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1 Introduction

RAN2 has introduced PDCP duplication to support high reliability requirement for stringent service, e.g., URLLC. It was agreed PDCP duplication can be used on both CA and DC case, some related agreements are as follows:
Agreements:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

For CA duplication, after deactivation, UE sends new data via one specific logical channel:

Agreements:

1:
In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.

For DC duplication, after deactivation, UE falls back to split bearer operation:

Agreements

1.
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

In this paper, we further discuss the duplication impact on LCP procedure.
2 Discussion

2.1 Duplication impacts to PBR configuration
For a radio bearer configured with duplication, the two associated legs are used to transmit the same packets. It’s expected that the network configure same values for the two legs, i.e., logical channel configuration, otherwise, different leg will have different data rate which makes one of the legs useless. It should be also expected the guaranteed data rate for the radio bearer should not be impacted by the activation or deactivation of the duplication.

PBR is a parameter which decides how many resources can be allocated for a logical channel for each LCP procedure. 

For CA duplication, two legs transmit exactly the same packets, and the receiver can detect and discard the duplicate packets. When duplication is activated, the guaranteed data rate for the radio bearer is expected to be the same as that when duplication is deactivated.

Observation 1 No impact to the guaranteed data rate of the bearer configured with CA duplication when duplication is activated or deactivated.  

For DC duplication, it uses split bearer as the baseline protocol architecture. When duplication is deactivated, it falls back to split bearer operation. For split bearer, when the data volumn is larger than the configured threshold, the two legs can be used to transmit different packets. Compared with split bearer, when duplication is activated, the two legs are used to transmit exactly the same packets, which means the guaranteed data rate for the bearer will be decreased. If one single PBR is configured for a LCH, when the DC duplication falls back to split operation, the guaranteed data rate of the bearer would be double when the data volumn is larger than the threshold. Similarly, when duplication is activated, the PBR configured for split bearer can not meet the data rate requirement of the bearer.
Observation 2 Compared with split bearer, the guaranteed data rate for the bearer configured with DC duplication will be decreased when duplication is activated.  

It’s feasible that the network configures two separate PBR for each logical channel, one for the split bearer operation and the other is for the case when duplication is activated.
Proposal 1 Two separate PBRs are configured for the LCH, one for the case when duplication is activated and other is used when duplication is deactivated.
2.2 Duplication impact to Bj

In the latest CR (R2-1801546), the update of the Bj is as follows:

The following UE variable is used for the Logical channel prioritization procedure:

-
Bj which is maintained for each logical channel j.
The MAC entity shall initialize Bj of the logical channel to zero when the logical channel is established.

For each logical channel j, the MAC entity shall:
1>
increment Bj by the product PBR × T before every instance of the LCP procedure, where T is the time elapsed since Bj was last updated;

1>
if the value of Bj is greater than the bucket size (i.e. PBR × BSD):

2>
set Bj to the bucket size.

NOTE:
The exact moment(s) when the UE updates Bj between LCP procedures is up to UE implementation, as long as Bj is up to date at the time when a grant is processed by LCP.
When the PDCP duplication is deactivated for the radio bearer configured with CA duplication, it’s agreed that the logical channel to carrier mapping is not applied, and the UE sends new data through the primary RLC. For the secondary RLC, it’s agreed in last meeting that the PDCP PDUs provided to lower layers should be discarded, and the secondary RLC is not re-established:
1. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.
2. The deactivated RLC entity is not re-established 
3. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  

When duplication is deactivated, the Bj for the deactivated RLC will keep updating every time when the LCP is executed. For CA duplication, MAC will not decrement the Bj for secondary RLC since there are not expected new packets. For DC duplication, the case is the same when the data volume in PDCP is lower than the threshold. Then, one possible case is that when duplication is activated again, the Bj for the secondary RLC will reach to the bucket size, i.e., PBR × BSD, while the Bj for the primary RLC may be much smaller than that. 
The impact when Bj for primary leg is very low (can be negative) and Bj for secondary leg is the bucket size in primary leg will be allocated much fewer resources than secondary leg from long term perspective, which will cause un-balanced data rate for the duplicated legs. Un-balanced data rate is not expected for the bearer configured with duplication, which aims to increase the reliability.

Observation 3 Bj for secondary RLC continues updating when duplication is deactivated, which will cause un-balanced data rate of the two legs for radio bearer when duplication is activated again.  
There are several solutions:

· Option 1: stop updating Bj for the secondary RLC when duplication is deactivated, and continue updating when duplication is activated;

· Option 2: reset the Bj for the secondary RLC to 0 when duplication is activated;

· Option 3: reset the Bj for the secondary RLC to the same value for the Bj of the primary RLC when duplication is activated;
Option 1 is not suitable for the DC duplication, which will falls back to split bearer when duplication is deactivated. For option 2, Bj is reset to 0 as if the logical channel is newly added, however, it still makes the Bj maintained for the duplicated legs different when duplication is activated, e.g., Bj for the secondary RLC is 0 and Bj for the primary RLC is very large. Option 3 can align the Bj for the two duplicated RLCs to the same value when duplication is activated, so the impact is minimized. 
Proposal 2 The Bj for the secondary RLC should be reset to the same value of the Bj for the primary RLC when duplication is activated.
2.3 Single cell duplication
NR can support much wider bandwidth that LTE, it’s not always feasible to configure CA or DC to a UE even though the UE would require high reliability service. In this case, PDCP duplication should be improved in single cell cases, but still the duplicated PDCP PDU should not be transmitted in the same transport block, i.e., MAC PDU. 

Proposal 3 RAN 2 is asked to discuss whether PDCP duplication for a single cell should be supported or not. 

There are two ways to achieve this given the SUL and BWP concept:

Option 1: restrict the leg to different BWP in the same cell:

· If multiple active uplink BWPs are allowed for a cell, we think the LCP restrictions for duplication can be improved by taking different uplink BWPs as restriction per cell. By letting the duplicated PDUs and original PDUs being transmitted on different uplink BWPs, the reliability can also be improved.

· Even though the cell can only have an active BWP in a time, different leg can still be mapped to different BWP. By switching between different uplink BWP, the reliability can be improved.

Option 2: restrict the leg to either SUL or normal UL if the cell is configured with two uplink carriers:

· A simple way for the cell with configured SUL is that one leg is mapped to the SUL and the other leg is mapped to the normal UL. 

Proposal 4 If single cell PDCP duplication is supported, LCP restrictions can be either BWP restriction or SUL restriction
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
No impact to the guaranteed data rate of the bearer configured with CA duplication when duplication is activated or deactivated.
Observation 2
Compared with split bearer, the guaranteed data rate for the bearer configured with DC duplication will be decreased when duplication is activated.
Observation 3
Bj for secondary RLC continues updating when duplication is deactivated, which will cause un-balanced data rate of the two legs for radio bearer when duplication is activated again.
Proposal 1
Two separate PBRs are configured for the LCH, one for the case when duplication is activated and other is used when duplication is deactivated.
Proposal 2
The Bj for the secondary RLC should be reset to the same value of the Bj for the primary RLC when duplication is activated.
Proposal 3
RAN 2 is asked to discuss whether PDCP duplication for a single cell should be supported or not.
Proposal 4
If single cell PDCP duplication is supported, LCP restrictions can be either BWP restriction or SUL restriction
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