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Discussion and Decision
1      Introduction
In RAN2#97bis meeting, split SRB for LTE-NR interworking was discussed, and following was agreed. 
Agreements

1 Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.

Agreements

1: Split SRB is supported for both SRB1 and SRB2. (Split SRB is not supported for SRB0)

2: Split SRB should be decided and configured by MN in SeNB addition and/or Modification procedure, with SN configuration part provided by SN. (RAN3 can discuss whether there are cases where the SN may need to reject the split SRB configuration)

3:
For MCG split SRB, in downlink, selection of transmission path depends on network implementation.

One open issue is how split SRB is operated in uplink. Offline discussion #24 was held in the meeting to discuss the issue and it was proposed to wait for the outcome of email discussion [97bis#13][NR] Control of UL PDCP duplication.
In this contribution, we discuss whether split SRB for LTE-NR interworking should be supported in the uplink.
2      Discussion
The motivation of split SRB is to increase the reliability of RRC signalling. Although split SRB can be configured for downlink, there is additional issues to be considered for its usage in uplink.

In a typical LTE-NR interworking scenario, split SRB will only be useful when there is link problem in LTE MN. The reason is that both SRB1 and SRB2 use RLC AM, which can handle error cases if the radio link quality is sufficient (e.g. when RLF does not happen). At the cell edge of the LTE MN, the radio link quality might degrade to the extent that RLC AM might not be able to correct the error, while duplicated transmission to NR SN “might" help. In this scenario, typically the UE already reaches its uplink Tx power limitation in LTE MN therefore it cannot further improve the receive SINR at LTE MN by increasing its transmission power. However the question now is whether duplicated transmission to the NR SN can really help in this situation?
Before further discussion, one fundamental question is that whether LTE and NR can share the transmission power, or there is separate transmission power limitation? In RAN4 reply LS [1], following is indicated related to this question:
	Q5: Is there uplink transmission power sharing between the below 6 GHz and above 6 GHz bands or are the uplink power amplifiers exclusive to below 6 GHz and above 6 GHz bands?

A5: In some NSA scenarios, e.g. when both LTE and NR are in below 6 GHz, uplink transmission power sharing should be considered to meet SAR requirement in a same principle as UL CA/DC, but RAN4 is not sure whether power sharing between different RATs is feasible from RAN1/2 and implementation point of view and can't exclude other methods. One possible way is to simply define independent maximum power for LTE and NR and compliance with the SAR is left to implementation. However, this could require SAR back-off which cannot be controlled by the NW. Therefore, RAN4 would like to ask RAN1 and RAN2 to study the feasibility of the power sharing mechanism as soon as possible.


From RAN4 reply it seems that power sharing between LTE and NR is needed but RAN4 is also asking RAN1 and RAN2 to further study the feasibility. So far there is no further progress in this aspect, but such Tx power sharing should not be excluded at this stage.
When the Tx power sharing is considered, the duplicated transmission to both LTE and NR can actually make the performance even worse. The reason is that when UE is already reaching the Tx power limitation to LTE MN, it is highly likely that the total required power to both LTE MN and NR SN exceeds the overall Tx power limitation (e.g. 23 dBm), therefore power scaling is needed in both CGs. Due to the reduced Tx power to each CG, the performance to each CG is reduced. The overall performance of duplication is thus impacted and can be worse compared with concentrating Tx power to one CG only.
Observation 1: In the typical scenario for UL split SRB, the RRC signalling performance might degrade due to Tx power sharing.
Note that above discussion is applicable for SRB, but not for URLLC services. Packet duplication for URLLC can be useful if UE is not at the cell edge of the LTE MN, where one link cannot provide the target low error rate and low latency.
Another issue of UL split SRB is regarding how to handle the duplicated packet in the UE Tx buffer. For LTE-NR interworking with non-ideal backhaul, LTE MN and NR SN schedule UE in a rather independent manner. It can be possible that the UE is scheduled in one link for some time while it is scheduled in the other link during the same time. It is not clear whether such duplicated packets should be always kept until successfully transmitted, or should be discarded according to certain conditions. It should be also noted that duplicated packets in this case also delay the transmission of user plane data.
Observation 2: There are complexities associated with UL split SRB e.g. how to handle the duplicated packets in the UE Tx buffer.
Given above discussion, there are some complexities associated with UL split SRB while the gain is questionable. If the RRC signalling performance of LTE MN is really an issue, the most straightforward way is to improve the RRC signalling performance to LTE MN. It should be noted that during RAN2 study of HetNet mobility, the HOF rate of macro only network is considered negligible. Even for HetNet scenario where performance is an issue, one of the main reasons of handover failure is the failed reception of HO_CMD, whose reliability can be already improved by DL split SRB (in Annex A, we provide more details on how to interpret HetNet simulation results). Split SRB might not help in HO state 3 (a terminology used in TR 36.839 [2], with state 3 means that UE synchronizes to target cell after successfully receives HO_CMD) since UE should finish the RACH procedure to target cell to guarantee that there is reasonably good radio link quality to target cell. Finally, if there is a real issue with LTE HO performance, it should be improved in LTE itself such that it is useful for LTE only connection scenarios rather than benefits only LTE-NR DC connected UEs. In summary, there is little justification to support UL split SRB.
Proposal 1: UL split SRB is not supported in LTE-NR interworking, i.e. when split SRB is configured in DL, uplink mapping of PDCP PDUs on the split SRB is always configured to one CG only.
3      Conclusion
In this contribution, we discuss whether split SRB for LTE-NR interworking should be supported in the uplink. We have the following observations:
Observation 1: In the typical scenario for UL split SRB, the RRC signalling performance might degrade due to Tx power sharing.
Observation 2: There are complexities associated with UL split SRB e.g. how to handle the duplicated packets in the UE Tx buffer.
We propose the following:
Proposal 1: UL split SRB is not supported in LTE-NR interworking, i.e. when split SRB is configured in DL, uplink mapping of PDCP PDUs on the split SRB is always configured to one CG only.
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Annex A 
Main reason of HOF from HetNet study

In TR 36.839 [2], for large area calibration, RLF results are shown below. It can be seen that the main reason of RLF is State 2_HOF, which is caused by the failed reception of HO_CMD. This is applicable for both macro/macro and HetNet scenarios.
Table 5.5.2.1.1: RLF performance for HetNet and legacy systems from calibration

	
	State 1
	State 2_Normal
	State 2_HOF
	Overall

	Average for HetNet
	0.000018
	0.000001
	0.003460
	0.003477

	Average for macro/macro only
	0.000013 
	0.000000 
	0.001223 
	0.001236 


HOF results from TR 36.839 [2] are shown below. It can be seen that for macro-macro scenario, the number of HOFs in state 2 and state 3 are 0.001772 and 0.000539 respectively. This means 76.8% HOFs are due to HOF in state 2. Since HOF in state 2 is same as RLF in state 2 from the modelling, we can conclude that the main reason for HOF is due to the failed reception of HO_CMD. Note that the conclusion is applicable for HetNet scenario as well.
Table 5.5.2.2.1: Average Handover performance for HetNet and legacy systems from calibration

	
	
	Handover performance in HetNets
	legacy macro only system

	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall
	macro-macro

	2
	HOFs/UE/s
	0.000443
	0.001544
	0.001779
	0.000009
	0.003823
	0.001772

	
	HO failure rate [%]
	3.718587
	8.084919
	2.681814
	2.489887
	3.747914
	2.048109

	3
	HOFs/UE/s
	0.000298
	0.000110
	0.000769
	0.000012
	0.000987
	0.000539

	
	HO failure rate [%]
	0.971877
	1.205913
	0.780786
	1.406523
	0.808520
	0.507133

	Total
	Successful HOs/UE/s
	0.013475
	0.012736
	0.072154
	0.000237
	0.098603
	0.087906

	
	HOFs/UE/s
	0.000735
	0.001622
	0.002413
	0.000021
	0.004617
	0.002234

	
	HO failure rate [%]
	4.675501
	10.453351
	3.461802
	4.076629
	4.629233
	2.446505
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