[bookmark: _GoBack]3GPP TSG-RAN WG2 #99	R2-1709095
Berlin, Germany, August 21 – August 25, 2017	


[bookmark: Source]Agenda item:		10.2.2.3 (NR_newRAT-Core)
Source:	LG Electronics Inc.
Title: 	Need for Duplicate RB
[bookmark: DocumentFor]Document for:	Discussion and Decision

1.	Introduction
In the NR AH meeting, RAN2 made many agreements on packet duplication.
	Packet duplication configuration
- UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
- Which logical channel is used for duplication leg is based on RRC configuration for CA and DC. 
- FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

Packet duplication Activation/Deactivation
- MAC CE approach will be used for control of UL duplication. MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.
    - For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  
    - UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 
- FFS if fall back to split bearer is supported for DC. 

Packet duplication of SRB
- MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.
- For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.
- FFS Duplication on SRB for CA cases 
- FFS Behaviour in the case of SCG failure when SCG is the configured path.

Packet duplication in CA
- Duplication on a single carrier will not be supported
- Duplicated PDCP PDUs are submitted to two different RLC entities
- RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
- After the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.
- FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.

Packet duplication in DC
- In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
- CA packet duplication is not applied to LTE CA of EN-DC.
- In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. 
- FFS Whether UL packet duplication for spit bearer applies for EN-DC.
- In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

MAC impact 
- Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
- The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.




One important point not decided yet is whether the packet duplication function is supported by a new type of RB, say Duplicate RB, or supported by the Split RB as a configuration. This point should be decided clearly in order to progress stage-3 discussion.

2.	Discussion
There may be two options to support packet duplication function in NR:
- 	Option1: Packet duplication function is supported by Split RB
- 	Option2: Packet duplication function is supported by a new type of RB, say Duplicate RB
The difference between two options is that when the packet duplication is deactivated, the Option 1 operates with the split threshold while the Option 2 does not operate with the split threshold but only transmits packet on the configured leg. Note that when the packet duplication is activated, there is no difference between two options.

In Option 1, the packet duplication function is configured for the Split RB. At RB configuration, the gNB indicates that the packet duplication can be configured for this Split RB. As the Split RB is also configured with split threshold and path restriction (i.e. the path that is used when the PDCP data volume is less than the threshold), it has to be discussed how the split threshold and path restriction is used together with packet duplication.
In LTE, there was restriction in UL data transmission path, i.e. ul-DataSplitDRB-ViaSCG, which can be used as a default leg. In addition, a threshold mechanism is used in data volume calculation and UL data transmission using ul-DataSplitThreshold. Thus, when the packet duplication is deactivated, the split threshold and path restriction should be respected.
If the packet duplication is activated, however, those split threshold and path restriction are meaningless. The PDCP entity always transmits PDCP PDUs to both RLC entities regardless of the threshold. Thus, split threshold and path restriction are ignored when packet duplication is activated.
Due to the conditional application of the split threshold, the UE behaviour would be very complex if the packet duplication is configured as a function of a Split RB, as shown below.
- 	Split RB with Packet duplication = OFF
-	PDCP data volume < Threshold
-	PDCP data volume is indicated to the MAC entity of the default leg (DC case) or to the associated MAC entity (CA case).
-	PDCP data is submitted only to the RLC entity of the default leg.
-	PDCP data volume > Threshold
-	PDCP data volume is indicated to both MAC entities (DC case) or to the associated MAC entity two times (CA case).
-	PDCP data is submitted to any of the RLC entities to which data submission is requested.
- 	Split RB with Packet duplication = ON
-	PDCP data volume is indicated to both MAC entities (DC case) or to the associated MAC entity two times (CA case).
-	PDCP data is submitted to both RLC entities.
Observation1: If the packet duplication is configured as a function of a Split RB, the UE behaviour is very complex due to conditional application of split threshold.

For data submission, the Split RB can submit PDCP PDUs to the RLC entity only after the data submission is requested if the packet duplication is deactivated and the data volume is larger than the split threshold. This is because the transmission path is determined only after the UL grant is received. However, if the packet duplication is activated, the data transmission path is determined even before the reception of the UL grant. Thus, from the pre-processing point of view, Split RB operation with duplication activation and duplication deactivation is quite different.
Observation2: If the packet duplication is configured as a function of a Split RB, data submission procedure of the Split RB is quite different depending on whether the duplication is activated or deactivated.

When the packet duplication is deactivated, the data volume indication and data submission in Split RB depends on the comparison result of the data volume and split threshold. However, when the packet duplication is activated, the data volume indication and data submission in Split RB does not consider the split threshold; the PDCP entity just submits PDCP PDUs to both RLC entities. As the behaviour of the two is much different, there would be big complexities in handling data at state change between duplication activation and duplication deactivation. Considering that the purpose of activating/deactivating packet duplication by MAC CE is to control the packet duplication function dynamically, such big complexities at state change may not be tolerable from the UE implementation point of view.
Observation3: If the packet duplication is configured as a function of a Split RB, dynamic activation/deactivation of packet duplication would cause big complexities in handling data at state change.

It should be noted that the Split RB for CA case is a new behaviour that should be defined in NR. In LTE, the Split RB is defined only for DC case. 
At first glance, the Split RB for CA case looks similar to the Split RB for DC case. However, they are slightly different in that the DC case is involved with two MAC entities while the CA case is involved with only one MAC entity. The slight difference in number of MAC entity results in some complexities in PDCP operation, e.g. data volume indication and data submission procedure.
Observation4: If the packet duplication is configured as a function of a Split RB, the Split RB operation should be newly defined for CA case.

From the above observations, we think that supporting packet duplication function as a configuration of Split RB results in big complexities, and thus should be avoided. If the packet duplication function is supported by a new type of RB, i.e. Duplicate RB, the UE behaviour would be simple, and the implementation and specification effort could be minimized. Therefore, we propose to introduce a new type of RB, i.e. Duplicate RB, to support the packet duplication function.
Proposal1: Introduce a new type of RB, i.e. Duplicate RB, to support packet duplication function.
Proposal2: Split RB does not support packet duplication function.

At RB configuration of a Duplicate RB, following information has to be provided:
- 	Support for packet duplication;
-	RLC configurations for two legs;
-	Default leg.
When the packet duplication is deactivated, both RLC entities are maintained, but the PDCP entity submits PDCP PDUs only to the RLC entity of the default leg. In other words, the UE does not remove RLC entity of the duplication leg even if the packet duplication is deactivated.
Proposal3: For Duplicate RB, both RLC entities are configured at RB configuration, and maintained even if the packet duplication is deactivated. 

3.	Proposals
In this document, we have observed complexities in supporting packet duplication function in Split RB.
Observation1: If the packet duplication is configured as a function of a Split RB, the UE behaviour is very complex due to conditional application of split threshold.
Observation2: If the packet duplication is configured as a function of a Split RB, data submission procedure of the Split RB is quite different depending on whether the duplication is activated or deactivated.
Observation3: If the packet duplication is configured as a function of a Split RB, dynamic activation/deactivation of packet duplication would cause big complexities in handling data at state change.
Observation4: If the packet duplication is configured as a function of a Split RB, the Split RB operation should be newly defined for CA case.
With the above observations, we have following proposals:
Proposal1: Introduce a new type of RB, i.e. Duplicate RB, to support packet duplication function.
Proposal2: Split RB does not support packet duplication function.
Proposal3: For Duplicate RB, both RLC entities are configured at RB configuration, and maintained even if the packet duplication is deactivated. 
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