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1	Introduction
In RAN2 #97bis, the following agreements were made regarding Split SRB:

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.

In the case of split bearer, it is reasonable to realize downlink path switching depending on network implementation since network could grant resource by itself based on the downlink traffic arriving and radio conditions. However, for the uplink transmission, it will be difficult for the UE to determine the path switching by itself due to that the resource for uplink transmission is granted by network. In this contribution, we share some views on the uplink path switching for split bearer. 
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In the split bearer of LTE DC, a UE is served by MCG and SCG simultaneously. For uplink transmission, a threshold-based solution is applied in legacy LTE system, where the buffer status is reported to only one link when the data buffered in PDCP is below a threshold, and the buffer status is reported to both links when the data buffered is above the threshold. Hence only a default path would be selected for uplink data transmission when the data buffered in PDCP is below the threshold. Otherwise, both paths would be used in uplink data transmission.  

Observation 1: In LTE DC, the default path is configured in RRC signaling, and whenever the buffer is below the pre-configured threshold, only the default path will be used in the data transmission.

The data rate of a split bearer is the sum of data rate in both MCG path and SCG path. Although such a split bearer could provide higher data throughput for a single UE, the delay difference between the two paths would cause a larger reordering delay in PDCP due to that the packet delivered in the fast path may have to wait for the packet delivered in the slow path. This finally results in larger service latency in the upper layer. Also in split bearer, UE transmission power is shared by both paths due to the simultaneous transmissions. Therefore, due to the lack of transmission power, some negative impact may be caused on spectrum efficiency (especially in case of beam forming). And if the simultaneously data transmission over both MCG and SCG can be avoided, all the UE transmission power could be used in one path and the overall spectrum efficiency would be improved. 

Observation 2： Considering the reordering delay and the uplink power sharing, transmission data in both MCG and SCG leg simultaneously may lead to negative impact on both the performance (e.g. latency) and spectrum efficiency. 

In high-frequency NR system, “mmWave frequencies present a unique challenge for operating NR networks. The mmWave channel experienced by a UE may suffer from blockage events that could result in sudden sharp drops in signal strength (of the order of 30 dB) due to physical objects blocking” [1]. According to [1], the mean blockage duration is 600 ms with a mean interval of 2.4 seconds between them. To overcome the frequent and long blockage in high frequency band, fast switch between MCG and SCG is required in NR. 

Observation 3: To overcome the frequent and long blockage in high frequency band, fast switch between MCG and SCG is required in NR.

[bookmark: _GoBack]In legacy LTE, fast switch between MCG path and SCG path could only rely on the RRC procedure, which may lead to considerable delay, data transmission interruption, and extra signaling overhead in both air interface and X2/Xn interface. In order to suppress the negative impact mentioned above, dynamically path switch without RRC signaling should be supported in both LTE/NR interworking and intra-NR dual connectivity. 

Observation 4: In LTE, the switch between MCG path and SCG path could only rely on the RRC procedure, which may lead to considerable delay, data transmission interruption, and extra signaling overhead in both air interface and X2/Xn interface. 

Proposal 1: Dynamically path switch without RRC signaling should be supported in both LTE/NR interworking and intra-NR dual connectivity. 

When a split bearer is established, the two paths of that split bearer should have already been set up. Split bearer with path switching should be able to choose one of the paths and transmit data through it. Which path to choose can be determined based on the radio condition and the traffic loads of both paths. Considering some of the information is only available at network side, it is up to network to control the path switching and sent the path switch command to UE. 

Observation 5: Path switch should be determined based on the radio condition and the load situation of both MCG path and SCG path, and the decision of path switch should be determined by NW side. 

Proposal 2: The decision of path switch should be determined by NW side. 

In uplink data transmission, once a path switching is determined by network, UE should be notified immediately by a path switch command such that it could switch its route correspondingly for the following data traffic. Such a command could be carried in a RRC signaling, PDCP control PDU, or MAC CE. In RAN2 #98 meeting, these notification methods have been discussed and compared carefully for the activation/deactivation notification of duplication bearer, and it has been agreed that “MAC CE approach will be used for control of UL duplication”. For the similar consideration, the MAC CE should be reused to carry the path switch command as well, which helps to form a unified solution switch the working mode among split operation/ duplication operation/ switched operation for a split bearer.
Observation 6: Using MAC CE to carry the path switch command is helpful to have a unified solution to switch the working mode for split bearer among the split operation, duplication operation and switched operation.

Proposal 3: MAC CE should be used to carry the path switch command.

In RAN2 #96 meeting, it has been agreed that “RLC reassembles RLC SDU and delivers them to upper layers in the order they are received” in NR and “PDCP supports the re-ordering functionality”.  Therefore, a PDCP status report should be initiated to report UE's receiving status at PDCP layer whenever a path switch is triggered. The PDCP entity on the network side could then be able to distinguish the PDCP PDUs who need to be re-transmitted and deliver them again to the switched path. In the deactivated path, RLC entity should be reset and the data buffered in it should be discarded, such that new packet transmission could be started quickly without being affected by the old data when the traffic is switched back and the path become active again in the future.  

Proposal 4：Whenever a path switch is triggered, a PDCP status report should be initiated and the RLC of the deactivated path should be reset. 

3	Conclusion
In this contribution, some views on the uplink path switching for split bearer are shared with the following observations and proposals:
Observation 1: In LTE DC, the default path is configured in RRC signaling, and whenever the buffer is below the pre-configured threshold, only the default path will be used in the data transmission.
Observation 2： Considering the reordering delay and the uplink power sharing, transmission data in both MCG and SCG leg simultaneously may lead to negative impact on both the performance (e.g. latency) and spectrum efficiency. 
Observation 3: To overcome the frequent and long blockage in high frequency band, fast switch between MCG and SCG is required in NR.
Observation 4: In LTE, the switch between MCG path and SCG path could only rely on the RRC procedure, which may lead to considerable delay, data transmission interruption, and extra signaling overhead in both air interface and X2/Xn interface. 
Proposal 1: Dynamically path switch without RRC signaling should be supported in both LTE/NR interworking and intra-NR dual connectivity. 

Observation 5: Path switch should be determined based on the radio condition and the load situation of both MCG path and SCG path, and the decision of path switch should be determined by NW side. 
Proposal 2: The decision of path switch should be determined by NW side. 

Observation 6: Using MAC CE to carry the path switch command is helpful to have a unified solution to switch the working mode for split bearer among the split operation, duplication operation and switched operation.
Proposal 3: MAC CE should be used to carry the path switch command.
Proposal 4：Whenever a path switch is triggered, a PDCP status report should be initiated and the RLC of the deactivated path should be reset. 
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