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1 Introduction

In RAN2 #99, the following agreement has been made on PDCP duplication, based on chairman notes R2-1710001 [1]:

Agreements

1
We will not support MAC CE activation/deactivation of duplication within LTE MAC.

2
We will not support the CA duplication in LTE 

3
CA duplication is supported for all non-split UM DRBs if the bearer uses NR-PDCP, for all architecture options (apart from cases excluded by 1 and 2)

FFS: for AM DRBs and SRBs

4
DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP, for all architecture options

5
We will not introduce new bearer type changes into RRC, but user plane session can discuss and decide terminology for DC duplication, CA duplication, split bearer operation, etc (Some clarification is needed for how to handle CA duplication within the current bearer type change discussion)

Agreement:

Priority in user plane session for addressing the stage 3 details:

1: UM for DRBs with CA and DC duplication; SRBs (AM) with DC duplication; 

2: SRBs (AM) with CA duplication

3: AM for DRBs with DC duplication

4: AM for DRBs with CA duplication

Agreement:

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.  

2.
1 byte bitmap could be used as duplication activation/deactivation MAC CE

3. 
The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)

Agreements:

-
RLC reports maxNumberofRLC retransmissions are reached to RRC.   

-
For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens

This contribution describes the remaining details in MAC layer for PDCP duplication, especially on the following issues: 
· How to map the MAC CE bitmap of duplication activation/deactivation with duplication SRBs? 

· How to report BSR of duplication data? 
· One or two PBR for duplication leg and original leg?
2 Discussion 
2.1 The mapping between RB and MAC bitmap 
According to RAN2#99 meeting minutes [1], two of the agreements is “1 byte bitmap could be used as duplication activation/deactivation MAC CE” and “The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)”. The second agreement is only mentioned DRB. And RAN2#99 meeting minutes also has the following agreement “DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP”. From this agreement, we could know RAN2 has already agreed that PDCP duplication service could also be applied in SRB. But RAN2 did not mention about how to indicate the activation/deactivation of SRB. Here we discuss the SRB issue. There are two methods as below: 
· One method for SRB activation/deactivation is to use the MAC bitmap of DRB. The MAC bitmap could be used to activate/deactivate not only DRB but also SRB. This solution will depend on how many duplication SRBs and duplication DRBs will be supported simultaneously in NR. If the number of total duplication SRB/DRB will not exceed 8 bits, it is better to indicate the activation/deactivation in the same MAC CE. Otherwise, the MAC bitmap of SRB/DRB duplication activation/deactivation could be expanded to two bytes. 
· Another method for SRB activation/deactivation is using another MAC CE or other method different from MAC CE, and Potevio don’t see the necessary. 
We suggest RAN2 to modify the agreement into the following proposal, “The mapping between SRB/DRB and the MAC bitmap is based on order of SRB/DRB ID(s) of the duplicate configured SRB(s)/DRB(s)”. 
Proposal 1.  The mapping between SRB/DRB and the MAC bitmap is based on the order of SRB/DRB ID(s) of the duplicate configured SRB(S)/DRB(s). 
Proposal 2.
RAN2 discuss how many SRB/DRB configured with duplication function simultaneously. 
2.2 The BSR of duplication 
BSR procedure is used to provide information about the amount of data available for transmission in the UL buffers associated with the MAC entity. The amount of data available includes data in the buffer of PDCP/RLC/MAC layer. The amount of duplication data depends on when the PDCP layer implements the duplicate action. Refer to the figure below, PDCP could duplicate the data before PDCP sends the data to low layer, see in figure below T1, or PDCP duplicates the data when it sends PDU to low layer, refer to T2. 
· Option 1: If PDCP takes the former time to duplicate data, then it needs simply to add the data volume in PDCP when MAC calculates the BSR, but this option wastes the buffer in PDCP. 
· Option 2: If PDCP takes the latter time to duplicate data, then those data will be duplicated only when transmission time. This option won’t waste buffer in PDCP, and need to distinguish logical channel configured duplication function when calculate the amount of data available in PDCP. 

· Option 3: Do not care when the PDCP layer duplicates data and just calculates the current amount of data in buffer. This option is simple, but the BSR could not reflect the actual situation in UE.
Compared the above 3 options, we could know option 1 will waste buffer. Option 2 is a little complex. And option 3 is simple but not actual situation. It seems option 2 is more reasonable solution. Potevio suggests RAN2 to discuss this issue and make a decision. 
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Figure: The time of PDCP duplicate data

Proposal 3.  RAN2 discuss when PDCP duplicates data which needs to be duplicated transmission. . 
In LTE system, each logical channel belongs to a LCG, and BSR only includes the amount data in each LCG. From the BSR information gNB could not identify if there is duplicated data waiting for UL transmission, so gNB may not get accurate information of duplication data to schedule. 
In CA case, the UL grants are for all the UL data in UE, duplication transmission will be bundled with other data. It doesn’t need to distinguish which data is duplicated. In DC case, the duplication data and original data are transmitted in different gNBs. Each gNB needs to send BSR information to gNB. The gNB could schedule UL grants according to the BSR. 

It seems current BSR mechanism is enough for duplication case. Potevio suggests RAN2 discuss if it’s necessary for the gNB to get the accurate information of duplicated data buffer. 
Proposal 4.  UE reports BSR with no more additional solution for duplication data. 
2.3 The PBR for duplication
Since PDCP duplication will be applied for the all data packets of a service for a time period at least, the duplication leg should keep the same PBR as in the original leg. So it will not bring impact on the original leg when the duplication function is deactivated. It is easy implemented for both CA and DC case.
Proposal 5.  The same PBR of original leg will be used in duplication leg. 
3 Summary

Based on the above discussions, we recommend RAN2 to discuss the following proposals: 
Proposal 1.  The mapping between SRB/DRB and the MAC bitmap is based on the order of SRB/DRB ID(s) of the duplicate configured SRB(S)/DRB(s). 

Proposal 2.  RAN2 discuss how many SRB/DRB configured with duplication function simultaneously. 

Proposal 3.  RAN2 discuss when PDCP duplicates data which needs to be duplicated transmission. 
Proposal 4.  UE reports BSR with no more additional solution for duplication data. 

Proposal 5.  The same PBR of original leg will be used in duplication leg.

4 References
[1] R2-1710001, RAN2 #99 meeting minutes.

[2] 3GPP TS 36.300 v14.4.0

_1572158573.vsd
T


Time when PDCP receiving SDU


Time when PDCP sending PDU to lower layer


T1


T2



