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1. Introduction

Some initial discussion of the possible multiplexing options from QoS flows to physical channels took place at RAN2#51, resulting in the following generic diagram:
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In this contribution we develop further the discussion in [1] and [2], focusing on the multiplexing below the Outer ARQ: Mux3 in the MAC and Mux4 in the Phy. 

2. Mux3

The Mux3 allows the possibility of multiplexing multiple Priority Queues into a single HARQ process. This is used in EUL, but not for HSDPA. It can have the advantage of reducing signalling overheads for control channels (scheduling and ACK/NACK), but is limited in terms of the possibilities to control QoS individually for each priority queue. 

For example, in EUL, where only a single transport block can be transmitted per TTI, the only available degree of freedom for controlling the QoS is the overall power offset for the whole HARQ process, which is used as a crude way of controlling the HARQ operating point. This power offset has to be set according to the needs of the highest-priority logical channel that is multiplexed into the transport block, with the result that excessive transmit energy may be used for lower-priority logical channels.

We propose that the Mux3 should be available in LTE for queues with similar attributes. However, because of the considerations above, the Mux3 should not be the only available multiplexing stage below Outer ARQ. Some limited Mux4 capability should also be present in the Phy. This implies that it should be possible to transmit more than one transport block per UE per subframe. This is discussed further below. 

3. Mux4

Two alternatives may be identified for the Mux4 in a subframe:

1. Multiplexing different transport blocks into the same virtual resource blocks (VRBs). 

2. Mapping different transport blocks onto different VRBs.

1. Multiplexing different transport blocks into the same virtual resource blocks (VRBs). 

Multiplexing different transport blocks into the same VRB can result in increased complexity, as demonstrated by the Rel-99 rate matching structure. We therefore propose that it should not be possible to map different transport blocks into the same VRB in LTE.

2. Mapping different transport blocks onto different VRBs.

On the other hand, mapping different transport blocks onto different VRBs does not suffer from this increased complexity, but nonetheless allows the QoS of each transport channel to be controlled independently. This can be achieved as the modulation and coding scheme can be selected independently for each transport block. This allows more efficient control of QoS than can be achieved using Mux3. 

An important benefit of this type of Mux4 is that it allows different transport channels to be mapped to different types of VRB (distributed or localised in the frequency domain). It has been pointed out (e.g. [3]) that it will be necessary to allocate certain physical resources on a periodic basis, for example for VoIP services with regular packet transmissions of a predictable size. Such transmissions are likely to use distributed VRBs. Other services may be better suited to mapping to localised VRBs (e.g. if suitable CQI is available). 

Mux4 by means of mapping different transport blocks onto different VRBs allows distributed and localised transmission to take place in the same subframe, without the localised transmissions disrupting any persistently-scheduled distributed transmissions. The coding and transmission interval of the distributed transmissions can remain constant, even if other transport blocks are transmitted in the same subframe. 

The ability to transmit multiple transport blocks per UE per subframe is also useful for MIMO, for example for the PARC-type schemes proposed by a number of companies. 

We therefore propose that Mux4 should be supported in LTE as follows:

· Multiple transport channels cannot be multiplexed into one VRB

· All the VRBs used by one transport block are of the same type (either distributed or localised)

· Multiple transport channels can be transmitted per UE per subframe by mapping each transport block onto different VRBs, with independent ACK/NACK (at least for DL; FFS for UL)

· VRBs used by different transport blocks may be of different types (distributed or localised).

These proposals are similar to those made in [4] and [5].

4. Conclusion

Our proposals for Mux3 and Mux 4 are as follows:

Mux3

· Mux3 should be available in LTE for queues with similar attributes. 

· Mux3 should not be the only available multiplexing stage below Outer ARQ. 

· More than one MAC PDU should be possible per UE per subframe.

Mux4

· Multiple transport channels cannot be multiplexed into one VRB

· All the VRBs used by one transport block are of the same type (either distributed or localised)

· Multiple transport channels can be transmitted per UE per subframe by mapping each transport block onto different VRBs, with independent ACK/NACK (at least for DL; FFS for UL)

· VRBs used by different transport blocks may be of different types (distributed or localised).

These proposals are illustrated in the following Figure:
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Text proposals are provided at the end of this document to capture this conclusion in TR25.813 and TR25.814. 
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6. Text proposal for TR25.813

-- Start of text proposal -- 

5.3.1
MAC

The MAC layer performs multiplexing of logical channels on the same HARQ process. Whether logical channels with the same QoS shall be multiplexed onto the same priority queue (e.g. by means of “MAC-d flows”) is FFS. If there is no multiplexing of logical channels onto priority queues, there is only one level of multiplexing in the MAC layer, similarly as in HSUPA in Release 6.
NOTE: 
How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.
Below the outer ARQ, multiple Priority Queues with similar QoS attributes can be multiplexed into a single HARQ process.

Multiple transport channels can be transmitted per UE per subframe by mapping each transport block onto different VRBs, with independent ACK/NACK for the downlink (FFS for uplink)

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

 the multiplexing of several logical channels on the same transport channel is possible.
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Figure 5.3.1a: MAC structure for DL in eNB
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Figure 5.3.1b: MAC structure for UL in UE

-- End of text proposal -- 

7. Text proposal for TR25.814

-- Start of text proposal -- 

-- Start of text proposal part 1 --

7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of physical resource blocks (PRB) consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account. The size of the baseline physical resource block, SPRB, is equal to MxN, where M=25 and N is equal to the number of OFDM symbols in a subframe (the presence of reference symbols or control information is ignored here to simplify the description). This results in the segmentation of the transmit bandwidth shown in Table 7.1.1.2.1-1.

Table 7.1.1.2.1-1 Physical resource block bandwidth and number of physical resource blocks dependent on bandwidth.
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Physical resource block bandwidth (kHz)
	375
	375
	375
	375
	375
	375

	Number of available physical resource blocks
	3
	6
	12
	24
	36
	48


Using other values such as, e.g. M=15 or M=12 or M=10 or M equal to other values can be considered based on the outcome of the interference coordination study.
The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

Both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are also to be supported as a means to maximize frequency diversity. To describe this, the notion of a virtual resource block (VRB) is introduced. A virtual resource block has the following attributes:

· Size, measured in terms of time-frequency resource.

· Type, which can be either ‘localized’ or ‘distributed’.
All localized VRBs are of the same size, which is denoted as SVL. The size SVD of a distributed VRB may be different from SVL. The relationship between SPRB, SVL and SVD is FFS.

Distributed VRBs are mapped onto the PRBs in a distributed manner. Localized VRBs are mapped onto the PRBs in a localized manner. The exact rules for mapping VRBs to PRBs are FFS.

The multiplexing of localized and distributed transmissions within one subframe is accomplished by FDM.
As a result of mapping VRBs to PRBs, the transmit bandwidth is structured into a combination of localized and distributed transmissions. Whether this structuring is allowed to vary in a semi-static or dynamic (i.e. per subframe) way is FFS. The UE can be assigned multiple VRBs by the scheduler. 
A single L2 PDU may be mapped to more than one VRB, but all VRBs to which a single L2 PDU is mapped in a single subframe are of the same type (distributed or localised).

Multiple L2 PDUs may be transmitted per user per subframe. The exact upper limit on the number of L2 PDUs per user per subframe is FFS. When multiple L2 PDUs are transmitted to one user in a single subframe, each L2 PDU may be mapped to a different type of VRB.
The information required by the UE to correctly identify its resource allocation must be made available to the UE by the scheduler. The number of signalling bits required to support the multiplexing of localized and distributed transmissions should be optimized.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.

-- End of text proposal part 1 --

-- Start of text proposal part 2 --

7.1.2.2

Link adaptation


Link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel. The same coding and modulation is applied to all groups of resource blocks belonging to the same L2 PDU scheduled to one user within one TTI and within single stream (i.e., different modulation schemes and coding rates may be applied to different streams in case of MIMO). This applies to both localized and distributed transmission. 

In cases when multiple L2 PDUs are transmitted to one user in a single subframe, each L2 PDU is coded and modulated separately and transmitted as a separate codeword. Layer 1 does not multiplex data from different L2 PDUs into a single codeword transmission. 
The overall coding and modulation is illustrated in Figure 7.1.2.2-1

The use of power and modulation adaptation per resource block is FFS. 
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Figure 7.1.1.2-1 – Resource block-common adaptive modulation and resource block-common channel coding rate scheme (for localized and distributed transmission modes).
-- End of text proposal part 2 --

-- End of text proposal -- 
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