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[bookmark: _Ref483927698]Introduction
In the RAN2#99 meeting some decisions were made in the main session (stage 2) regarding the duplication function as follows:
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

And then in the stage 3 UP discussions, some further decisions were made regarding fallback of duplication bearer to split bearer in case of duplication de-activation as follows:
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.  
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)  

With the above decision that duplicated bearer falls back to split bearer, a lot of design simplification should follow which will also minimize the design efforts for supporting duplication on top of split bearer. In this contribution we address the leftover issues of duplication and split bearers by addressing first the common aspects of split and duplication, and then identify the design points that are either split or duplication specifics.
Discussion
1.1. [bookmark: _Ref481312399][bookmark: _Ref485154928]Common aspects of duplication and split bearer (DC)
· RRC configuration of the original and additional leg
When configured, a split bearer is assigned a “default” leg and an additional leg where the latter is used to transmit data only when the amount of data in buffer is higher than a configured threshold. Such configuration is made via the RRC parameter ul-DataSplitDRB-ViaSCG. The very same parameter can be used to configure which of MCG or SCG is the original or additional leg of a duplicated bearer operating in DC.
Proposal 1: In DC, the RRC parameter ul-DataSplitDRB-ViaSCG is commonly used for both split and duplicated bearer for configuring which of MCG or SCG leg is the original (default) leg and which is the additional leg.
· Fallback to single leg and leg switching support
Even though we decided that, upon de-activation, a duplicated bearer falls back to split bearer, it does not mean that the bearer should actually split its data across the two legs. Indeed, the split bearer aggregates two legs to increase its throughput, hence targets eMBB type of traffic. On the contrary, packet duplication was primarily designed in support of URLLC type of traffic. Therefore, the default behavior of a duplication de-activation is rather to use a single leg only. In addition, we also agreed in RAN2#99 that:
=>	A UE with split bearer can be configured to transmit on a single path via RRC signalling.  
Similar to the duplication case, this agreement mandates that a split bearer can be configured to use a single leg only. In both cases, the “single leg” configuration can be supported by simply adding value “infinity” the threshold parameter of a split bearer.
Proposal 2: The split bearer threshold should support the value “infinity”.
· RLC re-establishment upon duplication de-activation
For split bearer, whenever the data available for transmission is below the threshold, the UE sends data via the default (original) RLC entity without resetting the other RLC entity. With the above decision that duplicated bearer falls back to split bearer it seems natural to also keep the same behavior for the duplicated bearer. This anyway makes sense because MAC CE activation/deactivation was introduced to quickly address, amongst other things, fast variations of the radio channel which are expected to be frequent in HF links. Thus, this feature allows a tight and quick control of the duplication, so as to allow the network maintaining an optimal overhead vs robustness trade-off in such links. Therefore we should expect a potential high rate of activation/deactivation via MAC CE. As a result, resetting and re-establishing back and forth the additional RLC entity will be ineffective and will consume UE power unnecessarily.
Proposal 3: Similar to the split bearer case, fall back to the original leg upon duplication de-activation by MAC does not reset the RLC entity of the additional leg.
· Dynamic (MAC-CE based) leg switching
This issue (whether to support or not) has become common to both split and duplicated bearers now. We specifically address it in our companion contribution [1] where we conclude that it should not be supported.
· BSR reporting and data volume determination
Figure 1 shows the duplication model when duplication is activated: the PDCP delivers PDCP PDUs to both RLC entity buffers based on received UL grants from either leg (MCG or SCG). In RAN2 AH NR#2 it was agreed that the LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  No enhancements are needed. However, there are still two possible options regarding the data volume determination:
- Option 1: use the legacy data volume calculation including data buffered at both PDCP and RLC sub-layers
- Option 2: stick to a procedure where only data volume stored in PDCP sub-layer is accounted for.
Note that in legacy LTE both are equivalent since PDCP routing is triggered by UL grants thus (almost) no RLC data is expected pending in RLC buffers. However, in RAN2#99, the following was agreed regarding pre-processing in NR:

=>	The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)  

From this decision, it is clear that the above LTE assumption that all pending data is located in the PDCP sub-layer for split bearer no longer holds true and the amount of pre-routed and pre-processed data might be different in each RLC entity. It also means that “data buffered in RLC sub-layer” in option 1 includes pre-processed RLC SDUs/PDUs. Similarly, for the duplicated bearer, depending on the different channel conditions and loads in the different legs, the amount of pending data will differ in the two RLC transmission buffers (Figure 1). Therefore, the BSR should be able to distinguish the original and additional logical channels of the same radio bearer. 
As a result, option 1 should be selected as the single data volume calculation principle for both split and duplicated bearers.

Proposal 4: For both split and duplication bearers, the data volume calculation accounts for data buffered at both PDCP and RLC sub-layers, including pre-processed RLC SDUs/PDUs.


[bookmark: _Ref481079506]Figure 1: Bearer type model for DC duplication, when activated 
· AM and UM support
Both RLC AM and UM can be configured for MR-DC [2]. In addition, the design of SRBs (AM) with DC duplication was considered to be treated with highest priority for NR UP discussions. Thus, once we have specified the RLC AM behavior for duplicated SRBs, we see no additional work required for specifying and supporting RLC AM behavior of duplicated DRBs.

Observation 1: RLC AM support for duplicated bearer does not distinguish SRBs from DRBs from specification viewpoint.
Proposal 5: RLC AM specification for duplicated bearers applies to both SRBs and DRBs.
1.2. Specific aspects of duplication and split bearer (DC)
1.2.1 Split bearer specific aspects
· Routing
PDCP PDU routing is obviously a function that is only relevant to the split bearer.
· Pre-processing
The restriction on the amount of pre-processed data is primarily relevant for the split bearer to avoid erroneous pre-grant routing and pre-processing. It is less a concern for duplication in activated state, although it does not hurt if similar restriction applies as well. In our companion contribution [3] we propose some mechanism to configure this restriction independently for each DRB, thus providing the flexibility to put more restriction on the split bearer than on the duplicated bearer.
1.2.2 Duplicated bearer specific aspects
· Duplication
PDCP PDU duplication is obviously a function that is only relevant to the duplicated bearer, when activated.
· RLC SDU discard
One of the key motivations of the duplication feature is to take profit of multiples legs to deliver to upper layers packets always from the fastest leg. However, the resulting drawback is that the “slower” packets need to be discarded at some point to avoid both RLC Tx buffer overflow and useless transmissions. Indeed, even in the CA case, the LCP will address both logical channels of the duplicated bearer independently. As a result, a “working fine” leg continuously calls for new PDCP PDUs which, being duplicated, end-up overflowing the other leg, which is “slow”. Therefore the UE is expected to implement some RLC SDU discard mechanism based on successfully received SDUs on the faster leg. At first glance, such monitoring of successful SDUs is left to UE implementation (e.g. based on ARQ or HARQ feedback).
Another case of SDU discard is upon duplication de-activation. Indeed, upon re-activation, previously pending RLC SDUs may create a bottleneck for the newly duplicated SDUs in the additional leg. Hence, when de-activated, the transmitting RLC entity should discard the pending RLC SDUs except, in AM, those that have already been sent but not ACK’ed yet (see Figure 2). This further minimizes the amount of leftover RLC SDUs to transmit.


[bookmark: _Ref493784608]Figure 2: Bearer type model for DC duplication, when de-activated 
One consequence of proposal 4 is that discarding of successfully received RLC SDUs must now be captured in the specification rather than left to UE implementation otherwise different UEs would provide different buffer status reports in same load and radio conditions, which is not fair.
Proposal 6: RLC SDU discard in one leg upon successful reception in the other leg or upon leg de-activation shall be captured in the specification.
· MAC CE activation de-activation
This function is also specific to duplicated bearers. We elaborate further on the MAC CE format and associated UE behavior in our contribution [4].
· SRB support
One specific aspect of the duplicated bearer also is the SRB support for which the fallback to split bearer never happens.
· Initial state
The initial state after duplication configuration has been discussed for some time but no conclusion has been reached.
For the initial state, there are three options: 1) the initial state is duplication inactive; 2) the initial state is duplication active; 3) the initial state is configured by gNB per DRB.
Packet duplication is introduced for URLLC RB at first and it is extended to be used for eMBB RB because of the benefit of high reliability and low latency. For URLLC RB, it is better to be duplicated transmission from the first data packet due to the requirement of low latency. For eMBB RB, it is possible that the packet duplication is not active when configured and gNB could activate the duplication due to some factors, such as the channel condition of the UE, many unused resources in the cell, and etc. Then the initial state could be configured by gNB per RB.
Proposal 7: The initial state (duplication on/off) is configured by RRC per DRB.
1.3. CA duplication
Both specification and development efforts should be minimized by keeping the same functionality and procedures for CA and DC duplication. This includes:
· Same MAC CE format should be used for both CA and DC
· AM and UM support for DC should also benefit to CA 
· SRB support for DC should also benefit to CA
· No RLC re-establishment upon de-activation
· Discard of RLC SDUs either in de-activated leg or successfully received
· The initial state (duplication on/off) is configured by RRC per DRB

Proposal 8: CA and DC duplication should maximize the commonalities among procedures and functions, including:
· Same activation/de-activation MAC CE format should be used for both CA and DC
· AM and UM support for DC should also benefit to CA 
· SRB support for DC should also benefit to CA
· No RLC re-establishment upon de-activation
· Discard of RLC SDUs either in de-activated leg or successfully received
· The initial state (duplication on/off) is configured by RRC per DRB
Conclusion
In this contribution, we analyze some remaining issues of duplicated and split bearers, resulting in the following observation and proposals:
Proposal 1: In DC, the RRC parameter ul-DataSplitDRB-ViaSCG is commonly used for both split and duplicated bearer for configuring which of MCG or SCG leg is the original (default) leg and which is the additional leg.
Proposal 2: The split bearer threshold should support the value “infinity”.
Proposal 3: Similar to the split bearer case, fall back to the original leg upon duplication de-activation by MAC does not reset the RLC entity of the additional leg.
Proposal 4: For both split and duplication bearers, the data volume calculation accounts for data buffered at both PDCP and RLC sub-layers, including pre-processed RLC SDUs/PDUs.
Observation 1: RLC AM support for duplicated bearer does not distinguish SRBs from DRBs from specification viewpoint.
Proposal 5: RLC AM specification for duplicated bearers applies to both SRBs and DRBs.
Proposal 6: RLC SDU discard in one leg upon successful reception in the other leg or upon leg de-activation shall be captured in the specification.
Proposal 7: The initial state (duplication on/off) is configured by RRC per DRB.
Proposal 8: CA and DC duplication should maximize the commonalities among procedures and functions, including:
· Same activation/de-activation MAC CE format should be used for both CA and DC
· AM and UM support for DC should also benefit to CA 
· SRB support for DC should also benefit to CA
· No RLC re-establishment upon de-activation
· Discard of RLC SDUs either in de-activated leg or successfully received
· The initial state (duplication on/off) is configured by RRC per DRB
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