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1 Introduction

In previous meeting in Yokohama, MAC-e PDU format was decided. But decision on how to convey control information like buffer information or power information could not be reached. 

This document discusses the way to convey MAC-e control information using MAC-e PDU.

2 Discussion

2.1 Different Formats For Control Information

There are two occasions when control information is transferred to UTRAN. One is when there is no granted rate for the UE and the other is when there are some granted rates for the UE.

The criteria that will decide whether to allow different structures for the MAC-e PDU in above two cases is whether we are going to allow muxing control information and the MAC-es PDUs at the same time in both occasion. If muxing control information with MAC-es PDU is allowed when there is no granted rate for the UE, then MAC-e PDU format will be the almost same at both occasions and the work will be to specify what kind of data will be included how much.

Actually, when the UE tries to transmit control information using non-scheduled transmission, if the UE is allowed to include not only control information but also MAC-es PDUs, then we lose the flexibility to update the control information like power status information while performing the HARQ retransmission. Also, for the transmission of the bigger MAC-e PDU caused by the inclusion of MAC-es PDUs, more power will be needed and more delay is foreseen.

Thus we think that it would be better to define MAC-e PDU format including only control information at the beginning of burst.  

2.2 Identification of Control Information

There are two kinds of identification of control information. First identification is to tell whether control information is included or not, and the second identification is to tell what kind of control information is included.

2.2.1 Identification of Existence of Control Information in MAC-e PDU

For the case of control information transfer with non-scheduled transmission, there are three 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. The demerit of this approach is that it consumes continuously valuable physical resources. And when the control information is multiplexed into MAC-e PDU with MAC-es PDU, then this bit is unusable for the identification purpose.

Second option is to allocate 1 bit at the start of each 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 and proven approach.

Third option is to use special value of DDI. Currently, DDI value [111111] is used to indicate the existence of padding. In the same way, specific DDI value can be used to indicate the existence of control information, at the expense of shortened usable DDI range. 

By the way, between second and third option, consideration should be made to the frequency of control information. Because DDI field is 6 bit long, if the occurrence of MAC-e PDU including only control information with non-scheduled transmission is less than 1 per 6 MAC-e PDU, this means that second option consumes more bit for the identification than the third option.

For the case of multiplexing of control information with MAC-es PDUs, there are two ways for identification of control information.

First one is similar to the above option two. If we assume that the control information is included at the end of the MAC-e PDU in this case, then one bit identifier at the start of padding space will indicate the existence of control information. For example, when the first bit of padding space is set to 1, it could mean the existence of control information. And it is set to zero, then all the next bits are padding bit. But this method needs DDI field that is set to [111111] at the end of MAC-e header. 

Second one is similar to above third option. If the last DDI field is set to specific value, this can be used to mean the existence of control information at the end of MAC-e PDU. In other words, we can directly indicate the existence of control information by using specific value of DDI, rather than by using [111111] at the end of MAC-e PDU header. Thus this option can cost one less bit, compared to previous option. 

2.2.2 Identification of Type of Control Information in MAC-e PDU
Currently section 9.3.1 of 25.309 specifies that:

The Scheduling Request contains the following type of information: 

· UE buffer occupancy;

· Estimation of the available or needed power/rate;

· Further information needed and details are FFS;

Actually, all this information may not needs to be transferred at the same time and new information element may be introduced for other purpose in the future. Thus we need to have more general mechanism for identification of each included control information blocks.

If this is true, then, one possibility is to use the concept of SUFI of RLC. As RLC control PDU can be dividable into each SUFI field, control information of MAC-e PDU can be composed of elementary MAC-e Control Information Block (MCIB) of different meaning and purpose, with type field attached at the start of each MCIBs for identification purpose. 

By the way, there is one more thing we should look at. While information like buffer status is useful to Node-b scheduler, other information elements that may be introduced will be useful to MAC-es entity in SRNC. The differentiation of destination network node can be done either by looking into MCIB type or by including one bit identifier in each MCIB to indicate which network node the control information is intended to.
To include one bit identifier to determine the destination node may lead to the waste of 1 bit. On the other hand, the Node-b may simply transfer the entire control information block, which it can’t understand like unrecognizable MCIB type, to SRNC. This may reduce the chance where Node-b should be updated whenever new information elements are introduced for SRNC. In this method, for Node-b to decide where the MCIB starts or ends, TLV type of information block structure may be needed.

3 Proposed Format

Following can be possible example for MAC-e PDU based on the section 2.
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Figure 1 MAC-e Format including only control information
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Figure 2 MAC-e Format when control information is muxed with MAC-es PDUs
Figure 1 depicts MAC-e PDU format when only control information is included in the MAC-e PDU. This format can be used when UE has no granted rate, when there are no MAC-es PDUs available to send or there is an urgent need to transmit control information as fast as possible.

On the other hand, figure 2 depicts MAC-e PDU format when control information and MAC-es PDUs are multiplexed into same MAC-e PDU. This format can be used when there are some grants allocated to UE.

Here D/C field used to differentiate the two different formats used above. This has similar functionality of D/C field of RLC entity. And figure2, if DDIm is set to [111111] this means there is padding at the end of MAC-e PDU and if DDIm is set to other predefined value like [111110], this is used to indicated that following information after the last MAC-es PDU is control information.

And each MCIBn means MAC-e control information block. This can be available power information, buffer status information, or something else.

4 Conclusion

In this document, we discussed possible solutions for inclusion control information into MAC-e PDU. It is proposed to discuss and decide into specification the MAC-e PDU format for control information transfer
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