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Introduction
In this contribution, we discuss how PDCP calculates data available for transmission for BSR reporting when duplication function is employed. Thereby we propose a unified procedure for duplication both DC and CA. The following agreements had been reached:
RAN2#97bis 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.
3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)
4:	PDCP duplication solution for CA requires only one MAC entity.
5	logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA). 
NR AH June 2017 agreements, PDCP related:
1.	The LTE threshold based mechanism is used for UL bearer split.   
2.	Pre-processing is allowed in the split bearer case, similar to single carrier case.  How much pre-processing is done is left to UE implementation.   
3. 	PDCP should ensure that not more than half PDCP SN space is allocated
NR AH June 2017 agreements, MAC related:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  
4.   Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  
FFS if fall back to split bearer is supported for DC .
[bookmark: _Ref178064866]Discussion
BSR reporting is used to provide the serving gNB with information about the amount of data available for transmission in UL. BSR reporting is per MAC entity. In LTE, in a long BSR, the buffer sizes are indicated per logical channel group, where logical channels can be associated to a logical channel group (LCG). 
The buffer status report per LCG consists of data available for transmission as indicated by RLC and PDCP associated with the respective logical channels of this group. Here we discuss how the data available for transmission is calculated on PDCP. In the upper part of Figure 1, the standardized mechanism for the non-split bearer and the split bearer is illustrated. In DC, for the split bearer, if the amount of data on PDCP is below the split threshold, data is indicated only to the configured prioritized cell group (logical channel), while when data is above the threshold, all data is indicated to both cell groups. In this way, the same data is reported twice to the network when data volume is above the threshold. It is up to network implementation to avoid potential over-scheduling in this case. 
For transmission of duplicate data from PDCP to the RLCs of the involved logical channels, we assume that PDCP keeps the data on PDCP until an UL grant is received for transmission on the respective logical channels. This way, data is not pushed down to RLCs prematurely and cannot get stuck there in case no grant is received. This behaviour furthermore helps in avoiding redundant duplicate transmissions via an RLC, in case data is already acknowledged as successfully transmitted via another RLC. Aspects of duplicate transmission are further analysed in our contribution [1], while we focus on aspects for the PDCP data volume calculation for BSR reporting in this paper.
If duplication is activated on PDCP, the data will be eventually transmitted via both logical channels. This is the same in DC and CA. It appears therefore straight forward to indicate in the per-LCG BSR the PDCP data which was not yet transmitted via the logical channel of the LCG. This will eventually lead to reporting data on PDCP twice, which is correct, since the data will eventually also be transmitted twice. This procedure is illustrated in Figure 1 for CA and DC, respectively. While the BSR reporting as such is different between DC and CA, i.e. in DC two MAC entities with each their own BSR procedures exist while in CA, one MAC entity with its one BSR procedure reports buffer status for different LCGs, the BSR procedure as such as well as the PDCP procedure to report data for transmission is the same.
[image: ]
Figure 1: BSR reporting in CA, DC with and without duplication.
As described above and illustrated in Figure 1, we propose:
[bookmark: _Toc484007904][bookmark: _Toc490055736]The PDCP procedure “Data volume calculation” is the same in CA and DC duplication.
[bookmark: _Toc484007905][bookmark: _Toc490055737]PDCP in duplication reports the following data as available for transmission for BSR reporting of a particular LCG: 
[bookmark: _Toc484007906][bookmark: _Toc490055738]- only data that had not yet been confirmed to be successful delivered by any logical channel, and:
[bookmark: _Toc484007907][bookmark: _Toc490055739]- only data that had not yet been transmitted to the logical channel of the LCG for which the BSR is constructed.
This will lead to PDCP data reported twice, i.e. once for each LCG. Below we provide a text proposal for the “Data volume calculation” procedure on PDCP, implementing the discussed proposals.
Text proposal for PDCP 
Track changes are applied on the current draft TS 38.323, v0.2.
[bookmark: _Toc486851299][bookmark: _Toc478029706][bookmark: _Toc477873870]5.6	Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider PDCP Control PDUs, as well as the following as PDCP data volume:
For SDUs for which no PDU has been submitted to lower layers:
-	the SDU itself, if the SDU has not yet been processed by PDCP, or
[bookmark: _GoBack]-	the PDU if the SDU has been processed by PDCP.
If pdcpDuplication is configured and activated, for SDUs for which a PDU has been submitted to lower layers associated with a first logical channel, for the purpose of MAC buffer status reporting associated with a second logical channel:
-	the PDU, if the PDU had not yet been confirmed to be successfully delivered by lower layers.
Editor’s Note: Other SDUs and PDUs that are considered as PDCP data volume are FFS.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The PDCP procedure “Data volume calculation” is the same in CA and DC duplication.
Proposal 2	PDCP in duplication reports the following data as available for transmission for BSR reporting of a particular LCG:
	- only data that had not yet been confirmed to be successful delivered by any logical channel, and:
	- only data that had not yet been transmitted to the logical channel of the LCG for which the BSR is constructed.
[bookmark: _In-sequence_SDU_delivery]
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