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1 Introduction

In RAN2 #98 Hangzhou meeting, it was agreed to use MAC CE for controlling uplink duplication:
Agreement

=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Then in RAN2 #ah2 Qingdao meeting, it was further agreed:

Agreements:

1:
MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 

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.  

In RAN2 #99 Berlin meeting, regarding the format of duplication activation/deactivation MAC CE, it was agreed that:

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)  
In this contribution, we further discuss the following aspects based on the current agreement:

· Confirm that there are eight fields for the duplication control MAC CE but MAC entity can ignore some of them;

· Order of the bitmap is based on the ascending order of the DRB ID(s) of the relevant duplicated configured DRB(s);

· How to map the DRB ID(s) to the bitmap of the received MAC CE.
Besides these aspects, we also provide the text proposal on duplication activation/deactivation MAC CE and MAC CE format for TS 38.321 in appendix.
2 Discussion
In RAN2 #99 meeting, it was agreed that 1 byte bitmap in the MAC CE can be used for the duplication activation or deactivation. Since the number of DRB(s) which are configured duplication should be less than or equal to 8 (otherwise the size of 1 byte bitmap may be not enough), for those fields in the bitmap which are not corresponding to any DRBs configured with duplication, the MAC entity shall ignore them.
Proposal 1 MAC entity shall ignore the fields in the bitmap when the fields are not corresponding to any DRBs configured with duplication.
It was also agreed that the mapping between DRB and bitmap is based on the order of DRB ID(s) of the duplicate configured DRB(s). Here, we want to further clarify that the order could be either according to the ascending order or descending order or the DRB ID(s). There are no impacts of which order should be used, hence we proposed to use ascending order of the DRB ID(s). For the maximum number of DRBs which can be configured with duplication, we think it could be up to 8, so there should be no “R” bit in the duplication control MAC CE.
Proposal 2 DRB and bitmap mapping is based on the ascending order of the DRB ID(s) of the duplicate configured DRB(s). No “R” bit in the MAC CE.
For the DRBs configured with duplication, there are different types of DRB configured with duplication, as an example shown in Figure 1. Based on DC or CA structure, there are:

· Split DRB configured with duplication: the PDCP anchor point is transparent to the UE;

· Non-split DRB configured with duplication:

· MCG CA duplication DRB: the DRB configured with CA duplication is added in MCG;
· SCG CA duplication DRB: the DRB configured with CA duplication is added in SCG;
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Figure 1 Example of the types of DRB configured with duplication
For non split DRB, if configured with duplication (i.e., CA duplication), it’s reasonable that the MCG only controls the CA duplication for the MCG non-split DRB and SCG only controls the CA duplication for the SCG non-split DRB. Therefore, for the mapping between DRB and bitmap, the UE will map the MCG DRB ID(s) to the MAC CE received in the MCG MAC entity and map the SCG DRB ID(s) to the MAC CE received in the SCG MAC entity, as an example shown in the Figure 2. There are 5 non-split DRBs configured with CA duplication, in which 3 DRBs with ID {1, 3, 4} are MCG DRB and 2 DRBs with ID {7, 9} are SCG DRB. UE shall map MCG DRB to the MCG MAC CE and map SCG DRB to the SCG MAC CE. Note that for non-split DRB, UE is aware of the type of the DRB, i.e., either MCG DRB or SCG DRB. 
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Figure 2 CA duplication control: non-split DRB ID(s) and bitmap mapping
Proposal 3 For CA duplication control, UE shall map the MCG DRB ID(s) to the bitmap of MAC CE received from MCG MAC entity and map the SCG DRB ID(s) to the bitmap of MAC CE received from SCG MAC entity.
For split DRB, if configured with duplication (i.e., DC duplication), in principle, the UE is not aware of the PDCP anchor point of the split bearer, i.e., either MCG split DRB or SCG split DRB, due to PDCP harmonization. Once a duplication control MAC CE is received from either MCG or SCG, from the UE MAC entity point of view, there are two options for interpreting the mapping between split DRB ID(s) and the bitmap. 
· Option 1: map all the split DRB ID(s) to the bitmap of the MAC CE, no matter which CG the MAC CE is received. As an example shown in Figure 3, there are 5 split DRBs configured with duplication, with the DRB IDs {1, 3, 4, 7, 9}. The mapping of these IDs to bitmap are the same for both MAC CE from MCG and SCG, if there are no non-split DRB (configured with CA duplication) ID(s). 
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Figure 3 DC duplication control option 1: non-split DRB ID(s) and bitmap mapping
· Option 2: based on which CG the MAC CE is received, map some of (i.e., not all of) the split DRB ID(s) to the bitmap of the MAC CE, as an example in Figure 4. There are two ways to divide the split DRB IDs based on the CG from which the MAC CE is received.
· Option 2-1 explicit way: RRC will explicitly configure a flag to each split DRB configured with DC duplication, e.g., flag=0 means the ID of this split DRB will map to the bitmap of MAC CE from MCG and flag=1 means the ID of this split DRB will map to the bitmap of MAC CE from SCG.
· Option 2-2 implicit way: there is a primary path configured for the split bearer to indicate the preferred RLC entity. The ID of the split DRB configured with primaryPath will map to the MAC CE received from the MAC associated with the primary RLC, otherwise map to the MAC CE received from the MAC associated with the second RLC. Some agreements (from RAN2#100) about primaryPath are in the follows:
- 
For split bearers, instead of ul-DataSplitDRB-ViaSCG, use generic name primaryPath to indicate the preferred RLC entity.   The RLC entities can be in the same cell group or different cell groups. A RLC type IE is not needed.  The presence of the IE primaryPath is sufficient.  

- 
For split bearers, call the MAC entity as “MAC entity associated with primary/secondary RLC”.
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Figure 4 Only relevant DRBs are mapping to the bitmap for received MAC CE
For option 1, the only benefit is that it’s easy for standardizing the MAC specification on interpreting the bitmap. However, there are several issues for this option:
· It will cause ambiguity action for split DRB when the bitmap of MAC CE received from both MCG MAC and SCG MAC indicate opposite value. One can argue that somehow the ambiguity can be solved by define certain rule in the MAC when interpreting opposite values, however it seems this rule is against the following agreement we have made.
RAN2 #ad2 Qingdao meeting agreement:
2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN.
· MCG and SCG need to coordinate about the usage, update and release of the split DRB, so that the bitmap from both MCG and SCG can be aligned with each other. For example, in Figure 3, from network side point of view, MCG has to know which DRB ID is used by SCG so that the MCG will not use the fields which are supposed to be SCG split DRB ID. Also, if split DRB is released and/or new split DRB is added, the mapping of DRB ID and bitmap for both MCG and SCG should be updated. This kind of coordination is against with the previous agreements.
RAN2 #98 Hangzhou meeting agreement:
=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
For option 2, there are several advantages compared with option 1:

· The split DRB ID can only be mapped to bitmap of MAC CE either from MCG or SCG, so there is no ambiguity issue.
· No need of coordination between MCG and SCG on the usage, update and release of the split DRB. For example, RRC can configure a flag to split DRB with PDCP anchor point on MCG to indicate the ID of this split DRB is mapped to bitmap of MAC CE from MCG MAC entity.
Based on the analysis, we should choose option 2 as the baseline for mapping the split DRB ID to the bitmap. Regarding option 2-1 and option 2-2, we slightly prefer to option 2-1 explicit way. Since by clearly defining a flag to each split DRB, the network is flexible to configure which bitmap the split DRB ID should map to. However, for implicit way, the mapping control is binding to other configurations, i.e., split DRB path switch, which is not expected.
We summarize the pros and cons of the two options as in Table 1:
Table 1 Comparison between option 1 and option 2
	
	Option 1: map all the split DRB ID(s) to the bitmap of the MAC CE, no matter which CG the MAC CE is received
	Option 2: based on which CG the MAC CE is received, map some of (i.e., not all of) the split DRB ID(s) to the bitmap of the MAC CE

	Pros
	· Easy for MAC specification
	· No bitmap ambiguity issue in PDCP

· No coordination between MCG and SCG on the bitmap mapping

	Cons
	· Bitmap ambiguity issue

· MCG and SCG coordination on split DRB ID usage, update and release
	· More effort on MAC specification than option1


Based on the analysis, we prefer to choose option 2-1, so we have the following proposals:

Proposal 4 A flag is configured to each split DRB configured with duplication to indicate whether the ID of this split DRB is mapped to the bitmap of the MAC CE received from MCG MAC entity or SCG MAC entity.
Proposal 5 For DC duplication control, UE shall map the split DRB ID(s) to the bitmap of MAC CE received from MCG MAC entity if these split DRBs are configured to map to MCG MAC CE.
Proposal 6 For DC duplication control, UE shall map the split DRB ID(s) to the bitmap of MAC CE received from SCG MAC entity if these split DRBs are configured to map to SCG MAC CE.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
MAC entity shall ignore the fields in the bitmap when the fields are not corresponding to any DRBs configured with duplication.
Proposal 2
DRB and bitmap mapping is based on the ascending order of the DRB ID(s) of the duplicate configured DRB(s). No “R” bit in the MAC CE.
Proposal 3
For CA duplication control, UE shall map the MCG DRB ID(s) to the bitmap of MAC CE received from MCG MAC entity and map the SCG DRB ID(s) to the bitmap of MAC CE received from SCG MAC entity.
Proposal 4
A flag is configured to each split DRB configured with duplication to indicate whether the ID of this split DRB is mapped to the bitmap of the MAC CE received from MCG MAC entity or SCG MAC entity.
Proposal 5
For DC duplication control, UE shall map the split DRB ID(s) to the bitmap of MAC CE received from MCG MAC entity if these split DRBs are configured to map to MCG MAC CE.
Proposal 6
For DC duplication control, UE shall map the split DRB ID(s) to the bitmap of MAC CE received from SCG MAC entity if these split DRBs are configured to map to SCG MAC CE.
4 
 Annex Text proposal to TS 38.321
5.10
Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for the configured DRB(s).

The PDCP duplication for the configured DRB(s) is activated and deactivated by:

-
receiving the Duplication Activation/Deactivation MAC CE described in subclause 6.1.3.10;

The MAC entity shall for each relevant DRB configured with duplication:
1>
if a Duplication Activation/Deactivation MAC CE is received activating the PDCP duplication of the DRB:

2>
indicate the activation of PDCP duplication of the DRB to upper layers.

1>
if a Duplication Activation/Deactivation MAC CE is received deactivating the PDCP duplication of the DRB:

2>
indicate the deactivation of PDCP duplication of the DRB to upper layers.

The relevant DRB for MCG MAC entity means either MCG DRB or split DRB which is configured with mcgControlDuplication; The relevant DRB for SCG MAC entity means either SCG MCG DRB or split DRB which is not configured with mcgControlDuplication.

6.1.3.11
Duplication Activation/Deactivation MAC CE

The Duplication Activation/Deactivation MAC CE of one octet is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of a single octet containing eight D-fields. The Duplication Activation/Deactivation MAC CE is defined as follows (Figure 6.1.3.10-1). 

-
Di: this field indicates the activation/deactivation status of the PDCP duplication of the relevant DRB configured with duplication. D1 corresponds to the relevant DRB with the lowest DRB ID among all the relevant DRBs, D2 corresponds to the relevant DRB with the second lowest DRB ID among all the relevant DRBs and so on. If the MAC CE is received from MCG MAC entity, the relavant DRB means either MCG DRB or split DRB which is configured with mcgControlDuplication; If the MAC CE is received from SCG MAC entity, the relavant DRB means either SCG DRB or split DRB which is not configured with mcgControlDuplication. The Di field is set to one to indicate that the PDCP duplication shall be activated. The Di field is set to zero to indicate that the PDCP duplication shall be deactivated.
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Figure 6.1.3.10-1: Duplication Activation/Deactivation MAC CE
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