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1	Introduction
In the LS R2-2204012, RAN1 has indicated to RAN2 a certain number of MAC CEs that should be introduced in Rel.17. During the email discussion [Post117-e][014], RAN2 made an attempt to implement those MAC CEs in the TS 38.321 IAB running MAC CE. However, due to the complexity, only some of them were eventually captured in the running CR. RAN2 is expected to continue discussing how to properly design those MAC CEs
In this paper, we present our views on this issue.
[bookmark: _Ref178064866]2	Discussion
In the LS R2-2204012, the following MAC CEs require some discussion since their design is not really straightforward (in brackets the parameter reference in the LS):
· Child IAB-DU Restricted Beam Indication (P12)
· IAB-MT Recommended Beam Indication (P23)
· Desired DL TX Power Adjustment (P17)
· DL TX Power Adjustment (P18)
· Desired IAB-MT PSD range (P19)

As emerged in the running MAC CE discussion in the email discussion [Post117-e][014], capturing those MAC CEs is quite complicated. The complexity arises not only from the large amount of parameters that should be conveyed in those MAC CEs, but most important from the very large combinations of those parameters that should be supported according to the RAN1 LS.
Taking as an example the Child IAB-DU Restricted Beam Indication, the following description is provided in the RAN1 LS:
[image: ]

As we can see form the above description, for each combination of MT serving cell and DU cell, the parent node may signal different combinations of beam-specific information, including the multiplexing mode info, the association of the DL beam to TCI state/RS-ID/SSB-ID/SRI, and the list of slots (with associated periodicity) to which such combination of information should be applied. 
Only capturing the combination of MT serving cells and DU cells will make the MAC CE very large, because there are 32 serving cells and 512 DU cells. Additionally, to further complicated things is that the list of slots can be very big by itself, considering that there are 5120 slots available, and this list may be then made up of any combination of 5120 integers. On top of it for each of combination, the parent node should signal up to 8 restricted beams.
In the following it is provided an analysis of the potential size of the MAC CE:
· MT cell (5 bits)
· DU cell (9 bits)
· Multiplexing mode (2 bits to indicate the support of the 4 multiplexing mode + 1 bit to indicate if FDM is required (see TS 38.473 design))
· Non overlapping information (1 bit)
· Association with RX beam (2 bits)
· List of slot (13 bits to represent just one slot out of 5120 possible slots, times the number of slots in the list)
· Periodicity (4 bits)
· Restricted beam ID (8 bits)
· Child IAB DU beams (8 bits)
The above information should be repeated for each MT cell/DU cell pair, and up to 8 times, i.e. one for each signalled restricted beam. If we consider multiple slots in the list, the overall size of the MAC CE may become in the order of hundreds of Kbits and more, which is unacceptable from a design point of view. 
Given the analysis above, it is easy to figure out that the size of the MAC CE will grow large very quickly, and it is impractical to convey all such a bunch of information via MAC CE. Not only the design (both in the 3GPP MAC specification, and in product implementation) will be very complicated but also the description of the various fields in the MAC CE will not immediate given that we will likely need to introduce multiple subscripts to each field given the multiple combination of information that should be expressed. Moreover, even if some of the introduced fields are optional, still the MAC CE design has to account for the potential presence of those fields, thereby creating overhead. For example, the presence of the MT CC may be optional, if the beam restriction indication should be applicable to the entire DU cell. 
Additionally, this design would make the potential extension of the MAC CE in future releases quite complicated, e.g. if a new variable is introduced or if an existing variable is modified, that would require an entire new design of the MAC CE. For example, if new periodicity values need to be introduced in future (just as an example), then some more bits may be need to be added to the existing MAC CE which would call for a new MAC CE format (which is certainly not very desirable from a MAC specification point of view)
[bookmark: _Toc101817604]The design of the following MAC CEs in TS 38.321 might be very complicated:
a. [bookmark: _Toc101817605]Child IAB-DU Restricted Beam Indication
b. [bookmark: _Toc101817606]IAB-MT Recommended Beam Indication
c. [bookmark: _Toc101817607]Desired DL TX Power Adjustment
d. [bookmark: _Toc101817608]DL TX Power Adjustment
e. [bookmark: _Toc101817609]Desired IAB-MT PSD range

[bookmark: _Toc101817610]The large amount of parameters combinations that need to be conveyed in those MAC CEs would imply the following:
f. [bookmark: _Toc101817611]Huge overhead in the MAC CE due to massive amount of parameters combination (some of which may be optional) that should be supported
g. [bookmark: _Toc101817612]Very large MAC CEs which would require difficult design both in the 3GPP MAC specification and in the product implementation
h. [bookmark: _Toc101817613]Difficult interpretation of the specification with many field that will likely requires multiple subscripts given the multiple combinations of information conveyed.
i. [bookmark: _Toc101817614]Difficulties in extending those MAC CEs in future releases, if new parameters are introduced or if existing parameters are modified.
Additionally, we also note that the MAC CEs are typically used to provide dynamic updates between network and devices. Given the expected large size of these MAC CEs and the related overhead (as highlighted in the analysis above), it is important to identify those variables that do not need frequent updates and that can be transmitted semi-statically. Otherwise, the usage of those IAB MAC CEs in a real-world deployment might be quite unfeasible. 
[bookmark: _Toc101817615]MAC CEs are used to dynamically exchange information between network and controlled devices. It is important to limit the overhead of MAC CEs, and identify the information that do not need frequent updates.
For example, in our view, what it is required to be transmitted dynamically is the indication of the restricted/recommended beams (for the MAC CEs in P12 and P23 of the RAN1 LS), and the power adjustments indication (for the MAC CEs in P17, P18, P19). All the other information in our view can be configured semi-statically via RRC, since they should not be signalled frequently to the IAB node. In this way all the combination of information are configured in RRC and the MAC CE would just need to refer to any of these combinations and then provide the restricted/recommended beams (or the power adjustments) for the referred combination. 
As we all know, the RRC signalling structure is tailored to represent sequences, lists, and combinations of parameters. Hence, the advantages of implementing in RRC parts of the variables supposed to be captured in MAC CE are manifold:
· Easy design (both in RRC specification, and in product implementation) due to the nature of the RRC ASN.1 structure
· Easy interpretation of the various parameters. The RRC field description together with the ASN.1 design should always provide unambiguous interpretation of the IEs.
· Easy extendibility in case existing variables need to be modified or new variables need to be introduced in future releases. For example, if an existing variable need to be modified (e.g. new periodicity value need to be introduced in the periodicity field) that would just need to be reflected in the RRC specification, while no new MAC CEs would need to be introduced.

[bookmark: _Toc101817616]The advantages of implementing in RRC parts of the variables supposed to be captured in MAC CE are manifold:
j. [bookmark: _Toc101817617]Significant overhead reduction if some parameters can be configured semi-statically
k. [bookmark: _Toc101817618]Easy design
l. [bookmark: _Toc101817619]Easy interpretation of the various parameters
m. [bookmark: _Toc101817620]Easy extendibility
 Hence, our proposal is that at least parts of the beam configuration (e.g. the MT-cell/DU-cell pair, the multiplexing mode info, the non overlapping information, the association with RX beam, the list of slots, the periodicity of the list of slots) should be conveyed by RRC to the parent/child IAB node. On the other hand, the MAC CE should just convey the indication on the specific beam restriction/recommendation (for P12/P23) and power adjustments (for P17/P18/P19), and an indication of the specific beam configuration configured in RRC to which the beam restriction/power adjustment applies.
[bookmark: _Toc101817621]For the MAC CEs (P12/P23/P17/P18/P19) in the RAN1 LS R2-2204012, at least parts of the Rel.17 IAB beam configuration parameters originally supposed to be captured in MAC CE (e.g. the MT-cell/DU-cell pair, the multiplexing mode info, the non overlapping information, the association with RX beam, the list of slot, the periodicity of the list of slots) are provided via RRC to the IAB node.
[bookmark: _Toc101817622]The MAC CE just conveys information on the specific beam restriction/recommendation (for P12/P23) and power adjustments (for P17/P18/P19), and an indication of the specific beam configuration (configured via RRC) to which the beam restrictions/power adjustments apply.
As an example, we have provided in our companion CRs [1][2] a way represent the majority of parameters in the RRC, while keeping the MAC CE to dynamically adjust the restricted/recommended beams and the power adjustments for the various beam configuration.
[bookmark: _Toc101817623]Adopt the MAC CE and RRC design as in our companion CRs [1][2].
Conclusion
In the previous sections we made the following observations: 
Observation 1	The design of the following MAC CEs in TS 38.321 might be very complicated:
a.	Child IAB-DU Restricted Beam Indication
b.	IAB-MT Recommended Beam Indication
c.	Desired DL TX Power Adjustment
d.	DL TX Power Adjustment
e.	Desired IAB-MT PSD range
Observation 2	The large amount of parameters combinations that need to be conveyed in those MAC CEs would imply the following:
a.	Huge overhead in the MAC CE due to massive amount of parameters combination (some of which may be optional) that should be supported
b.	Very large MAC CEs which would require difficult design both in the 3GPP MAC specification and in the product implementation
c.	Difficult interpretation of the specification with many field that will likely requires multiple subscripts given the multiple combinations of information conveyed.
d.	Difficulties in extending those MAC CEs in future releases, if new parameters are introduced or if existing parameters are modified.
Observation 3	MAC CEs are used to dynamically exchange information between network and controlled devices. It is important to limit the overhead of MAC CEs, and identify the information that do not need frequent updates.
Observation 4	The advantages of implementing in RRC parts of the variables supposed to be captured in MAC CE are manifold:
a.	Significant overhead reduction if some parameters can be configured semi-statically
b.	Easy design
c.	Easy interpretation of the various parameters
d.	Easy extendibility


Based on the discussion in the previous sections we propose the following:
Proposal 1	For the MAC CEs (P12/P23/P17/P18/P19) in the RAN1 LS R2-2204012, at least parts of the Rel.17 IAB beam configuration parameters originally supposed to be captured in MAC CE (e.g. the MT-cell/DU-cell pair, the multiplexing mode info, the non overlapping information, the association with RX beam, the list of slot, the periodicity of the list of slots) are provided via RRC to the IAB node.
Proposal 2	The MAC CE just conveys information on the specific beam restriction/recommendation (for P12/P23) and power adjustments (for P17/P18/P19), and an indication of the specific beam configuration (configured via RRC) to which the beam restrictions/power adjustments apply.
Proposal 3	Adopt the MAC CE and RRC design as in our companion CRs [1][2].
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