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1 Introduction

An open issue that will need to be resolved for the E-UTRA downlink is the interface between the MAC and PHY layers, in particular the number of transport blocks (i.e. L2 PDUs) that may be transmitted to a single user in a single sub-frame. 

In this document we discuss the pros and cons of different mappings and propose a way forward. 

2 Discussion

It has been agreed in R1-060261 [1] that “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”. Further, in R1-060263 [2], it was agreed that “The UE can be assigned multiple VRBs by the scheduler.” 

Remaining areas for clarification include the mapping between L2 PDUs and VRBs, and between L2 PDUs and physical layer codewords
. 

We use the terminology “L2 PDU” to refer to a transport block passed down to Layer 1 from Layer 2. 

How many VRBs should a single L2 PDU be able to be mapped to, and of what type?

In order to allow a sufficient range of L2 PDU sizes, it seems clear that a single L2 PDU should be able to be mapped to more than one VRB in a subframe. We propose that in cases when a single L2 PDU is mapped to more than one VRB, all the VRBs to which the L2 PDU is mapped should be of the same type (distributed or localised).

We do not see a need to be able to map a L2 PDU to VRBs of different types, as this would imply different scheduling modes for the same data. Resource allocations would typically be determined on the basis of either the availability of up-to-date CQI or the type of data (e.g. rate and/or periodic/non-periodic). The availability of up-to-date CQI should be the same for all data transmissions in a single subframe, while the type of data should be the same for the whole of a L2 PDU. We therefore propose that all VRBs to which a single L2 PDU is mapped in a single subframe should be of the same type. 

How many L2 PDUs should be able to be transmitted per UE per subframe?

It is necessary to achieve a suitable balance here between flexibility, optimality and complexity.  

Complexity / optimality 

The Release 99 rate-matching has significant complexity, partly as a result of mapping multiple transport blocks to a single CCTrCH. 

On the other hand, in the Enhanced Uplink, only a single transport block is able to be transmitted per subframe. This embodies some degree of flexibility by including the possibility to transmit both scheduled and non-scheduled data in a single TTI, but the fact that only one transport block is passed down to the physical layer means that the ability to set appropriate transmission parameters for the priority and QoS requirements of each logical channel is limited. The only available degree of freedom is the power offset, 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 therefore believe it is beneficial to be able to process data with different priorities or different QoS requirements independently at the physical layer. This implies the possibility of a separate coding chain for each L2 PDU, which in turn implies that multiple L2 PDUs should be able to be transmitted per UE per subframe. 

Flexibility

Data scheduling has to be taken into account here. It has been pointed out (e.g. [3]) that it is likely to be able to allocate certain physical resources on a periodic basis, for example for VoIP services with regular packet transmissions of a predictable size. For other services, it will be necessary to allocate specific physical resources (regardless of whether they are distributed or localised) on a short-term non-periodic basis using specific scheduling for each packet. In the event of one of these non-periodic transmissions coinciding with a periodically-scheduled transmission, there are a number of possibilities for transmission:

a) Delay the non-periodic transmission until the following TTI. This could be unacceptable from a delay-optimisation point of view. 

b) Multiplex the periodic and non-periodic transmissions into a single block for joint coding and transmission. This would result in the decoding operation for the periodic transmissions changing from one packet to the next depending on whether non-periodic data happened to be transmitted simultaneously. Thus the decoding time and number of retransmissions required would not be consistent. It is also likely that there will have to be different maximum numbers of retransmissions for different classes of data; for example, periodic transmissions for a real-time service might be subject to a lower maximum number of retransmissions than non-periodic transmissions for FTP. 

c) Pass two separate L2 PDUs to the physical layer for multi-codeword transmission. This enables physical layer coding and HARQ functionality to be carried out independently for each L2 PDU, taking into account the requirements of each. 

In view of the drawbacks of (a) and (b), we recommend taking approach (c) and allowing multiple L2 PDUs to be transmitted per UE per subframe, with the exact number of L2 PDUs being chosen to take into account the HARQ signalling overhead.

In view of these considerations, we propose that multiple L2 PDUs should be able to be transmitted per UE per subframe. In cases when multiple L2 PDUs are transmitted to a UE in a single subframe, it should be possible for the type of VRB to which each PDU is mapped to be different. 

For simplicity, we propose that each L2 PDU passed down to Layer 1 should be transmitted as one separate codeword (or possibly more than one in the case of multi-stream MIMO) with independent ACK/NACK – i.e. Layer 1 should not be required to multiplex multiple L2 PDUs into a single codeword. (If a single ACK/NACK is intended, the multiplexing should be done above Layer 1, so that a single L2 PDU is passed down to Layer 1.) 

Consistency between MIMO and non-MIMO cases

It should be possible to transmit multiple L2 PDUs each as a separate codeword in multiple-codeword transmission within a single subframe in both the MIMO and non-MIMO cases. 

It could also be possible with multi-codeword MIMO to split a single L2 PDU for multiple-codeword transmission. 

3 Conclusions

We have considered some details of the mapping between L2 PDUs and VRBs, and between L2 PDUs and physical layer codewords. Our proposals are summarised as follows: 

1. A single L2 PDU should be able to be mapped to more than one VRB of the same type (distributed or localised).

2. All VRBs to which a single L2 PDU is mapped in a single subframe should be of the same type. 

3. It should be possible to transmit multiple L2 PDUs per UE per subframe. (The exact upper limit on the number of L2 PDUs per UE per subframe is FFS.)

4. In cases when multiple L2 PDUs are transmitted to a UE in a single subframe, it should be possible for each PDU to be mapped to a different type of VRB. 

5. In cases when multiple L2 PDUs are transmitted to a UE in a single subframe, each L2 PDU passed down to Layer 1 should be transmitted as a separate codeword. Layer 1 should not multiplex data from different L2 PDUs into a single codeword transmission (such multiplexing should be done above Layer 1). 

These proposals are illustrated in the following Figure. 
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A text proposal for TR25.814 is provided in [4].
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� Note that for MIMO, it is already assumed that transmission of up to 4 codewords will be considered per time-frequency-code resource.
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