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1. Introduction
The issue of packet losses over Xn and loss recovery by RLC ARQ was discussed in the last RAN2 meeting. As a result, RAN2 agreed that “packet loss on the interface (Xn) between MeNB and SeNB is rare if the Xn is not the bottleneck”. However, there are still unclear points remaining regarding the RLC structure e.g. the ARQ location and the behaviour especially for UP protocol architecture alternatives 2D and 3D. Accordingly, there is still an FFS in TR36.842: “FFS: packet loss between MeNB and SeNB covered by RLC’ ARQ” [1,2]. In this contribution, we look at this issue and show our view.
	FFS in TR36.842

Alternative 2D/3D: FFS: packet loss between MeNB and SeNB covered by RLC’s ARQ


2.  Observations
2.1.  RLC structure alternatives
Firstly the overall structure of “master RLC” and “slave RLC” has not yet been made clear. There are possible three alternatives for the RLC structure and these are depicted in Fig.1 (a) – Fig. 1 (c) below.
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Fig.1 (a): Alt.1 of RLC structure


[image: image2.emf]RLC-SAP

MeNB

RLC control

MeNB

Tx buffer Tx buffer

SeNB

SeNB

RLC Control

Segmentation & 

Concatenation

Add

RLC header

Xn

DCCH/DTCH

Add

RLC header

RLC feedback

Retx buffer


Fig.1 (b): Alt.2 of RLC structure
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Fig.1 (c): Alt.3 of RLC structure

· Alt.1 has the structure where the MeNB simply forwards the received packets (PDCP PDUs) to the SeNB. The SeNB performs packet scheduling of the received data from the MeNB e.g. segmentation and concatenation considering the tight coupling with the packet scheduler in the MAC layer and the PHY layer. Although this is a possible structure, this seems to precluded according to TR36.842 [1].
· Alt.2 is a variant of Alt.1. Compared to Alt.1, the MeNB in Alt.2 is responsible for RLC SN assignment so that the MeNB can control the mapping between the RLC SN and the PDCP SN to ensure that continuity of the RLC SN could be kept e.g.in the case of deactivation of dual connectivity.
· Alt.3 has a different structure from Alt.1 and Alt.2. Firstly, the MeNB is responsible for RLC SN assignment and RLC ARQ based on which the MeNB further can recover the packet loss over Xn if Xn is congested. Secondly, RLC feedback from the UE is sent to the MeNB for RLC ARQ in the MeNB. For the U-plane architecture 2D (no bearer split), the RLC layer in the UE side needs to be assigned a LCID for sending the RLC feedback of the SeNB RLC to the MeNB. The segmentation and concatenation function should still be in the SeNB due to the tight coupling required between the packet scheduler in the MAC layer and the PHY layer.
In the following section, we discuss the desirable master-slave RLCs structure considering some aspects.
2.2.  RLC structure selection

Packet losses over Xn

As described above, there is a possibility of packet loss over Xn. If packets over Xn are lost, there are no recovery function in Alt.1 and Alt.2. Especially for Alt.2, the RLC SNs of lost packets are missing in the SeNB and the SeNB can’t perform both transmissions and retransmissions of the corresponding RLC PDUs, so that these RLC SNs has to be always included in the RLC feedback. On the other hand, packet loss over Xn can be recovered by the RLC ARQ function in the MeNB (Alt.3).

Some companies pointed out that there seems to be no benefit of RLC ARQ over Xn. However, RLC layer in general should be responsible for reliable packet delivery of the upper layer packets (PDCP PDUs) during dual connectivity since the reliable data transport service to the upper layer is the most important function. Indeed, even if packet loss over Xn is not frequent in a case where Xn is not a bottleneck, there is still the possibility of Xn congestion (i.e. a bottleneck). In addition, there is a possibility that RLC PDUs are discarded in the SeNB by AQM (Active Queue Management) due to the traffic load control and the MeNB is not being aware about the discarding due to AQM. RLC ARQ over Xn could recover such packet loss over Xn and could ensure reliable packet delivery to upper layers.
With the above observations, we think that the reliable packet delivery function of RLC to the upper layer is indispensable. Alt.3 is most beneficial among three alternatives.

Observation 1: The RLC layer in the MeNB should be responsible for reliable packet delivery of the upper layer PDU during dual connectivity, which is the most important function of the RLC layer.
Ping-Pong of dual connectivity
“Ping-Pong” could be considered as a frequent state change of “switching on/off” the dual connectivity. Specifically, when considering the scenario of taking the advantage of dual connectivity for traffic offloading, UEs around/within the SeNB area are likely to get (activate) dual connections in order to take the advantage of the dual connectivity. However, this may lead to a situation where there is an immediate increase of the traffic load in the SeNB. If this is the case, the SeNB is likely to stop (deactivate) performing the dual connectivity to the UE in order to decrease the traffic load of the SeNB. An example of this is depicted in Fig.2.below.
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Fig.2: Example figure of Ping-Pong of dual connectivity
Frequent state changes of “on/off” of dual connectivity could be mitigated by a smart network operation but in general it seems to be dependent on how frequently the traffic load information exchange is. The increase of the frequency of the load information exchange could mitigate such frequent state changes of “switching on/off” dual connectivity, but the signalling overhead over Xn is not negligible.
Here, we assume that the loss-less packet handling during dual-connectivity is performed like loss-less handover principle in LTE/LT-Advanced. If the RLC ARQ is deployed in the SeNB (Alt.1/2), the unacknowledged packets (RLC PDUs) in the SeNB are retrieved from the SeNB to the MeNB. Thus, once the “flapping” occurs, the route of the packets (RLC PDUs) going to the UEs are frequently switched, which results in frequent packet forwarding from the MeNB to the SeNB in the case of “switching on” dual connectivity, and frequent packet retrieving from the SeNB to the MeNB in the case of “switching off” dual connectivity. It should be noted that the RLC context has also to be forwarded/retrieved. On the other hand, if the RLC ARQ is deployed in the MeNB (Alt.3), then the packet retrieving doesn’t occur, which could save some network capacity.
SeNB change during dual connectivity
During dual connectivity, there is a case that the SeNB change happens during the dual connectivity due to the mobility of the UE. An example is depicted in Fig.3.
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Fig.3: Example figure of SeMN change during dual connectivity
If RLC ARQ is deployed in the SeNB (Alt.1/2), packets (RLC PDUs) stored in the old SeNB are forwarded from the old SeNB to the new SeNB via the X2 between the SeNBs or via the Xn between the old/new SeNB and the MeNB. On the other hand, if RLC ARQ is deployed in the MeNB (Alt.3), packets (RLC PDUs) that are stored in the MeNB are forwarded from the MeNB to the new SeNB. From a network capacity and signalling point of view, the latter is much better than the former.
Observation 2: Deploying RLC ARQ in the MeNB (Alt.3) is beneficial in terms of network capacity since RLC PDU retrieving and the corresponding RLC context transfer is avoided.
With the above investigations, our proposals are provided below.

Proposal 1: Alt.3 in Fig.1 should be the master-slave RLC structure.
Proposal 2: Alt.3 in Fig.1 should be captured as the master-slave RLC structure into TR36.842.
3. Conclusion

In this contribution, we clarified alternatives of the RLC structures in U-plane architecture 2D/3D and investigated the desirable RLC structure. With the investigation, we reached the following conclusions.
Proposal 1: Alt.3 in Fig.1 should be the master-slave RLC structure.
Proposal 2: Alt.3 in Fig.1 should be captured as the master-slave RLC structure into TR36.842.
	TP to TR36.842


8.1.1
User plane architecture for dual connectivity

…
D.
Master-Slave RLCs: this option assumes that S1-U terminates in MeNB with the PDCP layer and part of the RLC layer residing in the MeNB. While requiring only one RLC entity in the UE for the EPS bearer, on the network side the RLC functionality is distributed between the nodes involved, with a “slave RLC” operating in the SeNB. In downlink, the slave RLC takes care of the delay-critical RLC operation needed at the SeNB: it receives from the master RLC at the MeNB readily built RLC PDUs (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, and transmits them to the UE. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism. The detailed structure is depicted in Figure 8.1.1-2.
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Figure 8.1.1-2: Structure of Master-Slave RLCs
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