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1
Introduction
In RAN2#99 pre-processing for the UL split bearer operation has been discussed. It was in particular confirmed that a UE is allowed to pre-process data for an UL split bearer in NR, i.e. UE is allowed to submit PDCP data to lower layer before an UL grant is received. This contribution is discussing remaining details on the UL split bearer operation for NR.   
2
Discussion
Following agreements have been made at RAN2#98 meeting:

Agreements


The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)
Due to the tighter time constraints respectively larger TB size, the NR user plane protocol stack was simplified to enable pre-processing, and reduce the real-time processing requirements. This was done mainly by removing RLC concatenation as well as interleaving of MAC sub-headers. Pre-Processing allows the UE to submit PDCP data to lower for further RLC/MAC processing before UL grant(s) has been received.  
In RAN2#99 it has been agreed that also for the NR UL split bearer operation pre-processing is allowed, i.e. UE is allowed to submit PDCP PDUs to lower layer before a request (UL grant) has been received. Due to performance concerns on the performance when submitting too much data to a leg which cannot be scheduled, e.g. in bad radio cannel conditions, it was debated whether some limitation/restriction on the amount of pre-processing should be introduced. From our perspective it is desirable to specify a maximum amount of pre-processing, i.e. RLC PDUs pending for initial transmission, in order to ensure a consistent and testable UE implementation of UL split bearer, and to limit the performance degradation of UL split bearer operation for cases when one leg encounters some radio channel problems.
Proposal 1: The amount of pre-processed data should be limited, i.e. the amount of data of RLC PDUs pending for initial transmission should be limited.
Basically pre-processing shall ensure that UE upon having received an UL grant can immediately feed PHY with part of the MAC PDU in order to start the encoding, i.e. CB segment is encoded. UE shall only pre-process such, that the runtime processing requirements for the next uplink transmission is reduced. Basically UE should be prepared to send up to maximum UL grant/TB value in a transmission occasion/TTI. Therefore as a baseline the maximum amount of pre-processed data buffered at RLC could correspond to such maximum amount of data which may need to be transmitted in one transmission occasion. Given that the maximum TB sizes for NR might be very high and hardly being allocated to the logical channel of a split bearer, it could be further considered to decide the pre-processing limit based on some actual scheduling values, i.e. average of previous amount of data transmitted for a logical channel.
We think that the maximum amount of pre-processed data UE is allowed to buffer (at RLC) should be controlled by the network as it could be considered as part of the scheduling functionality. 
Proposal 2: Network configures the maximum amount of pre-processed data UE is allowed to buffer for a logical channel of a split bearer at lower layers, i.e. RLC. Pre-processing limit could be based on the maximum estimated UL grant size. 
In order to achieve the best performance for UL split bearer operation, UE should only do pre-processing up to the configured limits for both cell groups, i.e. route data up to the configured maximum to the corresponding RLC entities, and keep the remaining PDCP data in PDCP buffer and only route them to the RLC entities according to received UL grant(s). 

Routing of PDCP data for NR split bearer is same as in Rel-13 LTE threshold-based split bearer operation for cases when the amount of data becoming available for transmission is smaller than the PDCP split bearer threshold, i.e. IE similar to ul-DataSplitThreshold. In this case PDCP data is only routed to the prioritized CG as configured by higher layer, i.e. indicated by IE similar to ul-DataSplitDRB-ViaSCG. Also pre-processing is only allowed for the prioritized CG up to the configured limit.  For cases when the amount of data is larger than or equal to the threshold, pre-processing is enabled for both cell groups. First UE routes PDCP data to the RLC entity of the prioritized CG up to the configured limit for that CG, PDCP data above the first limit/threshold can be routed to the RLC entity of the other CG up to the corresponding configured limit. Any further PDCP data is routed to the RLC entities according to received UL grants. 
Proposal 3: gNB may configure for each NR cell group a thresholds/Pre-processing limits for an UL split bearer. 
Proposal 4: In case data available for transmission is below the configured split bearer threshold, i.e. IE similar to ul-DataSplitThreshold, PDCP data is only routed to the prioritized CG. Also pre-processing is only allowed for the prioritized CG up to the configured limit.

Proposal 5: When the amount of data is larger than or equal to the split bearer threshold, firstly UE may route PDCP data to the RLC entity of the prioritized CG up to the configured limit for that CG, PDCP data above the first limit/threshold can be routed to the RLC entity of the other CG up to the corresponding configured limit. Any further PDCP data is routed to the RLC entities according to received UL grants.
The two thresholds will ensure that there is enough pre-processed data for the two cell groups in order to perform the next uplink transmission. At the same it should be ensured that UE has not more pre-processed data (for both cell groups) as configured by the two thresholds. In order to keep in NR the same behaviour as for LTE when performing the data comparison against the configured threshold, the UE should not only count the data available in PDCP layer but also in addition the data which was submitted to lower layers (RLC) for pre-processing. As outlined in our companion contribution [1] RLC PDUs which are pending for initial transmission are the pre-processed RLC PDUs as specified in TS38.322 and should be considered for the data comparison against the threshold. 
Proposal 6: UE considers the amount of data buffered in PDCP and the amount of RLC PDUs pending for initial transmission for the comparison against the configured split threshold, e.g. ul-DataSplitThreshold.
The following example should illustrate the NR UL split bearer operation. The assumptions are: 

· ul-DataSplitDRB-ViaSCG is set to False, i.e. MCG is the prioritized CG;

· ul-DataSplitThreshold is set to 100Units

· Pre-processing limit for prioritized CG  (for RLCMCG) is set to 100Units

· Pre-processing limit for non-prioritized CG (for RLCSCG)is set to 50Units

	Data in PDCP 
	RLCMCG (pre-processed data)
	RLCSCG (pre-processed data)
	Events

	0
	0
	0
	Initialized

	0
	100
	0
	Data arrival in PDCP 100units –> routed to RLCMCG

	0
	100
	50
	Data arrival in PDCP 50units -> routed to RLCSCG

	0
	20
	50
	UL grant for MCG (80) -> 80units transmitted from RLCMCG

	0
	20
	0
	UL grant for SCG (50) -> 50units transmitted from RLCSCG

	0
	100
	20
	Data arrival in PDCP 100  -> 80 units routed to RLCMCG and 20units routed to RLCSCG

	420
	100
	50
	Data arrival in PDCP 500 ( 30 units routed to RLCSCG


As shown in the table, when routing PDCP data to the corresponding RLC entities, UE doesn’t only consider the amount of data in PDCP but also the amount of pre-processed data already pending in RLC. For example when there are 20units of pre-processed data in RLCMCG the PDCP will only route 80 further units to the RLCMCG, such that there are no more than a total of 100units of pre-processed data in RLCMCG.
3
Conclusion
This contribution is discussing UL split bearer operation for NR. It is proposed to agree on the following:

Proposal 1: The amount of pre-processed data should be limited, i.e. the amount of data of RLC PDUs pending for initial transmission should be limited.
Proposal 2: Network configures the maximum amount of pre-processed data UE is allowed to buffer for a logical channel of a split bearer at lower layers, i.e. RLC. Pre-processing limit could be based on the maximum estimated UL grant size.

Proposal 3: gNB may configure for each NR cell group a thresholds/Pre-processing limits for an UL split bearer. 

Proposal 4: In case data available for transmission is below the configured split bearer threshold, i.e. IE similar to ul-DataSplitThreshold, PDCP data is only routed to the prioritized CG. Also pre-processing is only allowed for the prioritized CG up to the configured limit.

Proposal 5: When the amount of data is larger than or equal to the split bearer threshold, firstly UE may route PDCP data to the RLC entity of the prioritized CG up to the configured limit for that CG, PDCP data above the first limit/threshold can be routed to the RLC entity of the other CG up to the corresponding configured limit. Any further PDCP data is routed to the RLC entities according to received UL grants.
Proposal 6: UE considers the amount of data buffered in PDCP and the amount of RLC PDUs pending for initial transmission for the comparison against the configured split threshold, e.g. ul-DataSplitThreshold.
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