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1 Introduction

Still basic format of MAC-e PDU is not decided yet. But to raise the transmission efficiency and to give more information of UE transmission status to the Node-B, there are some points to consider in the MAC-e PDU format in regard to the control information exchange in MAC layer. 

In this document, we look into the way for MAC-e PDU to convey MAC control information.

2 Need For Control PDU

As suggested by many companies, buffer status information is very helpful for the scheduling entity in Node-b. One way to convey this information from UE to Node-b is using E-DPCCH. But its limited bit space in E-DPCCH can give to Node-b only rough information of whether scheduling allocation should be increased or not. Furthermore, at the end the termination point of this information is layer 2. Thus, it is beneficial to utilize layer 2 signaling like MAC-e Control PDU for this purpose.

Preemption also can be one example for the possible application area of MAC-e Control PDU. The information of preemption can prevent UTRAN from waiting MAC-e PDU that is aborted in the UE. In fact, even though Node-B may know whether there was preemption or not, Node-B can not know which MAC-d flow or which TSN is impacted by the pre-emption. [1]

And another merit of MAC-e Control PDU is that the recipient of this PDU is not only the serving Node-b but also non-serving Node-bs. Thus in handover situation, better scheduling is foreseen.

Considering that there was some discussion to introduce MAC control PDU concept at the late stage of MAC-hs, we think that it is better to incorporate the mechanism from the very start of MAC-e PDU format discussion. 

3 Control PDUs For EDCH

Structure of Contol PDU

With regard to the delivering MAC control information, two ways are possible from the mechanism used in RLC. 

First one is stand-alone MAC-e Control PDU, which is not multiplexed with other MAC-d PDUs into one MAC-e PDU. Second one is piggybacked MAC-e Control PDU, which is multiplexed with other MAC-d PDUs into one MAC-e PDU.

The merit of stand-alone MAC-e Control PDU is that it can have its own power offset. Thus using high power offset, MAC-e of UE can transmit control information more reliably and with less delay to Node-b. On the other hand, it is FFS for piggybacked Control PDU how to apply poser offset. 

For piggybacked MAC-e Control PDU, the merit is that it can reduce the transmission inefficiency caused by the padding. Even though, there are several TB size tables, the padding will be inevitable due to many multiplexing option and PDU size. By filling up this padding space with more useful control information, transmission and scheduling efficiency can be increased.

Thus it is proposed to use both stand-alone and piggybacked MAC-e Control PDU.

 Identification of Stand-alone MAC-e Control PDU

If we agree to use MAC-e Control PDU, then we need some ways to identify that control information is included in the MAC-e PDU, in other words, that the transmitted PDU is MAC-e Control PDU. 

For the standalone MAC-e Control PDU, we have following options. 

First option is to use E-DPCCH. One bit of E-DPCCH can be used to indicate whether MAC-e Control PDU is transmitted or not. Possibly, 1 bit RR can be used for this purpose, considering that in most cases buffer status report can serve the same purpose of rate request. With this approach, we don’t need any extra bit in the MAC-e PDU to indicate whether the MAC-e PDU is control PDU or just a data PDU.

Second option is to allocate 1 bit at the start of MAC-e PDU for the identification of MAC-e Control PDU. This is similar to the “D/C” field used in RLC. This is a simple scheme and we don’t waste valuable 1 bit in E-DPCCH.

Third option is to use special value of QID or DDI or MAC-d flow. For example, if QID or DDI is set to specific value, this means that the PDU is Control PDU. Even though this scheme does not require one bit in either in MAC-e PDU or in E-DPCCH, this scheme restricts the number of available QID or DDI.

Thus for simplicity and flexibility, we prefer second option.

 Structure of Stand-alone MAC-e Control PDU
As mentioned earlier, Control PDU can convey many different contents. Thus it may consist of many different information blocks like preemption information block, allocated rate information block, or buffer status information block, etc. But all the information does not need to be transmitted at the same time. In short, flexible structure is needed for Control PDU.

Then, one possibility is to use the concept of SUFI of RLC. As RLC control PDU is dividable into each SUFI field, MAC-e control PDU can be composed of elementary MAC-e Control Information Block (MCIB) of different meaning and purpose. As shown in RLC, this MCIB concept is well suited into the both piggybacked PDU and standalone PDU.

By the way there is one thing we should look at. Actually, while information like buffer status in each logical channel or MAC-d flow is useful to Node-b scheduler, preemption information such that which TSN of witch reordering entity has been aborted will be useful to MAC-es entity in SRNC. Thus we need to have identification to which entity the information is related. If this field is used then MAC-e does not need to understand the information for the MAC-es and just will transport the block over Iub. And if there is a field that indicated whether the control PDU is for MAC-e or for MAC-es, and then new control information for the MAC-es can be easily introduced in the future release. And because only one bit is required for this purpose, the overhead is trivial.

Following is an example for the Standalone MAC-e Control PDU format.
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D/C – indicate whether the PDU is Data PDU or Control PDU. If E-DCCH is used for the indication, this field is not needed.

N – indicate the number of MCIBs. When interpreted together with MCIBs, this will indicates from where the Padding begins. In practical case, only 2 will be enough, one MCIB for MAC-e and one MCIB for MAC-es:

MCIB – MAC-e Control Information Block. This can be buffer status information or current allocated uplink rate information or preemption information, etc.

Following is an example of MCIB format.
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E/ES – indicate whether the MCIB is for MAC-e or MAC-es.

LEN – indicate the length of this MCIB. With this, Node-b does not need to understand INFO, when the MCIB is for MAC-es.

INFO – This is a useful information. What should be included and how to organize is FFS. But there should be a mechanism for further expansion.

 Structure of Piggybacked MAC-e Control PDU

In fact, available size of transport block for E-DCH is predefined in the table. And because there are many possible ways for the multiplexing, it is foreseen that almost all the time there exists padding in the MAC-e PDU. If we can use this padding space for the transfer of MAC control information, this will reduce the frequency of standalone MAC-e Control PDU. This is advantageous, because standalone MAC-e control PDU just takes all whole TTI without transmitting any user data.

Actually, there are two ways for the implementation of this piggybacked MAC-e Control PDU. 

First case is to include one piggybacked MAC-e Control PDU at the end of MAC-e PDU. This is replacement padding with MAC-e control PDU. In this case, the format of piggybacked MAC-e Control PDU is the same as stand-alone MAC-e Control PDU. Following is example MAC-e PDU of first case.
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Second case is to attach the MAC-e Control Information at the end of each reordering flow or MAC-d flow in MAC-e PDU. In this case, each attached control information block is for the concerned MAC-d flow or logical channel. This is like a modification of MAC-es PDU. Following is example MAC-es PDU of second case.
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But there are some points in considering second option. For easy calculation of PDU size at MAC-e, the Control PDU size should be the same as MAC-d PDU. Or, there should be some expansion mechanims in the Combined header to indicate that control PDU is included.

Considering the complexity and the impact in the MAC-e PDU, it is proposed to use first option.
4 Conclusion

This paper discussed UE transmitter control information transfer by using MAC-e PDU. It is proposed to discuss above points and agree:

· To use both stand-alone and piggybacked MAC-e control PDU.

· To adopt information block concept in composing MAC-e Control PDU 

· To separate control information into MAC-es specific block and MAC-e specific information block

· To attach piggybacked MAC-e Control PDU at the end of MAC-e PDU 
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