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1 Introduction

In RAN2 AH2 at 2017 and RAN2#99, for option-3, it was agreed that

Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

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

In RAN2#100, for LTE, it was agreed that
Agreements:
1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

2
Apply LTE PDCP to support packet duplication. FFS the necessary changes.

3
Support RLC AM for packet duplication via CA for DRB.

In this contribution, we discuss the CA duplication on LTE MAC for MR-DC.
2 Discussion
2.1 Background

For the early-drop of NR, i.e., option-3 (EN-DC), the CA duplication of LTE MAC is not allowed due to the late kick-off of LTE HRLLC topic. In RAN2 AH2 at 2017 and RAN2#99, for option-3, it was agreed that

Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.
3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
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
Observation 1 DC duplication functionality is supported for all architecture options.

Observation 2 CA duplication functionality is supported for NR MAC for all architecture options.

Observation 3 CA Duplication functionality of LTE MAC is missing due to the late kick-off of LTE HRLLC.
On the other hand, Rel-15 LTE HRLLC WI has been completed now, and thus PDCP duplication features have been introduced into LTE PDCP and LTE MAC specification.

Observation 4 CA duplication has been introduced into LTE by HRLLC WI.

Therefore, the only missing part is whether / how to enable CA duplication of non-split bearer carried by LTE. This part is also missing not only for option-4 (NE-DC) / option-7 (NGEN-DC) [3] which is to be started soon, but also for option-3 / option-5 (eLTE), although they are somehow completed. 

2.2 CA duplication for LTE MAC
From RAN2#99 meeting, for option-3, it was agreed that

Agreements for EN-DC 

1:
Working assumption of the last meeting is confirmed as an agreement: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network.

1a
EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.

2: 
NR-PDCP is used for ‘MCG split or duplicate SRB’. 

3:
Non split SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network (at least after initial connection establishment). 

4: 
LTE-PDCP is used for SRB1 at the initial connection establishment from idle state. (I.e. no additional optimization to support NR-PDCP for SRB1 for idle to connected state transition)

Therefore, based on the current agreement, in option-3, both LTE PDCP and NR PDCP are configurable for non-split SRB1/2 and MN/SN terminated MCG DRB. 
Observation 5 For option-3, both LTE PDCP and NR PDCP can be configured for non-split SRB1/2, and for MN terminated MCG DRB.
For option-5, during RAN2#99 Meeting, it was agreed to use NR-PDCP for DRBs (which is also applicable to option-4/7).
Agreements

1:
For UEs that are connecting via E-UTRA to 5GC, only NR PDCP is used for the DRBs. Also, applicable for option 7 and option 4.

And NR PDCP is mandatory for SRB after MSG5.
Agreements 

1
UE implicitly changes to NR-PDCP for SRB1 following submission of MSG5 to lower layers.

Observation 6 For option-4/5/7, NR PDCP is mandatory for DRB.

Observation 7 For option-5, NR PDCP is mandatory for SRB after MSG5.

Therefore, the applicable PDCP version is summarized as follows:
Table 1 Target bearer type and PDCP version
	Architecture
	PDCP version for LTE RLC bearer of non-split DRB
	PDCP version for LTE RLC bearer of non-split SRB

	Option-3
	Both LTE and NR can be configured
	Both LTE and NR can be configured

	Option-4
	NR
	Not decided (relates to the need of SRB3 in NE-DC scenario)

	Option-5
	NR
	NR after MSG5

	Option-7
	NR
	NR after MSG5 (if following option-5 conclusion)


From Table 1 above, it can be see that in order to support CA duplication via LTE MAC, both of following cases have to be supported:

· LTE PDCP on LTE MAC (mainly for option-3);

· NR PDCP on LTE MAC (for option-3/4/5/7);

Both cases are feasible due to the progress of LTE HRLLC WI.
Observation 8 LTE MAC is able to support both LTE PDCP and NR PDCP for CA duplication.

For SRB, the procedure is simpler, since the duplication is only controlled by RRC.

Proposal 1 Support CA duplication of non-split SRB via LTE MAC in option-3/4/5/7.

But for DRB, the procedure further relates to the functionality of using LTE MAC CE of duplication (de)activation to control NR PDCP. Essentially, it is about whether it is feasible to use LTE MAC CE (TS 36.321) to control NR PDCP (TS 38.323), or vice versa. In fact, this inter-RAT interaction between user plane entity already exists, e.g., the interaction between LTE RLC and NR PDCP (e.g., the indication of successful delivery / the report of data volume from LTE RLC to NR PDCP). 
Based on the latest progress in NR-UP at RAN2#102, the per-UE MAC CE is changed to a per-MAC MAC CE, although the former one is already copied to LTE system. Since the argument for the per-UE to per-MAC change is applicable to LTE as well, and it is very important to have aligned MAC CE format in LTE and NR, the change should be applied to LTE as well, as proposed in CR [4].
Observation 9 There is no problem for using LTE MAC CE to control NR PDCP, or vice versa.
Observation 10 Due to the latest change in NR, LTE / NR MAC CE has different format (LTE for per-UE, NR for per-MAC).

Proposal 2 Apply in LTE the per-MAC-entity control of duplication as defined in NR.

Proposal 3 Support CA duplication of non-split DRB via LTE MAC in option-3/4/5/7.

For the UE capability issue, it is assumed that one cannot directly reuse the capability from the one defined in HRLLC for pure LTE system, where the duplication is for LTE RLC/MAC and LTE PDCP, yet here is more for LTE RLC/MAC and NR PDCP. Therefore, a separate capability is needed to handle the different duplication case in MR-DC.

Proposal 4 A separate capability for CA duplication via LTE RLC/MAC and NR PDCP is introduced for option-3/4/5/7.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
DC duplication functionality is supported for all architecture options.
Observation 2
CA duplication functionality is supported for NR MAC for all architecture options.
Observation 3
CA Duplication functionality of LTE MAC is missing due to the late kick-off of LTE HRLLC.
Observation 4
CA duplication has been introduced into LTE by HRLLC WI.
Observation 5
For option-3, both LTE PDCP and NR PDCP can be configured for non-split SRB1/2, and for MN terminated MCG DRB.
Observation 6
For option-4/5/7, NR PDCP is mandatory for DRB.
Observation 7
For option-5, NR PDCP is mandatory for SRB after MSG5.
Observation 8
LTE MAC is able to support both LTE PDCP and NR PDCP for CA duplication.
Observation 9
There is no problem for using LTE MAC CE to control NR PDCP, or vice versa.
Observation 10
Due to the latest change in NR, LTE / NR MAC CE has different format (LTE for per-UE, NR for per-MAC).


Based on the observations, we propose:
Proposal 1
Support CA duplication of non-split SRB via LTE MAC in option-3/4/5/7.
Proposal 2
Apply in LTE the per-MAC-entity control of duplication as defined in NR.
Proposal 3
Support CA duplication of non-split DRB via LTE MAC in option-3/4/5/7.
Proposal 4
A separate capability for CA duplication via LTE RLC/MAC and NR PDCP is introduced for option-3/4/5/7.
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