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1. Introduction

At last RAN3#107Bis-e meeting, there is no conclusion for any issue on UL PDCP duplication, and these open issues were summarized in [1] as below:

1. Which node controls the UL duplication activation of RLC entity? 

2. Assistance information exchange between RLC entities for UL duplication

- UL PDCP duplication activation state
- UL Radio quality index

- UL PDCP duplication activation suggestion

- Assistance information per RLC
3. Initial UL duplication configuration

- The number of allowed activated RLC entities from the hosting node to assisting node, fixed number or range?

- Which node determines the initial UL activation state?

In this contribution, we give further discussion on above left issues, and provide the text the proposal for TS38.425 BL CR[2] in [5] for UL duplication cooperation, the text the proposal for TS38.423 BL CR[3] and TS38.473 BL CR[4] in[6][7] for initial UL duplication configuration. The change is via yellowed highlight.
2. Discussion
2.1.   Which node controls the UL duplication activation of RLC entity

In the R15 PDCP duplication, In order to ensure low-latency dynamic control, each node hosting the MAC entity decides the activation/deactivation of UL duplication for a DRB, and sends MAC CE to UE. The UE applies the MAC CE commands received from MN and SN. It is up to UE’s implementation to handle the conflict between the commands received from MN and SN at the same time.  

In the R16, even the activation/deactivation of UL duplication is per RLC entity. We do not think that the R15 principle “node hosting the MAC entity decides the UL duplication” is changed. If it is PDCP entity’s responsibility to control the UL duplication activation of the RLC, the extra delay is always introduced.

Proposal 1: The node hosting the MAC entity controls the UL duplication to ensure low-latency.

In 38.321, the R16 MAC CE format is defined as below:
-
RLCi: This field indicates the activation/deactivation status of PDCP duplication for the RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG, for the DRB. The RLCi field is set to 1 to indicate that the PDCP duplication for the RLC entity i shall be activated. The RLCi field is set to 0 to indicate that the PDCP duplication for the RLC entity i shall be deactivated.
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Figure 6.1.3.32-1: Duplication RLC Activation/Deactivation MAC CE

Since there is only one kind of MAC CE structure including both MCG and SCG RLC activation information, it seems that for MN and SN to construct such MAC CE, some coordination between MCG and SCG is necessary. However, if NW (either MN or SN) should send MAC CE after the coordination, e.g., exchanging some activation/assistance information between two nodes, it may introduce some unacceptable delay in some case. So, we think the MAC CE control mechanism for UL duplication without coordination between two nodes shall be supported. That is, each node controls its own part of the MAC CE,  it is up to UE’s implementation to handle whether the received MAC CE includes whole RLC bitmap, or the part of RLC bitmap  referred to MCG/or SCG. A reasonable implementation is that the UE considers the MAC CE only including the RLC part for the sending node, and the UE can merge MAC CE from two nodes to build the whole DRB.

Proposal 2:  Although single MAC CE format including both MCG and SCG RLC activation status is defined, the node hosting the MAC entity can decide the UL duplication for its own part of RLC entities and then send the MAC CE to UE independently, that is, the MAC CE only contains the valid part of RLC bitmap referred to MCG/or SCG is allowed.

2.2.   Assistance information exchange between nodes

- UL PDCP duplication activation state
- UL Radio quality index

- UL PDCP duplication activation suggestion

- Assistance information per RLC
At RAN2 #108, an LS [R3-200094] was sent to RAN3 (received at RAN3 #107), where RAN2 asks to enable signalling needed to coordinate UL multiplication for IIoT:

For uplink PDCP duplication enhancement, RAN2 has decided to support up to 4 legs for a DRB with possibility of DC+CA architecture, wherein the 4 legs configured for a DRB could be distributed across both MCG and SCG, so the number of RLC entities corresponding to one CG could be 1, 2, or 3 under this framework.

Additionally, RAN2 has also agreed to introduce a new MAC control element (MAC CE) that allows the network to dynamically control the activation state of up to 3 RLC entities configured for a DRB, that are distributed across two nodes in cases of DC+CA architecture. Therefore, for a gNB to construct and issue such MAC CE in such situations, some information exchange relating to the RLC entities between the two gNBs may be needed, especially when the other gNB has 2 or more RLC entities for this DRB.

So, RAN3 needs to fulfill the requirement from the RAN2, some information exchange relating to the RLC entities between the two gNBs shall be supported as RAN2 required.
During the RAN3 discussion, some companies concerned that the coordination cannot work: “delay introduced over Xn does not allow to make sure MAC CE is in sync between the MN and the SN. Even the user plane is too slow for ms-level synchronisation (plus, it is unreliable, so synchronisation could not be assumed anyway)”. [8]
From our point of view, because the channel quality always changes rapidly, and if the RLC activation state is also adjusted quickly after the channel quality changes, sometimes it will affect the reliability. For example, it is reasonable to try to maintain as many RLCs to be activated as possible, only under a long period of measured good channel conditions and the data transmission is very reliable, and then a RLC with the worst quality among the activated RLC entities is selected to deactivate.  According to this strategy, the RLC activation state does not need to change often, even the channel quality always changes rapidly.

For a gNB to construct and issue a MAC CE including both MCG and SCG RLC activation status, the NW shall support RLC activation status exchange between two nodes. It is up to UE’s implementation to handle whether the received MAC CE includes whole RLC bitmap, or the part of RLC bitmap referred to MCG/or SCG. One reasonable implementation is the UE considers the MAC CE only including the RLC part for the sending node, but if the UE receive same MAC CE from two nodes, the UE consider the MAC CE including whole RLC bitmap
Proposal 3:  Even the channel quality always changes rapidly, but it does not mean the RLC activation state need to change frequently. For a gNB to construct and issue a MAC CE including both MCG and SCG RLC activation status, the NW shall support RLC activation status exchange between two nodes. It is up to UE’s implementation to handle whether the received MAC CE includes whole RLC bitmap, or the part of RLC bitmap referred to MCG/or SCG.
Considering the reported or measured UL Radio Quality may change rapidly, such exchanged radio quality of one node is not always in time for other node. At this stage, it is recommended to focus on RAN2's requirements for constructing MAC CE with the whole RLC bitmap.
Proposal 4: It is recommended to focus on RAN2's requirements for constructing MAC CE with the whole RLC bitmap.  The issue on the exchange of UL Radio Quality is left to future release.
2.3.   Initial UL duplication configuration?

- The number of allowed activated RLC entities from the hosting node to assisting node, fixed number or range?

- Which node determines the initial UL activation state?

In R15, UL duplication is used for the entire DRB, it is supported to signal the initial status (true, or false) of CA and DC based duplication over XnAP. The assisting node is aware of the initial stage of DC based duplication in SN Addition and Modification procedure through mcg-RB-Config/scg-RB-Config IE in RRC container.  The assisting node is also aware of the initial status of CA based duplication through the explicit Duplication Activation IE. Furthermore, In the case of CU/DU split architecture, the DU is aware of the initial status of DC based and CA based duplication through the explicit DC Based Duplication Activation IE and Duplication Activation IE. 

In R16, the DC+CA duplication case is supported with more than two RLC entities configured within the concerned DRB. When the PDCP hosting node requests to establish a DRB at the assisting node, the assisting node still be aware of the  initial status (true, or false) of CA and DC based duplication for the concerned DRB through the legacy R15 IE over XnAP and F1AP . There is no need to introduce a new initial RLC duplication state IE. The different between R15 and R16 is, the assisting node only apply the duplication indicated by the XnAP/F1AP IE related to CA and DC duplication initial state in R15, but in R16 (DRB configured with more than two RLC entities), the assisting node shall apply the duplication and determine how many and which RLC entity shall be activated according to the XnAP/F1AP IE related to CA and DC duplication initial state, and response the initial secondary RLC activation status. The maximum number of activated RLC is the number of RLC on the assisting node of the DRB.
The RLC is located in the assisting node, and the assisting node can know the specific resource allocation and initialization of each RLC entity, so it is more feasible for the assisting node to configure the initial state of the RLC, otherwise, if the hosting node needs to configure the initial UL activation state for RLC, it is actually a “blind” configuration.  
Proposal 5:  It is already supported to signal the initial stage (true, or false) of CA and DC based duplication for the DRB over XnAP and F1AP. There is no need to introduce a new initial RLC duplication state IE sent by hosting node.

Proposal 6: The assisting node shall apply the duplication according the initial states of CA and/or DC duplication for the DRB, furthermore, in the case of the DRB configured with more than two RLC entities, the assisting node shall determine how many and which RLC entity shall be activated and response the initial secondary RLC activation status to hosting node.

Proposal7: It is proposed to introduce a new RLC activation status IE over XnAP/F1AP sent by assisting node to inform the initial secondary RLC activation status to hosting node. 

Furthermore, according to 38.331 PDCP-configure IE as below,
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The primary RLC entity is indicated by the cell group ID and LCID, so the primary RLC entity may be located at either MCG or SCG. But in current spec, the assisting node has no idea about whether the primary RLC entity locates at its own node or not. Without such location information, the assisting node cannot active/deactivate the RLC for UL duplication correctly during the initial configuration state and the MAC CE dynamic control stage (with the requirement that the primary RLC shall be always be activated), and cannot build RLC activation bitmap correctly for the initial status response and MAC CE constructing. (Note that the primary RLC is not included in the bitmap). 

Furthermore, the RLC activation state bitmap of the MAC CE is 3 fixed bits, the index for the indication is determined by ascending order of logical channel ID of all secondary RLC entities except the primary RLC entity in the order of MCG and SCG, the assisting node also needs to know the primary RLC location and the total number of the secondary RLC entities for the purpose of MAC CE constructing.

Proposal 8: Hosting node shall inform the assisting node the primary RLC entity location and the total number of the secondary RLC entities for the purpose of initial UL duplication configuration and MAC CE constructing. To introduce the new Primary RLC Indication IE and Number of secondary RLCs of DRB IE over XnAP/F1AP. 

From the above discussion, assisting node determined the initial RLC activation state for UL duplication, the initial UL duplication configuration procedure in DC and CU/DU case is shown below: 
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Figure1: in the case of MN terminated bearer
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Figure2: in the case of SN terminated bearer
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Figure3: in the case of CU/DU split case
In [9], the solution for node hosting PDCP signal the initial UL activation to assisting node is provided. But consider the primary RLC location information is missing, this method does not work correctly. The further analysis can be found in the annex. The primary RLC indication is also proposed to introduce over XnAP/F1AP.

Proposal 9:    For the solution for node hosting PDCP signal the initial UL activation to assisting node, the primary RLC indication IE is also proposed to introduce over XnAP/F1AP.

3.  Conclusions
Proposal 1: The node hosting the MAC entity controls the UL duplication to ensure low-latency.

Proposal 2:  Although single MAC CE format including both MCG and SCG RLC activation status is defined, the node hosting the MAC entity can decide the UL duplication for its own part of RLC entities and then send the MAC CE to UE independently, that is, the MAC CE only contains the valid part of RLC bitmap referred to MCG/or SCG is allowed.

Proposal 3:  Even the channel quality always changes rapidly, but it does not mean the RLC activation state need to change frequently. For a gNB to construct and issue a MAC CE including both MCG and SCG RLC activation status, the NW shall support RLC activation status exchange between two nodes. It is up to UE’s implementation to handle whether the received MAC CE includes whole RLC bitmap, or the part of RLC bitmap referred to MCG/or SCG.
Proposal 4: It is recommended to focus on RAN2's requirements for constructing MAC CE with the whole RLC bitmap.  The issue on the exchange of UL Radio Quality is left to future release.
Proposal 5:  It is already supported to signal the initial stage (true, or false) of CA and DC based duplication for the DRB over XnAP and F1AP. There is no need to introduce a new initial RLC duplication state IE sent by hosting node.

Proposal 6: The assisting node shall apply the duplication according the initial states of CA and/or DC duplication for the DRB, furthermore, in the case of the DRB configured with more than two RLC entities, the assisting node shall determine how many and which RLC entity shall be activated and response the initial secondary RLC activation status to hosting node.

Proposal7: It is proposed to introduce a new RLC activation status IE over XnAP/F1AP sent by assisting node to inform the initial secondary RLC activation status to hosting node. 

Proposal 8: Hosting node shall inform the assisting node the primary RLC entity location and the total number of the secondary RLC entities for the purpose of initial UL duplication configuration and MAC CE constructing. To introduce the new Primary RLC Indication IE and Number of secondary RLCs of DRB IE over XnAP/F1AP. 

Proposal 9:    For the solution for node hosting PDCP signal the initial UL activation to assisting node, the primary RLC indication IE is also proposed to introduce over XnAP/F1AP.

For UL duplication, The TP for TS38.425 is provided in [5], the TPs for TS38.423 and TS38.473 are provided in [6][7] . The change is via yellowed highlight.
4. Annex:
In [9], the solution for node hosting PDCP signal the initial UL activation to assisting node is provided. For example, for the MN terminated bearer, the MN provides all the initial duplication state of the secondary RLC entities during S-NODE ADDITION procedure as below: 

-------------------------------------------------------------------------------------------------------------------------------------
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1. The MN sends S-NODE ADDITION REQUEST to the SN, including the initial duplication state of the secondary RLC entities in PDU Session Resource Setup Info – MN terminated IE.

The initial duplication state has fixed 3 bits. The index for the indication is determined by ascending order of logical channel ID of all secondary RLC entities in the order of MCG and SCG, It is similar as the definition of RLC duplication MAC CE in the TS 38.321. 

Since the SN has no idea of the number of the secondary RLC entities in MN, the SN cannot determine which bits is for the MN. Therefore the MN needs to notify the secondary RLC number N to SN, the SN can determine the lowest N bits is for the initial state of the secondary RLC entities in MN, the rest bits is for the initial state of the secondary RLC entities in SN. 

-------------------------------------------------------------------------------------------------------------------------------------

For the above method, although the MN informs the initial duplication state bitmap (3bits) and the number of secondary RLC in MN side to SN, the SN may still not set the initial state correctly, because the SN does not know whether the primary RLC is in the SN or not, so SN may use the spare bit as an indication of the initial state of the primary RLC or the secondary RLC at SN. More detail is shown below: 
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Fig4: primary RLC locates at SN, PDCP locates at MN 
In above figure case, MN send the RLC initial activation bitmap (3bits) as below, and request SN to set the RLC1 initial state.  The number of secondary RLC in MN is 1.  Because there are only two secondary entities configured for the DRB, the lowest bit of the bitmap (3bits) is not used.
	MCG RLC0
	SCG RLC1
	Spare 


After SN receiving the   initial activation bitmap(3 bits) , since the indicated number of secondary RLC in MN is 1 , the SN may determine  the rest 2 bits is for the initial state of all RLC entities in SN, and use the spare bit as an valid state indication for the primary RLC or the RLC1 at SN. (SN has no idea of the spare bit and the primary RLC, SN may consider these two RLCs in SN are secondary RLC).  
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