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1
Introduction

In the RAN2#51, multiplexing architecture for LTE was discussed. Multiplexing options of the Mux 1, 2, 3 and 4 were identified in [1]. This contribution discusses the lower layer multiplexing (i.e., Mux 3 and Mux 4). We review advantages and drawbacks of the respective multiplexing options and conclude on the necessary multiplexing option.
2
Discussion

2.1
Derived options for the Mux3
The Mux3 is considered as a multiplexing of multiple ARQ flows into the same HARQ process [1]. It can be broken down into two options (i.e., the Mux3(ARQ) and the Mux3(PQ)) as shown in Fig. 1. The definition of each multiplexing options are as follows:
The Mux3(ARQ):

The Mux3(ARQ) is a multiplexing of multiple ARQ flows which have the same (or similar) QoS requrements into a priority queue. This functionality corresponds to the MAC-d flow multiplexing in HSDPA. The main reason of the Mux3(ARQ) is that the number of priority queues can be reduced since the number of priority queues has an impact on the complexity of packet scheduler implementation.
The Mux3(PQ):
The Mux3(PQ) is a multiplexing of multiple prioritized flows into the same HARQ process. This functionality corresponds to the MAC-e multiplexing in the EUL. The prioritized flow can be either a flow multiplexed at the Mux3(ARQ), or a flow to which Mux3 (ARQ) has not been applied as shown in Fig. 1(b). The QoS requirement is basically different between the multiplexed flows. The objective of the Mux3(PQ) is to use up the allocated resource for improving transmission efficency.
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(a) The Mux3(ARQ)           (b) The Mux3(PQ)
Fig. 1: Configurations of the Mux3
2.2 Derived options for the Mux4

The Mux4 is considered as a multiplexing performed in the layer 1 [1]. It can be broken down into two options (i.e., the Mux4(TB) and the Mux4(PHY)) as shown in Fig. 2. The definition of each multiplexing options are as follows:

The Mux4(TB):

The Mux4(TB) is a multiplexing of multiple transport blocks, which are from different HARQ processes, into the same virtual resource blocks (VRBs) [2] assigned for an UE in a transmission time interval (TTI) as shown in the Fig. 2(a). The assigned VRBs can be either the distributed VRBs or the localized VRBs. The transport blocks are multiplexed after the channel coding (rate matching) to differentiate the quality between transport blocks. On the other hand, the assinged VRBs have a common modulation scheme.
The Mux4(PHY):
The Mux4(PHY) is defined mapping of VRBs onto the time/frequency resources within a TTI as shown in the Fig. 2(b). The assigned VRBs can be either the distributed VRBs or the localized VRBs. The major usage of the Mux4(PHY) is user multiplexing for multiple UEs. In addition to this, it may be used for multiplexing of the transport channels with different type (e.g, BCH, MCH, PCCH and DL-SCHs) for one UE in a TTI. It also can be used to provide the way for mapping different HARQ processes to different antenna streams in the case of per antenna rate control (PARC) MIMO operation.
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(a) Mux4(TB)                          (b) Mux4(PHY)
Fig. 2: Configurations of the Mux4
2.3
Necessary multiplexing option
In this section, we discuss the necessary multiplexing option.
The Mux3(ARQ):
As for the multiplexing of the same QoS flows, it should be provided by an upper layer (i.e., the aggregation of the end-to-end service flow into the radio bearer service by means of the packet filtering using a traffic flow template (TFT) and the Mux1 at aGW or UE). The number of logical channels which is handled by the packet scheduler can be limted to a moderate value by this aggregation. Therefore the Mux3(ARQ) is unnecessary for this purpose.
The Mux3(PQ)

The benefits and drawbacks of the Mux3(PQ) are summarized as follows [3]:

· Benefits:

It is easier to use up the available resources. Signaling overhead for resource request and control channel can be reduced.

· Drawbacks:
The degree of freedom for QoS control decreases, since transmission parameters (e.g., the number of retransmissions for HARQ) of the higher priority queue will need to be adopted for all multiplexed queues. It may also cause additional complexity (e.g., header structure of the MAC PDU).

In the UL, the PQ mux is effective for a resource grant scheme in which radio resources are allocated on a per UE basis (not per priority queue). For example, it is possible for the UE to send both best effort (BE) and delay sensitive (e.g., VoIP) data onto a radio resource assigned for the BE service, when the delay sensitive data is newly buffered. On the other hand, the degree of freedom for QoS control is limited (in this example, the BE service is transmitted with a quality higher than necessary on that transmission).

In the DL, there is basically less demand for PQ mux, since the radio resources can be used up by means of user multiplexing in the physical layer (i.e., the Mux4(PHY) between different UEs). However, in LTE, there may be a need for PQ multiplexing on the downlink as we consider wider bandwidths (e.g. 10, 15 and 20MHz), and when only few users are present.
Therefore we need to consider what is the suitable multiplexing scheme for the different QoS flows of one UE. The advantages and drawbacks of the Mux4 (TB) and the Mux4 (PHY) are discussed in the following section.
The Mux4(TB):

The benefits and drawbacks of the Mux4 (TB) are summarized as follows:

· Benefits:

Coding rate can be controlled for each transport block. This is superior to the Mux3 (PQ).
· Drawbacks:
The scheduler has to consider the rate matching attribute for each transport block according to the combination of the service flow in addition to the radio channel condition. This leads the increase of both L1 and L2 complexity. Furthermore, the signalling overhead for the indication of the multiplexing configuration (such as TFCI) could be increased according to the number of the possible multiplexing combination.
The possible combinations of services with different QoS is unpredictable and diversity of services would increase further in the future. The limitation of the TF combinations to decrease the signalling overhead would lose the freedom of the QoS control. Therefore we don’t see any advantages for the multiplexing of different QoS flows compared to the Mux4(PHY). We propose not to support it for the LTE.
The Mux4(PHY):

The benefits and drawbacks of the Mux4 (PHY) are summarized as follows:

· Benefits:

It has higher flexibility from the QoS control point of view than other multiplexing scheme since different channel coding and data moduration scheme can be applied for the respective VRBs. It also has higher affinty with PARC in MIMO transmission.

· Drawbacks:
The signalling overhead mignt be larger than other schemes.
However we think there is little impact on the signalling mechanism of the resource allocation for an UE since it is possible to assign multiple VRBs for the different UEs for the frequency domain scheduling. Therefore this is the simplest way to support the multiplexing of different QoS flow for one UE. In addition to this, it can be applied for multiplexing of the transport channles with different type (e.g, BCH, MCH, PCCH and DL-SCHs) for one UE in a TTI as mentioned in 2.2 in the DL. 

Therefore we propose to support the Mux4(PQ) for multiplexing data with different QoS requirements in one UE.

Note: It would be applied only for the MIMO transmission case in the UL.
Summary:
These are the summaries of our conclusion:
- The Mux3 (ARQ) doesn’t need to be supported both in the DL and in the UL.

- One multiplexing point is enough to support the multiplexing of data with different QoS requirements.

- The Mux3 (PQ) should be supported in the UL as long as the same resource grant scheme as in EUL is used. In the DL, it doesn’t have to be supported.

- The Mux4 (TB) should not be supported to avoid the complexity increase.

- The Mux4 (PHY) should be supported both in DL/UL for the multiplexing of data to/from one UE.
From the conclusion obtained so far, the proposed multiplexing structure for LTE in the DL and UL are illustrated in Fig.3(a) and 3(b), respectively. Note that the functionalities in the gray boxes are per UE functions.
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Fig. 3: Multiplexing structure for LTE
3 Proposal
We propose to include the following part of the multiplexing structure for E-UTRA to the TR [1].
------------------------------------------------------START of Text Proposal -----------------------------------------------------------
5.3.1
MAC

The MAC layer performs multiplexing of logical channels on the same HARQ process. There is only one level of multiplexing in the MAC layer, similarly as in HSUPA in Release 6(Figure 5.3.1a). This multiplexing is applied only for the UL.
NOTE: 
How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.

Figure 5.3.1b and Figure 5.3.1.c below depicts the MAC architecture for downlink and uplink respectively, where:

-
It remains FFS whether Outer ARQ is self contained in MAC or moved to a separate sub-layer (RLC);

-
The multiplexing of several logical channels on the same transport channel is possible, the multiplexing of several logical channel on severla transport channel is FFS.
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Figure 5.3.1a: Multiplexing in the MAC layer
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Figure 5.3.1b: MAC structure for DL in eNB
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Figure 5.3.1c: MAC structure for UL in UE
------------------------------------------------------END of Text Proposal -----------------------------------------------------------
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