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1. Introduction

RAN2 already agreed to have logical channel and transport channel in LTE. RAN2 also have some agreement of logical channel structure, transport channel structure and the mapping between logical channel and transport channel. However, further agreement for multiplexing scheme and whole channel structure are required, though there are several proposals in the past meeting[1]

 REF _Ref126963115 \r \h 
[2].
In this document, we discuss multiplexing scheme for user plane and data handling of NAS signalling. We think main functionalities for data flow are same between uplink and downlink. So, the discussion of this document can be applied to uplink discussion, though this document mainly describes based on downlink. 
2. Discussion

2.1.  U-plane data flow
2.1.1.  Overview of u-plane data flow

Figure 1 illustrates U-plane general data flow and U-plane functions.
Interfaces for data flow:

· Interface for PDCP:
· PDCP is located in aGW. PDCP could be the function split point between RAN and CN from RAN side, since network of CN side (that is inter-AS anchor and part of aGW) could be IP network and specific tunnelling is not required except for mobile IP tunnelling. In this meaning, this point could be RAB in LTE.
· Interface between aGW and BS (Our proposal is the point between PDCP/Ciphering and MAC/Outer ARQ):
· This interface should be configured based on negotiated RAB QoS. In this meaning, this could be RB. But, this also could be logical channel, since this interface is connected with MAC. As we already agreed to have logical channel, this interface should be logical channel.
· Interface between MAC/Outer ARQ and Layer1:
· This interface could be transport channel, since RAN2 already agreed to have transport channel and to locate HARQ in MAC.
Based on interfaces which are described above, our proposal of multiplexing for u-plane data flow is summarized as follows:
Multiplexing for u-plane data flow:

· Multiplexing in PDCP
· Several RAB might be multiplexing in PDCP
· Multiplexing in MAC
· Two multiplexing are performed in UMTS MAC. And, necessity of these two multiplexing should be considered.
· Logical channels could be multiplexing in MAC
· Transport blocks might be multiplexing in MAC
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Figure 1: U-plane general data flow and U-plane functions
2.1.2. Multiplexing in PDCP
PDCP functions are tightly related with interface between aGW and BS. We discuss the necessity of multiplexing among RABs in PDCP in this section. Header compression is carried out in each RAB in PDCP. We assume sequence number is added in PDCP PDU level. Therefore, depending on the multiplexing within PDCP, only the necessity of RAB identifier is different. If no multiplexing between RABs are carried out (figure 2(a)), no RAB identifier is added in PDCP. Necessary multiplexing could be carried out in lower layer than PDCP. If multiplexing between RABs are carried out (figure 2(b)), RAB identifier is added in PDCP. Although multiplexing between RABs in PDCP might simplify the lower layer multiplexing by reducing the number of channels, our proposal is no multiplexing within PDCP. The reason is if multiplexing is carried out, one loss of PDCP PDU cannot identify which RAB is lost. Therefore, the header compressions of all possible multiplexed RAB are affected. The recovery of header compression requires considerable overhead. In order to prevent this behavior as much as possible, we propose not to multiplex RABs in PDCP.
Conclusion: We propose not to use multiplexing in PDCP entity.
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(a) One RAB per one PDCP entity (No multiplexing)           (b) Several RABs per one PDCP entity (Multiplexing)
Figure 2: Data flow for PDCP
2.1.3.  Multiplexing in MAC
UMTS MAC has two multiplexing functions, logical channel and transport block multiplexing. We think logical channel multiplexing could be categorized into same QoS and different QoS. We discussed necessity of each multiplexing scheme below.
· Same QoS logical channel multiplexing
· Required. Same QoS logical channel multiplexing should be supported to realize efficient transmission.[4]
· Different QoS logical channel multiplexing
· Not required. Different QoS logical channel multiplexing could be eliminated in LTE, since TTI is short enough to transmit different QoS logical channels in different TTI. In addition, minimum radio resource block could be short to transmit one VoIP packet.
· Transport block multiplexing
· Not required. Transport block multiplexing might be eliminated in LTE, since transport block size could be decided appropriately based on scheduling result. Segmentation is performed based on decided transport block size after logical channel multiplexing.[4]
Conclusion: We propose to only support same QoS logical channel multiplexing in MAC. Our proposal for data flow in MAC is illustrated in Figure 3. 
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Figure 3: Data flow in MAC
2.2.  NAS signalling flow
2.2.1.  Overview of NAS signalling flow

General NAS signalling flow and NAS signalling related functions are illustrated in Figure 4.
Interfaces for NAS signalling:

· Interface between aGW and BS (PDCP/Cipher and RRC in our proposal)
· This is an interface between NAS and RRC. So, it’s better to state this as SRB like UMTS.
· Interface between RRC and MAC/Outer ARQ

· This is an interface to MAC. In this meaning, this interface could be logical channel. 
· Interface between MAC/Outer ARQ and Layer1
· This interface could be transport channel, since RAN2 already agreed to have transport channel and to locate HARQ in MAC.
Based on above interfaces, NAS signalling related functions could be summarized as follows:
Functionalities related with NAS signalling flow:

· RRC functionalities
· If RRC is used to transfer NAS signalling (like UMTS), RRC needs to have NAS signalling transfer function. This topic is further discussed in next section.
· MAC/Outer ARQ functionalities

· MAC/Outer ARQ functionalities for NAS signalling will be similar to that for U-plane data, but some of these could be optimised for NAS signalling. This topic is also further discussed later.
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Figure 4: C-plane general signalling flow and C-plane functions
2.2.2. RRC functionalities for NAS signalling
In UMTS, RRC is used for NAS signalling exchange between network and UE. On the other hand, NAS signalling could be exchanged like U-plane between network and UE. In this case, NAS signalling is directly transferred from NAS/MAC to MAC/NAS without RRC. These two methods are illustrated in Figure 5 (a) and (b). The merit of direct transfer of NAS message is to make the similarity to IMS signalling for RRC protocol simplification. Next merit is NAS signalling overhead could be reduced by not transmitting RRC header for NAS message.
But we think RRC transfer is better from delay reduction perspective. The reduction of call setup delay is important [3]. Call setup delay could be reduced from two reasons in RRC transfer. First reason is, within network, the delay to establish the link between BS and aGW is not necessary for initial access of NAS message because we assume permanent connection between them for RRC message. The second reason is, within air interface, the delay to establish NAS message is not necessary as concatenation of RRC signalling and NAS signalling are possible.
Conclusion: We propose that NAS signalling is transferred by RRC.
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(a) RRC transfer                                           (b) Direct interface between NAS and MAC
Figure 5: NAS signalling from NAS to MAC
2.2.3.  MAC/Outer ARQ functionalities for NAS signalling
We think MAC/Outer ARQ functionalities for control signalling(RRC signalling and NAS signalling) could be almost same with that for u-plane data. However, we think outer ARQ for c-plane could be optimised as discussed. 
In UMTS, RLC has functionality for retransmission of NAS signalling as outer ARQ function. However, some of NAS signalling are not necessary to retransmit, in case retransmission is delayed and the message doesn’t align with latest　condition. Similar discussion also applied to RRC signalling. Therefore, we propose the retransmission of NAS is carried out in NAS and not in the lower layer i.e. RRC and MAC/Outer ARQ. We also propose the retransmission of RRC is carried out in RRC and not in the lower layer i.e. MAC/Outer ARQ. But the lower layers should have function to inform the result of the transmission.
Conclusion: We propose that outer ARQ for NAS signalling is only performed in NAS, and outer ARQ for RRC signalling is only performed in RRC.
2.3.  Proposed data flow architecture

Proposed data flow architecture for u-plane and NAS signalling are summarized in Figure 6. As illustrated in this figure, our concept is as follows:
U-plane:
· Three interfaces exist:

· RAB

· Logical channel (equivalent to RB)

· Transport block (equivalent to transport channel)
· Only same QoS logical channel multiplexing is supported
C-plane:
· Three interfaces exist:

· SRB

· Logical channel (equivalent to RB)

· Transport block (equivalent to transport channel)

· Outer ARQ is performed in signalling termination point. That is, RRC or NAS.
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Figure 6: Proposed data flow architecture
3. Conclusion 

In this document, we discussed multiplexing scheme and data flow for u-plane and c-plane. It is proposed to capture the results of the discussion in section 2 in RAN2 TR.
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