


3GPP TSG-RAN WG2 Meeting #105bis	R2-1904075
Xi’an, China, 8 – 12 April 2019	


Agenda item:	11.7.4
Source:	Nokia, Nokia Shanghai Bell
Title:	Dynamic Adaptation of PDCP Duplication
WID/SID:	NR_IIOT
Document for:	Discussion and Decision
1	Introduction
In the WID of NR IIoT [1], the following scope relating to PDCP duplication enhancement has been identified:
	1. The detailed objectives for NR PDCP duplication enhancements are:
· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].




To improve reliability/latency performance of PDCP duplication, it has been concluded in the SI phase that enhancement on supporting up to 4 RLC entities per DRB could be specified in Rel-16. Nevertheless, it is questionable whether all of the RLC entities should be activated concurrently, as transmitting more than 2 copies of PDCP PDUs result in higher resource consumption but the performance improvement of which is not confirmed to be worthwhile. On the other hand, configuring multiple RLC entities with dynamic control among them (e.g. dynamic activating a subset of RLC entities and/or carriers) may be beneficial in terms of achieving better performance compared to Rel-15 without using more radio resources. 
This contribution aims to discuss the mechanisms that can be specified in Rel-16 to support dynamic adaptation among the configured RLC entities for PDCP duplication, for both DL and UL cases.
2	Discussion
2.1	DL PDCP Duplication with Leg Selection in DC/CA Combination
According to the conclusions of the NR IIoT SI, PDCP duplication enhancement such as featuring up to 4 RLC entities, should be supported in architectures including CA-only and NR-DC in combination with CA. For the gNB with centralized architecture (where all RAN protocol stacks are co-located) at least, configuration and activation of RLC entities at a gNB should be an implementation issue. Thus, for DL PDCP duplication, this contribution focusses on NR-DC in combination with CA. In such architecture, in total 4 RLC entities should be configured across the two nodes namely MgNB and SgNB. Furthermore, dynamic control among the configured RLC entities could be enabled to optimize efficiency/performance. For instance, instead of activating all configured RLC entities, dynamic switching of RLC entitiy subset could be enabled to realize more a flexble operation of PDCP duplication. An illustration of the  considered scenario is shown in Figure 1, where two RLC entities are configured in each of the nodes for the sake of duplication.
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[bookmark: _Ref3884556]Figure 1 An illustration of PDCP duplication enhancement with 4 RLC entities for NR-DC/CA Combination.
This is assumed that both nodes (MgNB and SgNB) have already configured at least one serving cells, so CA can be enabled at either or both of the nodes. Moreover, in order to increase the frequency diversity gain, each serving cell could be restricted to the logical channel (LCH) from a specific configured RLC entity. Although mapping between DL LCH and serving cells could be a implementation issue, it is sensible that such restriction can be applied to improve the diversity as well as avoiding duplicated packets to interfere with each other.
To enable PDCP duplication scheme with up to 4 RLC entities configured across two separate nodes as described above, we see a few different options for controlling (as well as intitial configuration), including the following:
· Option 1: Fully-Centralized Control
In this option, one of the two nodes makes all decisions on configuration and dynamic control. The decision-making node should forward the required information to another node in order to operate properly. For example, the MgNB may decide the explict subset of RLC entities that should be activated at the SgNB as well as the serving cells that the SgNB should be used correspondingly for PDCP duplication. In this case, the SgNB simply follow whatever has been instructed by the MgNB to carry out DL transmission of duplicated packets.
 
· Option 2: Partially-Centralized Control
In this option, one of the two nodes makes certain decisions on configuration and dynamic control for another node, and then forward certain information to another node for it to make further decisions based on its own discretion. For example, the MgNB may simply decide the maximum number of RLC entities that could be configured/activated at the SgNB (based on the number of RLC entities that have already established at the MgNB itself) and forward such decision over the Xn interface. Upon the reception of such information, the SgNB may select the RLC entity subset and the corresponding serving cells accordingly based on the knowledge relating to its own traffic loading and radio link quality etc.

· Option 3: Fully-Distributed Control
In this option, both MgNB and SgNB operate independently for both RLC entitiy configuration and activation, without coordination except for sharing PDCP PDU copies (from the MgNB to the SgNB) over the Xn interface.
Since the maximum number of RLC entities that can be configured for PDCP duplication of a radio bearer is limited to 4, fully-distributed control (Option 3) may result in excessive configuration as well as activation. Also, selection of serving cells corresponding these RLC entities in an uncoordinated manner may result in interference-heavy DL channel and lack of frequency diversity.  Hence, Option 3 should be precluded and we should only consider the options that require certain coordination between the nodes (i.e. Options 1 and 2).
Proposal 1: 
For DL PDCP Duplication based on NR-DC in combination with CA, control of configuration/activation of RLC entities should be realized based on certain coordination between MgNB and SgNB, such as
· Option 1: Fully-Centralized Control
· Option 2: Partially-Centralized Control
Note that whether using Option 1 or Option 2 should take the deployment scenario into account, such as if the serving cells on the MgNB and SgNB overlap in frequency. Depending on how the coordination between MgNB and SgNB should be conducted, different types of information should be exchanged between the two nodes over the Xn interface. From RAN2’s perspective, the decision to be made by each of the involved node should be specified, as well as the information to be exchanged. The detailed signaling aspects of the Xn interface, however, is a RAN3 scope. Hence, the RAN2 should first agree the coordination mode and the associated information that should be exchanged for DL PDCP duplication based on NR-DC combination with CA, then an LS chould be sent to RAN3 to initiate the specification on messages for the Xn interface. 
Proposal 2: 
RAN2 should first determine the coordination mode between MgNB and SgNB, as well as information to be exchanged between the two nodes, for DL PDCP Duplication based on NR-DC in combination with CA. An LS should be sent to RAN3 for further specification of Xn interface based on the requirements identified by RAN2. 

2.2 	UL PDCP Duplication with Dynamic Control
For UL cases, the similar arguments on configuration of up to 4 RLC entities can be applied. In particular, configuring more than 2 RLC entities may be beneficial in terms of performance improvement, and flexible switching of the legs among these configured RLC entities could be a cost-effective approach to achieve higher diversity gain. Having said that, due to the issues such as resource constraints and implementation complexity of a mobile terminal, it is questionable whether establishing more than 2 RLC entities at the UE is a viable option for uplink PDCP duplication in views of complexity and cost. From this perspective, if the ultimate goal of configuring more than 2 RLC entities for a DRB is simply to achieve flexible duplication via dynamic leg switching, then actually it can still be achieved even if there are only 2 RLC entities established for uplink. More specifically, as long as the allowed serving cell for one (or both) of the LCHs (corresponding to the 2 RLC entities) can be changed dynamically, the goal similar to of switching the active RLC entities can be reached with much lower processing and implementation complexities.
Observation 1: 
Dynamic switching of allowed serving cell for one (or both) of the LCHs corresponding to the 2 RLC entities could be a more cost-effective alternative for UL PDCP duplication, as compared to schemes based on dynamic leg switching among more than 2  RLC entities.
In summary, we think flexible uplink PDCP duplication exploiting leg pair switching could be realized via two possible options (as illustrated in Figure 1):
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Figure 2 The two alternative options to realize flexible duplications.
· Option 1: Establish (with RRC configuration) n>2 RLC entities, and dynamically select a pair (m=2) of RLC entities.
· [bookmark: _GoBack]Option 2: Establish (with RRC configuration) n=2 RLC entities, and dynamically switching the carrier that either or both corresponding LCH(s) can be mapped to.
For uplink, Option 2 could be more suitable as establishing too many RLC entities is less desirable for UEs, considering resource constraints and implementation complexity. Hence, uplink PDCP duplication with Option 2 should be specified.
Proposal 3: 
For UL PDCP Duplication, dynamic switching of LCH mapping restrictions relating to allowed serving cell(s) for each LCH should be supported.
In addition to switching of RLC entity or allowed serving cell(s) per LCH at the UE, it is also possible to dynamically adapt the LCP parameters of one or more LCHs relating to duplication for a DRB, depending on prevailing status such as data transmission performance. For instance, when the LCH associating to the primary RLC entity (primary LCH) is mapped to a serving cell with good radio link quality and hence meeting the target performance easily, it is less necessary for data from the LCH associating to the secondary RLC entity (secondary LCH) to consume more radio resources. Therefore, the LCP parameters such as priority and/or PBR of the secondary LCH could be decreased temporarily, so more spare radio resources can become available for other traffics to use. The LCP parameters of the LCH could be switched back to the default setting again based on certain timer or triggering condition.
Proposal 4: 
For UL PDCP Duplication, dynamic adaptation of LCP parameter(s) for each LCH should be supported.
In all cases of dynamic control for UL duplication mentioned above, including switching of RLC entities, switching of allowed serving cells, and switching of LCP parameters per LCH, the control mechanism can be enabled based on the following alternatives:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
In the alternative based on gNB-control (Alt. 1), the gNB may dynamically send a DL control signal such as MAC CE to change the UE behavior toward UL PDCP duplication. For Alt. 2, on the other hand, a UE could autonomously change the settings relating to UL PDCP duplication based on whether certain pre-configured (via RRC) criteria are met. Apparently, Alt. 1 is easier from a system point of view as the gNB is able to govern the UE behavior. However, Alt.2 is advantageous in terms of faster reaction time and lower overhead of dynamic signaling. Hence, Alt. 3 with certain optimizations could be considered, so the setting relating to UL PDCP duplication can be dynamically changed based on both instructions from the gNB and pre-configured criteria. Moreover, depending on the type of adaptation, different control mechanism can be applied.
Proposal 5: 
To dynamically control the setting (e.g. selection of RLC entity, allowed serving cell, and LCP parameters) for UL PDCP duplication, the following alternatives of controlling mechanisms can be considered depending on the type of adaptation:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
3	Conclusions
This paper considers dynamic adaptation of PDCP duplication for both DL and UL PDCP duplication enhancement to be specificed in Rel-16. 
For DL PDCP duplication based on NR-DC in combination with CA, we have the following proposals:
Proposal 1: 
For DL PDCP Duplication based on NR-DC in combination with CA, control of configuration/activation of RLC entities should be realized based on certain coordination between MgNB and SgNB, such as
· Option 1: Fully-Centralized Control
· Option 2: Partially-Centralized Control
Proposal 2: 
RAN2 should first determine the coordination mode between MgNB and SgNB, as well as information to be exchanged between the two nodes, for DL PDCP Duplication based on NR-DC in combination with CA. An LS should be sent to RAN3 for further specification of Xn interface based on the requirements identified by RAN2. 

For UL PDCP duplication, we have made the following observation:
Observation 1: 
Dynamic switching of allowed serving cell for one (or both) of the LCHs corresponding to the 2 RLC entities could be a more cost-effective alternative for UL PDCP duplication, as compared to schemes based on dynamic leg switching among more than 2  RLC entities.
In our views, both allowed serving cells and LCP parameters per LCH relating to UL PDCP duplication could be dynamically modified in accordance to the prevailing status of the operation. Hence we have the following proposals:
Proposal 3: 
For UL PDCP Duplication, dynamic switching of LCH mapping restrictions relating to allowed serving cell(s) for each LCH should be supported.
Proposal 4: 
For UL PDCP Duplication, dynamic adaptation of LCP parameter(s) for each LCH should be supported.
Finally, we also shared our views on the possible alternatives of control mechanisms:
Proposal 5: 
To dynamically control the setting (e.g. selection of RLC entity, allowed serving cell, and LCP parameters) for UL PDCP duplication, the following alternatives of controlling mechanisms can be considered depending on the type of adaptation:
· Alt 1: Control by gNB, 
· Alt 2: Triggered by UE based on pre-configured criteria,
· Alt 3: Combination between Alt 1 and Alt 2.
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