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1 Introduction

RAN2 has agreed to use packet duplication to achieve high reliability without too much latency due to feedback and retransmissions. In RAN2#AH [1] and RAN2#98 [2] , agreements were made as follows:
	AH Agreements:

1. Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)

2. FFS whether packet duplication should also be supported for LTE-NR dual connectivity

3. The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

	98 Agreements:

1. UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

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.

2. RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.
3. MAC CE approach will be used for control of UL duplication. Optimizations to reliability of the MAC CE will not be introduced for this mechanism. No optimizations or additional interactions between network nodes are introduced for this mechanism.

	98 Agreements:

4. Duplication on a single carrier will not be supported

5. 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)

6. Duplicated PDCP PDUs are submitted to two different RLC entities


This contribution will further discuss the details of configuration and control of UL packet duplication in CA and DC case.

2 Discussion
Packet duplication is supported in both the DC and CA architectures. The packet duplication function is performed in the PDCP entity and can be used to satisfy the reliability requirements of both DRBs and SRBs. 

In the DC architecture, a split SRB can be configured for packet duplication. The duplication function is in the PDCP after ciphering function is performed. The decision for performing packet duplication depends on the information provided by the MAC entity. The information is included in separate MAC CEs from both the MN and SN.

In the CA case, the duplication function is performed after the ROHC and ciphering functions are performed. If packet duplication is activated then duplicate packets are sent to separate RLC entities, which are mapped to different carriers.

The layer 2 structures for UL with DC and CA are illustrated in the following figures.
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Figure 1: PDCP duplication for DC Figure 2: PDCP duplication for CA


2.1 Criteria for the network to decide using packet duplication or not
In this section, we discuss how the network could make the best decision that the UE employs leg1 and/or leg2 to transmit packets, not considering to make the UE apply this decision.
In the CA case, if the network determines that packet duplication is not required then the UE can use the normal CA procedure. In the DC case, the UE can apply the procedure selected for UL split bearer (e.g. double BSR reporting like in LTE or hard split, to be discussed in user plane session). 

From the evaluation provided in [3], when using a fixed transport block size, the optimal packet duplication decision depends on the following:

· The uplink channel quality per cell in DC (i.e. MN and SN) or per carrier in CA.

· The transport block size (small TB sizes, there is no need for duplication).

· Loading in the network (i.e. if a cell/carrier does not have resources available, then packet duplication can be used).
The network could decide whether to use transmission on leg1 and on leg2 based on the uplink channel quality of both links as well as the transport block size that the network wishes to use. A simplistic network algorithm could be that

-
a leg shouldn't be used when it is too weak, e.g. channel quality < S1 (in that case, the network should probably consider reconfiguring the leg);;
-
if either one of the links or both links have channel quality > S2 then packet duplication is not useful because transmitting over a single link should be sufficient to satisfy the reliability requirement;
-
if the channel quality of both links is between S1 and S2, packet duplication is beneficial;
-
if small transport block sizes are used, there is less benefit to use packet duplication;

-
the carrier(s) for one of the leg might have higher load so that the network may prefer to bias its decisions in favour of no duplication
Observation 1:  The optimal decision to use packet duplication depends at least on the following:

a) The uplink channel conditions on both legs.

b) The packet size.

c) The loading in the cell/carrier.

Note that since packet duplication can be used for URLLC traffic, which may require transmission on grant free resources, packet duplication may be used in combination with grant free transmission. 

For URLLC traffic, grant free resources can be configured on both MN and SN in the DC architecture or on multiple carriers in the CA architecture. As discussed above, in order to efficiently use the grant free resources, the UE should only perform packet duplication when the single best link is not sufficient to satisfy the reliability requirement. If the grant-free transmission configuration includes the possibility for the UE to use multiple TB sizes, efficient resource usage would also require using a TB size determined according to the uplink channel quality (and other parameters that the network could decide). It can be noted

Observation 2: If the UE can use grant-free transmission with a set of TB sizes, the optimal decision on the TB size to use depends on the uplink channel condition of the leg where it is used.
2.2 UL packet duplication in CA
It was agreed in RAN2 to use MAC CE in the control of UL duplication. In CA case, upon state change, one MAC CE can be used to indicate UE about whether both of the legs can be used or only one of the two legs can be used after state change. 
The gNB is well aware of the quality of both carriers associated with the two legs for duplication. When duplication is not active and neither of the carriers is good enough to satisfy the requirement of data transmission, the gNB can activate UL duplication using the MAC CE. In this case, the MAC CE should carry the indicator to tell UE that the duplication is activated and both of the configured legs are used for data transmission. As UE may have multiple UL duplications, the MAC CE should also indicate which duplication is activated. This can be realized by carrying the DRB ID of the corresponding duplication or LCH ID of one of the legs of the duplication. As DRB ID is shorter and is one-to-one mapping with duplication, it is better to use DRB ID in the MAC CE. 
When duplication is active and either one of the carriers is good enough to satisfy the requirement of data transmission, the gNB can deactivate UL duplication using the MAC CE. In this case, the MAC CE should carry the indicator to tell UE that the duplication is deactivated. Besides, as discussed above, the MAC CE should also carry the DRB ID of the corresponding duplication. After deactivation, UE will only use one of the legs for transmission. It is meaningless to associate the legs to carriers once duplication is deactivated. Therefore, it can be UE implementation to choose one of the legs for data transmission and the gNB can allocate UL grant on the best carrier for transmission.
Proposal 1: For CA, the MAC CE carries an indicator to indicate whether this is for activation or deactivation as well as the DRB ID of the corresponding duplication. 
Proposal 2: For CA, after the duplication is deactivated, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.
Proposal 3: For CA, after the duplication is deactivated, it is gNB implementation to allocate UL grant on the best carrier for transmission. 

2.3 UL packet duplication in DC
Packet duplication in the DC architecture differs from that in the CA architecture since there are separate nodes. In this case, there are two options to consider. 

Option 1: Only the master node sends MAC CE based on the its channel quality 
For this option, only one MAC CE is used to activate/deactivate the UL duplication.

Option 2: The master node and the secondary node send MAC CEs independently (based on their own information, e.g. channel quality, other).
For simplicity, the MN could send the MAC CE as in option 1. However, as discussed above, making the best decision requires information on the channel quality for both legs and RAN2 agreed to not introduce extra coordination between the MN and SN for sending of the MAC CE. The MN could rely on UE L3 measurement reports to have information on the SN channel conditions but this wouldn't be a very fast mechanism and would reduce, if not fully nullify, the benefit of using a MAC CE for dynamic control.
Therefore, if would make sense that tthe MN and SN independently provide a MAC CE to the UE and an algorithm is specified how the UE shall combine MAC CEs from the MN and from the SN to activate/deactivate packet duplication.
In the above discussion, if the channel quality is so poor that a leg should not be used, it could be assumed that the network should simply reconfigure the SRB/DRB not to use it anymore. So it is sufficient for the UE to know whether that leg is sufficiently good so that duplication is not needed, i.e. each MAC CE could indicate a "activation /deactivation" indication:

-
If both the MAC CEs are for activation, it means neither of the links is good enough to satisfy the reliability requirements. Then the UE will activate UL duplication.

-
If both the MAC CEs are for deactivation, it means both of the links are good enough to satisfy the reliability requirements. Then the UE will deactivate UL duplication and it is UE implementation to choose one link for transmission.

-
If one MAC CE is for deactivation and the other is for activation, it means only the link of with the MAC CE for deactivation is good enough to satisfy the reliability requirements. Then the UE will deactivate UL duplication and choose that link for transmission.

If grant-free resources with multiple sizes are used, the network should provide more information than a simple activate/deactivate command, since the UE should be able to select the best link when packet duplication is not required. It may also be possible for the UE to select the appropriate MCS if multiple MCS levels are allowed on the grant free resources. In this case, the network can perform blind decoding on the grant free resources. 
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Figure 2: Option 2 MN and SN send MAC CEs individually.

To minimize the overhead for the feedback, the feedback in the MAC CE can be limited to 2 bits to indicate if the measured UL channel is within the range where packet duplication is required to satisfy the reliability requirement or if it is below or above the packet duplication range. The UE combines the information obtained from the MAC CEs to make the packet duplication decision (as described in section 2.1).

Furthermore, the information can also be used to select a splitting ratio between the MN and SN when packet duplication is not activated (if RAN2 wants to apply such kind of solution). 

 Proposal 4: RAN2 make a down-selection from the two options in DC case:
Option 1: Only the master node sends MAC CE based on the its channel quality 

Option 2: The master node and the secondary node send MAC CEs independently (based on their own information, e.g. channel quality, other).
Proposal 5:  For option 2, the MAC CE contains at least 1 bit to indicate "duplication required/duplication not required".
Proposal 6: For option 2, discuss whether the MAC CE can provide more information for cases when duplication may not be needed, e.g. to allow TB size selection for grant-free transmission or selection of splitting ratio.
2.4 The initial state of UL duplication in CA and DC

In both CA and DC case, for a radio bearer which may need packet duplication to improve reliability, an additional RLC entity for duplicated transmission can be configured and established for the radio bearer. Before the duplication is triggered, PDCP PDUs are only delivered to one of these two RLC entities.
As agreed in last meeting, UL PDCP duplication is configured by RRC signalling. But how to decide the initial state of UL PDCP duplication remains further study. To our understanding, there are two solutions to consider: 

Solution 1: The initial state (activated or deactivated) is configurable by RRC signalling. In case duplication is not active, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.
For this solution, when configuring the duplication per DRB or SRB, the gNB can add an indication (e.g. a packet duplication flag) to the RRC signalling to inform the UE whether the state of UL duplication is active. If the initial state of packet duplication is not active, the two legs should be decoupled from the associated carriers. And one of the two legs should be used for data transmission by UE implementation. 

Solution 2: The initial state is not active by default . The RLC entities for the duplicated RB are defined as the master RLC and the secondary RLC. The initial state of the master RLC is active and the initial state of secondary RLC is not active.
For this solution, considering PCell is generally more reliable than SCells and PSCell, it is guaranteed by gNB that one RLC entity of the duplicate RB is mapped to PCell . The RLC entity mapped to PCell is the master RLC and the RLC mapped to SCell or PSCell is the secondary RLC. In this case, once duplication is configured, the initial state of master RLC is active and the initial state of secondary RLC is not active. 

Solution 3: The initial state is active by default

For this solution, both legs will be put into use once PDCP duplication is configured.

According to the above analysis, we propose:

Proposal 7: RAN2 make a down-selection from the three solutions for initial state of duplication in both DC and CA cases:

Solution 1: The initial state (activated or deactivated) is configurable by RRC signalling. In case duplication is not active, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.
Solution 2:The initial state is not active by default . The RLC entities for the duplicated RB are defined as the master RLC and the secondary RLC. The initial state of the master RLC is active and the initial state of secondary RLC is not active.

Solution 3: The initial state is active by default.

3 Conclusion and Proposals
In this contribution, we discuss the details about the configuration and control of UL packet duplication in CA and DC case, and have the following proposals:

Observation 1:  The optimal decision to use packet duplication depends at least on the following:

a) The uplink channel conditions on both legs.

b) The packet size.

c) The loading in the cell/carrier.

Observation 2: If the UE can use grant-free transmission with a set of TB sizes, the optimal decision on the TB size to use depends on the uplink channel condition of the leg where it is used.
Proposal 1: In CA, the MAC CE carries an indicator to indicate whether this is for activation or deactivation as well as the DRB ID of the corresponding duplication. 
Proposal 2: In CA, after the duplication is deactivated, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.
Proposal 3: In CA, after the duplication is deactivated, it is gNB implementation to allocate UL grant on the best carrier for transmission. 

Proposal 4: RAN2 make a down-selection from the two options in DC case:

Option 1: Only the master node sends MAC CE based on the its channel quality 

Option 2: The master node and the secondary node send MAC CEs individually based on their own channel quality.

Proposal 5:  For option 2, the MAC CE contains at least 1 bit to indicate "duplication required/duplication not required".
Proposal 6: For option 2, discuss whether the MAC CE can provide more information for cases when duplication may not be needed, e.g. to allow TB size selection for grant-free transmission or selection of splitting ratio.
Proposal 7: RAN2 make a down-selection from the three solutions for initial state of duplication in both DC and CA cases:

Solution 1: The initial state (activated or deactivated) is configurable by RRC signalling. In case duplication is not active, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.

Solution 2:The initial state is not active by default . The RLC entities for the duplicated RB are defined as the master RLC and the secondary RLC. The initial state of the master RLC is active and the initial state of secondary RLC is not active.

Solution 3: The initial state is active by default.
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