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1. Introduction

In the WID for NR IIoT [1], the following objectives for PDCP duplication enhancements are listed:
	1. The detailed objectives for 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].


Besides, in RAN2#106 meeting, the following agreements about PDCP duplication enhancements were achieved [2]:

	· Intention is that Copies are sent on different legs 
· Dynamic Network control of DRB duplication is by MAC CE

· By the MAC CE, Network to control which of the configured RLC entities that is/are active

· Support the case that no of copies = no of active RLC entities


In this contribution, we discuss issues about how MAC CE can be designed to dynamically control the usage of up to 4 legs for PDCP duplication in NR IIoT.
2. Discussion
There are two duplication cases in NR R15, i.e. CA duplication and DC duplication. Two legs are configured for a DRB for PDCP duplication, and one leg should be indicated as the primary leg. The primary leg is always used for transmission, not matter whether duplication is activated or not. When duplication is activated for a DRB, duplicated PDCP PDUs are sent through the two legs. If a DRB configured with DC duplication is deactivated, the DRB will fall back to DC split operation. In contrary, if a DRB configured with CA duplication is deactivated, only the primary leg is used for packet transmission.
The intention to support up to 4 legs in certain architectural deployment scenarios is to give the NW sufficient freedom, when operating in different radio conditions to achieve the required reliability. More legs being used means more radio resources being occupied for a packet transmission, which scarifies resource efficiency to improve reliability. The radio link qualities dynamically vary in terms of reliability and latency. In order to avoid excessive occupancy of radio resources, it is beneficial to use as few legs as possible provided reliability can be satisfied. We think the NW should be able to flexibly choose the appropriate legs to be used for transmission. If we inherit the principle that a primary leg is configured and always used for a DRB, for which up to 4 legs are configured, there will be a restriction for the usage of legs. For example, when three legs are configured for CA duplication for a DRB, and one leg is indicated as the primary leg. If the radio links corresponding to the primary leg is not reliable, while the other two legs are sufficient for the reliability requirement, then the usage of the primary leg will incur unnecessary waste of resource.
Based on the above consideration, we propose to not configure primary leg for a DRB, in order to flexibly control how a subset of configured legs are used. Thus, any one of the configured legs can be activated or deactivated.
Proposal 1: No primary leg is configured when the DRB is configured with duplication of more than 2 legs.

In NR R15, PDCP control PDUs are only delivered to the primary leg. If no primary leg is configured for a DRB in NR R16, PDCP control PDUs can be delivered by considering the following options：
Option-1: PDCP control PDUs are also duplicated, and delivered through all activated leg.

Option-2: PDCP control PDUs can be delivered to only one of the activated legs.

In the current spec, PDCP control PDUs do not contain SN. If PDCP control PDUs are duplicated in the transmitting side, it is impossible to implement duplication detection in the receiving side. For the current supported PDCP control PDUs, i.e. PDCP status report and interspersed RoHC feedback, there seems to be no problem if PDCP control PDUs are handled twice in the receiving side. But there may be other PDCP control PDUs introduced in the future, and it is unforeseeable whether there will be issues incurred if the newly introduced control PDUs are handled multiple times in the receiving side. Hence, we can adopt the above option-2, i.e. restricting PDCP control PDUs to be delivered to only one of the activated legs. As for which specific activated leg is used to deliver PDCP control PDUs, a random selected leg among the activated legs or up to UE implementation can be considered. Details can be further discussed.
Proposal 2: PDCP control PDUs can be delivered to only one of the activated legs. Details can be further discussed.

In NR R15, the duplication activation/deactivation MAC CE contains a bitmap, and each bit indicates the activation/deactivation status of the PDCP duplication of a specific DRB. Since the primary leg of the DRB is indicated by RRC and always used, then such bit can be viewed as an indication whether the secondary leg is used for duplication transmission. In TR 38.825 [3], it is captured that “use of more than two copies is not expected to be a common configuration”. However, from a standard’s perspective, we think a unified activation/deactivation command should be supported to control the use of more than two copies. Considering up to 4 legs can be configured and no primary leg is indicated for a DRB, we think a 4-bits activation/deactivation command can be used to control the duplication status of a specific DRB. In the command, each bit represents whether a specific leg is used for duplication transmission.
Proposal 3: A 4-bits bitmap can be used to control the duplication activation/deactivation of a specific DRB, and each bit represents whether a specific leg is used for duplication transmission or not.

In CA duplication case, the LCIDs of the legs are allocated by one gNB, and the LCID of each leg is different with that of other legs. We think the 4-bits in the activation/deactivation command can be ranked in the ascending order of the LCIDs of the legs configured for the DRB. A bit set to ‘1’ indicates the corresponding leg is used for duplication transmission, otherwise not. When two or more bits are set to ‘1’, these multiple legs are used for duplication transmission. While only one bit is set to ‘1’, then CA duplication is deactivated, and only the leg associated with this bit can be used for data transmission. Take the following Fig.1 as an example, 4 legs are configured for DRB 1 for CA duplication, and the LCIDs of these legs are 1,2,3,4. In the 4-bits command, the first bit corresponds to the leg associated with LCH 1, and the second bit corresponds to the leg associated with LCH 2, and so on. The 4-bits command shown in Fig.1 means the legs associated with LCH 1 and LCH 4 are used for duplication transmission.
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Fig.1 4-bits to indicate duplication status for CA duplication
Proposal 4: In CA duplication case, the 4-bits are mapped to logical channels in a cell group in the ascending order of LCIDs.

In DC+CA duplication case, the LCIDs of the legs in MCG and SCG are allocated by MgNB and SgNB, separately. It is possible that one leg in MCG and another leg in SCG are allocated with the same LCID. In this case, the 4-bits can be ranked considering the ascending order of both cell group IDs and LCIDs. In the 4-bits, the first m bits represent the configured m legs in MCG for a DRB, and ranked in the ascending order of the LCIDs associated with these legs. Then the following n bits represent the configured n legs in SCG for the DRB, and also ranked in the ascending order of the LCIDs associated with these legs. The usage of the 4-bits in this case is similar to that in CA duplication case, such as a bit set to ‘1’ indicates the corresponding leg is used for data transmission, otherwise not. 
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Fig.2 4-bits to indicate duplication status for DC+CA duplication
Take Fig.2 as an example of activation/deactivation command for DC+CA duplication case. There are 4 legs configured for DRB 1. The LCIDs associated with the legs in MCG are 1 and 2. The LCIDs associated with the legs in SCG are also 1 and 2. In the 4-bits command, the first two bits correspond to the legs associated with LCH 1 and LCH 2 in MCG, and the last two bits correspond to the legs associated with LCH 1 and LCH 2 in SCG. The 4-bits command shown in Fig.2 means the specific leg associated with LCH 1 in MCG and the leg associated with LCH 2 in SCG are used for duplication transmission.

Proposal 5: In DC+CA duplication case, the 4-bits are mapped to logical channels of both cell groups considering the ascending order of both cell group IDs and LCIDs.

In the objectives for PDCP duplication enhancements, we need to specify PDCP duplication with up to 4 legs are configured. For some DRBs, less than 4 legs may be configured. In the 4-bits command targeting for a DRB configured with less than 4 legs, only the bits corresponding to configured legs are valid. For example, if a DRB is configured with 3 legs, then the fourth bit in the command can be ignored.
Proposal 6: When n<4 legs are configured for a DRB, only the first n bits corresponding to the configured LCHs are valid.

Another issue is that whether a MAC CE can be used to control duplication activation/deactivation of only one DRB or multiple DRBs. Given the common understanding is that “use of more than two copies is not expected to be a common configuration”, it is slightly preferred to use one MAC CE to only control a single DRB. Multiple MAC CEs can be sent if the network needs to change duplication status of multiple DRBs. In this sense, DRB ID is also included in the MAC CE.
Proposal 7: One MAC CE is used to control the duplication activation/deactivation of a single DRB. 
Based on the above considerations, the following MAC CE format illustrated in Fig.3 can be adopted as multiple legs duplication activation/deactivation MAC CE. A new LCID different from that used for PDCP duplication activation/deactivation MAC CE in Rel-15 should be introduced. The field DRB index indicates which DRB is targeted for by the MAC CE. In NR Rel-15, DRB ID is represented by 5 bits, which is not friendly for byte alignment design of such MAC CE. The DRB index indicates the ascending order of the DRB ID among the DRBs configured with multiple legs duplication associated with the MAC entity. Assuming maximal 8 DRBs can be configured with multiple legs duplication, DRB index field can be represented by 3 bits. The field Li indicates the activation/deactivation status of logical channel i. In CA duplication case, i is the ascending order of LCID among all logical channels associated with the DRB. In DC duplication case, the logical channels can be considered to be ranked considering the ascending order of both cell group IDs and LCIDs, based on proposal 5. Then, i means the ith logical channel among the ranked logical channels. 
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Fig.3 illustration of multiple legs duplication activation/deactivation MAC CE
3. Conclusion

In this contribution, we discussed issues about how MAC CE can be designed to dynamically control the usage of legs for PDCP duplication in NR IIoT, and made the following proposals:
Proposal 1: No primary leg is configured when the DRB is configured with duplication of more than 2 legs.

Proposal 2: PDCP control PDUs can be delivered to only one of the activated legs. Details can be further discussed.

Proposal 3: A 4-bits bitmap can be used to control the duplication activation/deactivation of a specific DRB, and each bit represents whether a specific leg is used for duplication transmission or not.

Proposal 4: In CA duplication case, the 4-bits are mapped to logical channels in a cell group in the ascending order of LCIDs.

Proposal 5: In DC+CA duplication case, the 4-bits are mapped to logical channels of both cell groups considering the ascending order of both cell group IDs and LCIDs.

Proposal 6: When n<4 legs are configured for a DRB, only the first n bits corresponding to the configured LCHs are valid.

Proposal 7: One MAC CE is used to control the duplication activation/deactivation of a single DRB. 
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