage: The LTE MeNB leg of SCG split bearer is used as some kind of backup in the data transmission. In the normal case, all the data is transmitted through the NR gNB side. Whenever some problem (e.g. blockage, which may last tens of seconds) is detected in the NR gNB side, the data transmission can be switched to the LTE MeNB side dynamically without any RRC procedure. And the transmission can be switched back to NR gNB side once the data transmission in NR gNB is recovered.
Observation 7: For the SCG split bearer, if the LTE leg is only used as some kind of backup, in most cases, the u-plane latency will equal to the u-plane latency of SCG bearer, and will be much less than the u-plane latency in MCG split bearer.

Signalling load to CN due to mobility in/out of SeNB coverage
Observation 8: Considering the CU/DU split architecture, the coverage of NR gNB (i.e. coverage of CU) can be quite large. In case the NR gNB consists of lots of DUs, the coverage of NR gNB can be much larger than LTE eNB, even in case the LTE eNB is MeNB.

Observation 9: If the coverage of NR gNB is larger than the coverage of LTE MeNB, the signalling load to CN due to mobility will be quite small. And the change of UP anchor for SCG bearer/SCG split bearer can be much less than the change of UP anchor for MCG bearer/MCG split bearer.

Interruption upon UE mobility
Observation 10: With the enhanced mobility in NR (e.g. mobility with 0ms interruption time), the intra-SgNB mobility with PDCP anchored in NR can be more smoothly with less interruption time than the mobility with PDCP anchored in LTE side.  

Based on all the analysis and observations given above, we think clear benefit can be observed for the SCG split bearer, and we propose that the SCG split bearer should be supported in Rel-15.

Proposal 1: The SCG split bearer should be supported in Rel-15.
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