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Introduction
PDCP duplication has been introduced in NR. It is beneficial for latency reduction, reliability improvement, and HO enhancement. In this contribution, we discuss the applicable RLC modes for duplication and analyze corresponding impacts.
Discussion
PDCP duplication could be used in CA and DC. In DC, PDCP duplication is implemented via split bearer. RLC UM bearers in split mode are not supported in LTE. However, in RAN2#97 meeting, it was agreed:
	Agreements
1    NR RLC supports three transmission modes, i.e., AM, UM and TM.
2    Split bearers support RLC UM mode besides RLC AM mode. 


Then PDCP duplication could be applied to both RLC AM bearers and RLC UM bearers in DC.
In CA, because one of the most important purposes of PDCP duplication is to meet the ultra-low latency, PDCP duplication should be used for RLC UM bearers. For the purposes of high reliability and HO enhancement, RLC AM bearers should be configured as PDCP duplicated transmission too. So, PDCP duplication could be used for RLC AM bearers and RLC UM bearers in CA.
Proposal 1: PDCP duplication can be configured irrespective of the RLC mode of the DRB.
Moreover, it looks straightforward to assume that both legs of a duplicated DRB should be configured with the same RLC mode. This simplifies the configuration and we don’t see any usecase justifying a different configuration.  
Proposal 2: Both LCHs of a duplicated DRB should be configured with the same RLC mode.
While PDCP duplication is used for RLC UM bearers, there are some impacts on UM design: 1) PDCP status report; 2) PDCP structure.
1) PDCP status report for RLC UM
While PDCP duplication is activated, data in one RB will be transmitted in two legs (logical channels) in duplicated way. Then the radio resource consumption will be doubled when original and duplicate packets are transmitted simultaneously. Then, when some PDCP PDUs are transmitted successfully in one leg, it is better for the receiver to inform the transmitter of the received PDCP PDUs. Since the duplication is implemented in PDCP sub-layer, PDCP status report is a natural choice for the information of the received PDCP PDUs.
PDCP status report in PDCP duplication has at least below benefits: 
· It avoids unnecessary resource waste when PDCP PDUs are transmitted successfully in one leg.
· It accelerates data transmission procedure by transmitting the new PDCP PDU timely.
· It can help to detect the leg imbalance and network can adjust the duplication according to it.
The details are discussed in [1] .
Proposal 2: PDCP status report should be used in UM as well as AM.
2) PDCP structure
In LTE, the PDCP structure is shown as below. And it is stated that “Each RB (i.e. DRB, SLRB and SRB, except for SRB0 and SRB1bis) is associated with one PDCP entity. Each PDCP entity is associated with one or two (one for each direction) RLC entities depending on the RB characteristic (i.e. uni-directional or bi-directional) and RLC mode. For split bearers, each PDCP entity is associated with two AM RLC entities. For LWA bearers, each PDCP entity is associated with an AM RLC entity and the LWAAP entity. The PDCP entities are located in the PDCP sublayer.” [2] 


Figure 1 PDCP structure in LTE
When PDCP duplication is introduced, there are two logical channels corresponding to one radio bearer. For RLC AM RB, there should be two bi-directional RLC AM entities associated with one PDCP entity. For bi-directional RLC UM RB, there should be two pairs of RLC UM entities associated to one radio bearer. The PDCP structure is shown in Figure 2.



[bookmark: _Ref481079506]Figure 2 PDCP structure for PDCP duplication (1)
For uni-directional RLC UM RB, we need to discuss whether a reverse direction entity is needed in PDCP duplication. According to above discussion, PDCP status report is needed in PDCP duplication. Then the reverse direction entity for transmitting the feedback information is needed for the uni-directional RLC UM RB.
There are 2 possible options for the PDCP structure of uni-directional RLC UM RB with feedback:
· Option 1: two pairs of RLC UM entities for the duplicated RB as shown in Figure 2. Each leg has its own feedback RLC UM entity in the reverse direction. It is applicable to PDCP duplication in DC especially. 
· Option 2: one RLC UM entity in the reverse direction corresponds to the two RLC UM entities for the two legs as shown in Figure 3. The reverse direction RLC UM entity is used to transmit the feedback information of duplication, such as PDCP status report. This option is only applicable to PDCP duplication in CA.


[bookmark: _Ref481081609]Figure 3 PDCP structure for PDCP duplication (2)
There are less logical channels in option 2 than that in option 1. However, the option 2 can be used only for the uni-directional RLC UM RBs in CA. Option 1 could be a common PDCP structure for all cases. Then we prefer to take the PDCP structure in Figure 2.
Proposal 3: adopt the PDCP structure in Figure 2 for PDCP duplication:
· Two bi-directional RLC AM entities for one duplicated RLC AM bearer;
· Two pairs of RLC UM entities for one duplicated RLC UM bearer, including bi-directional and uni-directional RLC UM bearer.
Conclusion
In this contribution, we discuss the impacts of PDCP duplication on RLC modes and get below proposals.
Proposal 1: PDCP duplication can be configured irrespective of the RLC mode of the DRB.
Proposal 2: Both LCHs of a duplicated DRB should be configured with the same RLC mode.
Proposal 3: PDCP status report should be used in UM as well as AM.
Proposal 4: adopt the PDCP structure in Figure 2 for PDCP duplication:
· Two bi-directional RLC AM entities for one duplicated RLC AM bearer;
· Two pairs of RLC UM entities for one duplicated RLC UM bearer, including bi-directional and uni-directional RLC UM bearer.
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