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1 Introduction

In [1] the conclusions on how UE can request resources from the NodeB(s) in the form of scheduling information in terms of content, triggers and transmission and reliability scheme are captured. One issue left for FFS is how scheduling information is included in the MAC-e PDU.  
In this contribution two mechanisms to piggyback scheduling information in the MAC-e PDU are presented and proposed to apply. Basically, both mechanisms differ in whether they are transparent or not to the E-TFC selection functionality. 

2 Piggyback mechanisms
In [2] and [3] proposals for piggybacking scheduling information into MAC-e PDU are described. Samsung’s preference is to use a special DDI value to indicate the existence of scheduling information in the MAC-e PDU, whereas LGE’s preference is to use a 1-bit “D/C” identifier in the MAC-e header to discriminate between MAC-e PDU containing scheduling information only and MAC-e PDU containing data and scheduling information. Common in both paper is that the scheduling information is piggybacked as separate MAC-es PDU into the MAC-e PDU.
In the following two piggyback mechanisms based on their impact on the existing MAC-es/e functionalities are presented. Our preference is to use special DDI values to indicate the existence of scheduling information in the MAC-e PDU. 
Piggyback mechanism #1:

This mechanism is controlled by E-TFC selection functionality and applicable for transmission of scheduling information alone or with data (scheduled or non-scheduled). 

Figure 1 depicts an exemplary MAC architecture on UE side to support this method. In the MAC-es/e entity a new “MAC-es/e control” functionality is proposed, wherein scheduling information is generated and buffered for transmission. According to mechanism #1 the scheduling information is piggybacked as separate MAC-es PDU into the MAC-e PDU. The main idea is that a special MAC-d flow 0 is associated to the “MAC-es/e control” functionality, which terminates in MAC-es/e, i.e. no logical channel is multiplexed on this MAC-d flow. Nevertheless it is required that the network configures QoS-related information such as “logical channel priority” and HARQ profile appropriately to this MAC-d flow 0 in order to “guarantee” the uplink transmission of scheduling information.
The E-TFC selection functionality carries out the E-TFC selection procedure taking into account the logical channel priorities and the amount of data in RLC buffer and “MAC-es/e control” buffer as well as the allowed MAC-d flow combinations. According to the selected E-TFC and MAC-d flow combination the „Multiplexing and TSN setting“-functionality concatenates data (MAC-d PDUs) and scheduling information into MAC-es PDUs appropriately, and one or multiple MAC-es PDUs into a single MAC-e PDU. In Figure 2 the resulting MAC-e PDU is illustrated, wherein it is assumed that data from each MAC-d flow are multiplexed on the MAC-e PDU and the scheduling information is multiplexed at the beginning of the MAC-e payload as MAC-es PDU0 on the MAC-e PDU.
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Figure 1: MAC-es/e architecture in UE according to mechanism #1
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Figure 2: Structure of MAC-e PDU according to mechanism #1

Piggyback mechanism #2:

This mechanism is transparent to the E-TFC selection functionality and applicable for transmission of scheduling information with data (scheduled or non-scheduled) only. 

Figure 3 depicts the MAC architecture on UE side to support this method. There, the “MAC-es/e control” functionality is only logically connected to the „Multiplexing and TSN setting“-functionality, i.e. the E-TFC selection functionality carries out the E-TFC selection procedure independent on the amount of data in the “MAC-es/e control” buffer.

According to mechanism #2 the „Multiplexing and TSN setting“-functionality controls how scheduling information is included in the MAC-e PDU. In case there is scheduling information to transmit it generates the corresponding MAC-es PDU and multiplexes this in any case on the MAC-e PDU. The remaining transmission capacity on E-DCH is then filled appropriately according to the MAC-d flow combination as signaled by the E-TFC selection functionality. The resulting MAC-e PDU according to mechanism #2 is the same as to mechanism #1 as illustrated in Figure 2. Due to the general assumption that the transmission of scheduling information has higher priority than data the MAC-es PDU corresponding to the scheduling information is multiplexed at the beginning of the MAC-e payload as MAC-es PDU0 on the MAC-e PDU.
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Figure 3: MAC-es/e architecture in UE according to mechanism #2

3 Summary
In this contribution two mechanisms to piggyback scheduling information in the MAC-e PDU are proposed to apply:
· Piggyback mechanism #1, which is controlled by E-TFC selection functionality and applicable for transmission of scheduling information alone or with data (scheduled or non-scheduled);
· Piggyback mechanism #2, which is transparent to the E-TFC selection functionality and applicable for transmission of scheduling information with data (scheduled or non-scheduled) only.
Furthermore, it is proposed to include a new “MAC-es/e control” functionality within the MAC-es/e entity, wherein scheduling information is generated and buffered for transmission.
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