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1 Introduction

In RAN2#83bis it was agreed that the work in the SI should continue with user plane architectures 1A and 3C. In the discussion it was further suggested that 1A and 3C should preferably not result in different specifications, but will rather be a configuration option. 

In this contribution we discuss the impact of this agreement to the L2 transport of SRBs, scenarios where split and duplication of SRBs could become beneficial, and how support of radio link monitoring (RLM) for the SeNB is required or could provide additional benefits.
2 Reference system and scenario
For the further discussion within this paper, we define the following reference system and scenario, which reflects the current agreements and our current understanding of the dual connectivity architecture: 
· A system supporting the dual connectivity UP protocol architecture 1A and 3C, the usage of which is assumed to be configurable by RRC. 
· Control plane option C1, i.e. RRC signalling terminated in the MeNB.
· RRC messages are transported via SRBs in MCG (Master Cell Group) only.
· Radio link monitoring of the PCell in the MCG only.
Dual connectivity in general is envisaged for Scenario#2, where the MeNB cell and the SeNB cell operate on separate frequencies. Nevertheless, a full MeNB cell coverage of the SeNB cell area cannot always be assumed. This might e.g. be the case for the following scenarios (see also [2]):
· MeNB cell has coverage holes in general e.g. for indoor users, while SeNB has not

· MeNB role is acquired by a pico eNB providing coverage only in a small area

· SeNB cell is located at the coverage edge of a MeNB cell
3 Problems 

For the reference system and scenario defined in Section 2 the following issues with respect to SRB transport and related RLM can be identified: 
3.1 Unreliable SRB transport
Since perfect coverage of the MeNB cell cannot always be assumed, reception of RRC messages via SRB on the MeNB only might introduce delays due to lower layers failures or might fail entirely. This may degrade signalling and mobility robustness, since e.g. failing RLC re-transmissions on the MeNB link or RLM on the MeNB link eventually trigger RLF. Please also note that delays due to unsuccessful RLC retransmissions are non-negligible.

3.2 Delay by MeNB RLF recovery

If RLF is triggered based on MeNB link quality only, the UE has to trigger the RRC-reestablishment procedure towards a potential target cell. This would introduce a non-negligible delay in terms of service interruption time.
 If the UE would support RLF detection of the SeNB link additionally, RLF-recovery could be avoided as long as one of the maintained links has not triggered RLF.
3.3 SeNB RLF unknown in MeNB

The MeNB itself is not able to detect RLF of the SeNB link. Thus RRC may not be able to reconfigure the UE or SeNB to stop dual connectivity upon SeNB RLF timely. The UE could be configured with an A2 event to monitor the SeNB link status though, but this would mean that SeNB RLF declaration in the MeNB is based on a different metric than MeNB RLF.
Observation 1 With the currently envisaged protocol architecture for dual connectivity, improvement potential of SRB transport and RLM exists due to: unreliably SRB transport, delay of MeNB RLF recovery, and SeNB RLF unknown in MeNB.
4 L2 transport of SRB
In RAN2#83bis it was agreed that the work in the SI should continue with user plane architectures 1A and 3C. In the discussion it was further suggested that 1A and 3C should preferably not result in different specifications, but will rather be a configuration option. As shown in Figure 1, it was proposed to have a model where we have 3 types of bearers (see also [3]): 
1. Bearer served by MSC (Master Cell Group)

(blue in Figure 1)
2. Bearer served by SCG (Secondary Cell Group)
(red in Figure 1)
3. Bearer split over both MSC and SCG


(green in Figure 1)
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While this model had been primarily discussed for the user plane, in this contribution we would like to relate the impact of this model to the control plane, i.e. the L2 transport of SRBs.  
4.1 All SRBs transported via MeNB

In RAN2#83 it was decided that RRC is terminated in the MeNB. Thus the simplest case of L2 transport of SRBs is to transmit them all via the MeNB link to the UE. No further enhancements are required with this approach as compared to the reference scenario given in Section 2.
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Figure 2: SRB only transported via MeNB

4.2 Some SRBs transported via SeNB

In this alternative, there are additional SRBs created for the UE on top of the current bearers. Then some of the SRBs (like new SRB3) is transported over the radio interface of the SeNB, As RRC is located in the MeNB, it can be assume that the final RRC messages are transported via X2 to the SeNB and the SeNB transmits then further to the UE. RRC messages mapped to the SRBs in the MeNB cannot be transmitted by the SeNB to UE in this alternative.
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Figure 3: SRB only transported via SeNB

Generally, this type of SRB transport would only be advantageous in situations where MeNB coverage could not always be assumed, while SeNB coverage can be. This might be the case temporarily. It implies that additional SRBs need to be configured for the SeNB before the actual MeNB radio link problems occur. It also means that the same RRC message (like RRCConnectionReconfiguration with MobilityControlInfo used for Handover Command) can be mapped to multiple SRBs, SRB1 for the MeNB and e.g. SRB3 used for the SeNB link. A switch of the same SRB from the MeNB to the SeNB seems infeasible in the situation of MeNB outage, since it is not possible to transmit the reconfiguration message via the MeNB link. 

The mapping of one RRC message to multiple SRBs requires changes to the RRC protocol. To transmit an RRC message via both links, an RRC PDU would be duplicated and a copy mapped to each of the SRBs. RRC would also need to apply duplication detection and discard, which is currently not supported.

4.3 SRB transported via MeNB and/or SeNB
In this alternative as shown in Figure 4, one SRB can be transported by both MeNB and SeNB links. To maximize the similarities with the bearer types supported by the UP architecture, it is reasonable to split the SRB below the PDCP layer. 
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Figure 4: SRB transported via MeNB and/or SeNB

This SRB transport for the split-bearer architecture can be envisaged in two forms, which is also further visualized in Figure 5:
a. SRB is split over the MeNB and the SeNB link, but the PDCP PDU corresponding to the RRC message is transported only via either MeNB or SeNB link. This behaviour is similar to the split of DRB PDCP PDUs.
b. SRB is split over the MeNB and the SeNB link, and the PDCP PDU corresponding to the RRC message is duplicated, so that a copy is sent on both MeNB and SeNB link.

[image: image6.png]Split: MeNB only

(1
RRC
1
PDCP
MeNB
only
PDCP PDU
SNX
RLC RLC
T T
MAC MAC
MeNB SeNB

Diversity: Copy PDCP PDU

(1

RRC
1
PDCP
copy
POU
PDCP PDU
PDCP PDU S
SNX
RLC RLC
T T
MAC MAC
MeNB SeNB

Split: SeNB only

(1

RRC

SeNB ‘
only

PDCP PDU
SNX

RLC RLC
I I
MAC MAC
MeNB SeNB




Figure 5: Options to transport one SRB PDCP PDU via MeNB and/or SeNB
The benefit of using the split-SRB architecture in general is that it provides transmission robustness, since the best of both the links can be selected for transmission (Option a, MeNB or SeNB link), or the duplication scheme (Option b) could be applied to always include both links for the SRB transmission. Also, this way delays associated with the worst of both the links can be avoided (compare Section 3). 
To avoid the necessity to select the best link for the SRB transmission, the duplication scheme (Option b) should be considered as the default behaviour in this case of split-SRB.   

Proposal 1 The protocol architecture for dual connectivity should allow split-SRB between the MeNB and the SeNB to enhance the transmission robustness of RRC messages. 
Proposal 2 In this case of split-SRB, duplication of the SRB PDCP PDU should be supported so that a copy can be sent via both MeNB and SeNB link. 
For the reception of duplicate SRB PDCP PDUs, support for duplicate detection and discard needs to be extended for the control plane in PDCP. In principle this is already supported by PDCP [4], but intended as a security feature in the integrity verification process. 

The split behaviour, i.e. whether PDCP PDUs should be handed over to MeNB RLC, SeNB RLC or duplicated to both, is envisaged to be configurable by RRC for uplink transmissions. For downlink transmissions, the decision can be made on a per packet basis by the network. To provide a robust transport for RRC messages, duplication should be assumed as the default behaviour for split SRB for both DL and UL direction. Given that lower layer protocols support UL transmissions on both links, we assume that also duplicate UL transmissions of RRC messages are supported. 
5 Radio link failure handling
Generally the UE should trigger radio link failure if it is not reachable anymore by RRC signalling. In Rel-11, RLF is indicated by out-of-sync registered in RLM, RLC max re-transmissions reached, or RACH failure. Upon triggering RLF, the UE will try to re-establish the RRC connection.

In the split-bearer architecture for SRB with support for duplication, RRC messages can be conveyed to the UE via both MeNB and SeNB link. Thus it is possible in this case, to avoid the triggering of RLF if only the MeNB links fails as long as the SeNB link is still able to convey RRC messages. 

For this functionality it is essential that the above mentioned RLF indications are evaluated on a per link basis, and only if RLF for all links is indicated, the legacy RLF and re-establishment procedure should be triggered. 
This implies also that a radio link monitoring entity exists for both MeNB and SeNB link. This way, the connection of the UE could be maintained even if out-of-sync is indicated on the MeNB link. The UE could be reconfigured by RRC using the SeNB connection in this case. 

Proposal 3 UEs should support RLF detection for the SeNB, which includes an additional RLM for the SeNB link. This is essential to avoid triggering RLF based on the MeNB link only while the UE can still be reached by RRC signalling via the SeNB. 
Independently whether split-SRB is supported or not, a separate RLF detection of SeNB is also beneficial for the MeNB, which can be informed about SeNB RLF status by the UE. 
6 Conclusion
Based on the discussion of protocol architectures for SRB transport and RLM for the SeNB, we make the following observations and proposals:
Observation 1
With the currently envisaged protocol architecture for dual connectivity, improvement potential of SRB transport and RLM exists due to: unreliably SRB transport, delay of MeNB RLF recovery, and SeNB RLF unknown in MeNB.
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Proposal 1
The protocol architecture for dual connectivity should allow split-SRB between the MeNB and the SeNB to enhance the transmission robustness of RRC messages.
Proposal 2
In this case of split-SRB, duplication of the SRB PDCP PDU should be supported so that a copy can be sent via both MeNB and SeNB link.
Proposal 3
UEs should support RLF detection for the SeNB, which includes an additional RLM for the SeNB link. This is essential to avoid triggering RLF based on the MeNB link only while the UE can still be reached by RRC signalling via the SeNB.
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Figure � SEQ Figure \* ARABIC �1�: Combined protocol architecture for 1A and 3C








� In case of a default configuration of RLC poll timer of 45ms and a maximum number of 5 SRB RLC retransmissions, RLF would be triggered after 225ms.


� In case of a prepared target eNB (which could be the SeNB), typical service interruption delays would be around 250ms, and in case the target cell is unprepared around 450ms � REF _Ref369782826 \r \h ��[6]�.
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