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Introduction
This contribution highlights some of the LTE MAC sub-header limitations and highlights how these limitations could be overcome in NR.
[bookmark: _Ref178064866]Discussion
MAC control elements serve different purposes. These commands were introduced to quickly convey control information to the network or to the UE and are typically addressed to assist features and functionalities which are placed in the lower layers e.g. L1, or MAC. 
NR and LTE are meant to co-exist and, in many cases, they may be very tightly integrated. In addition, many more services are expected to be supported by future network which may also impose different requirements. Future needs cannot be predicted but, protocols should be flexible so that they are prepared to cope with future needs and requirements. When we look at the MAC sub-header structure, using the LTE baseline as reference, we find some limitations in the extensibility.
Some of the MAC CEs have been extended during the years to allow more flexibility (e.g. BSR and PHR). This has been done by using the limited set of LCIDs allocated for this purpose. It would be desirable that in NR the MAC CEs are designed with a MAC sub-header which allows for a more flexible structure. For example, the BSR could be designed so that the structure allows to report the buffer status for a varying number logical channels, thereby replacing the need for separate LCIDs for short and long BSRs by using the same LCID.
This limitation could be addressed by designing the MAC sub-header and MAC CEs in a forward compatible way which minimizes the need to use new LCIDs each time an extension to an existing MAC CE is needed.
LCIDs
A MAC sub-header carries the LCID field which identifies the logical channel or the MAC CE. In LTE the number of LCIDs is limited to the defined LCID space shared between logical channels and MAC CEs. MAC CEs or other LCH that may be added in the future thus come at the expense of reserving instances in the LCID space dedicated to signaling and data channels. For NR, the two most straight-forward options how to enlarge the LCID space are:
1. Shared logical channel space
This can be achieved by increasing the number of bits in the LCID from 5 bits to 6 or more.
2. Dedicated logical channel space
This can be achieved by introducing a new field which separates the space which can be used for data and control. The main benefit of this is that data logical channels and MAC CEs will not compete for the same LCID space. This gives more flexibility to introduce MAC CEs without reducing the possibility to increase the number of logical channels.
Separating the data and control channel would add only one bit overhead, while it would allow more flexibility in the LCID space. Furthermore, when LCID space is increased by one or more bits, it might impact implementations as LCID can be used as a key to distinguish elements in the memory. 
[bookmark: _Toc476140284][bookmark: _Toc476140465][bookmark: _Toc476906098][bookmark: _Toc478039742][bookmark: _Toc478138209]LCID space for data and control should be separated.
[bookmark: _Toc476906099][bookmark: _Toc478039743][bookmark: _Toc478138210][bookmark: _Toc478150574][bookmark: _Toc478151145]Introduce a field in the MAC sub-header to indicate if the LCID is data (i.e. a logical channel) or control (i.e. a MAC CE).
MAC PDU discard due to unknown MAC CEs
In LTE, if the MAC receiver does not recognize an LCID (i.e. it is reserved), the whole MAC PDU is discarded. Only for MBMS, there is a separate handling specified so that certain MAC CEs, or fields can be ignored so that the whole MAC PDU is not discarded even if the UE does not support the MAC CEs. We feel that this design may be more robust in some cases given that this is consistently specified. Note that, this should not mean that the UE or the NW can make usage of functions/capabilities which are not supported by the NW or the UE. The principle should always be that the UE and the NW utilize features which have been configured and which the NW and UE are capable for. Exceptions, like in MBMS, should be agreed.
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In other to achieve this, all elements in a MAC PDU should be self-contained i.e. sub-headers should allow the receiver to identify the beginning/end of each of the MAC sub-headers.
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In some cases, the MAC CE size is well known or the LCID itself identifies the action to perform. In such cases, the need of a length field is not justified. However, one bit may be enough to indicate if a length field is included in the sub-header or not. 
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce a field in the MAC sub-header to indicate if the LCID is data (i.e. a logical channel) or control (i.e. a MAC CE).
Proposal 2	The MAC receiver should be able to only discard the parts of the PDU which it cannot decode (but not the whole MAC PDU).
Proposal 3	As a general rule, MAC sub-headers should have a length field.
Proposal 4	Introduce a field in the MAC sub-header to indicate the presence of a length field is included.
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