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1
Introduction

After the RAN#75 meeting, a new SI for Integrated Access Backhaul (IAB) was agreed [1] main objective of which is to study relaying technologies for NR. Since the NR radio access technology will exploit availability of higher frequencies spectrum, it is anticipated that more NR base station will be needed to achieve the same coverage as with low frequencies. Thus, relay networks will help operators to deploy and connect more base stations in a simple and the cost efficient way. As the IAB SI TR 38.874 was finalized [2], a new IAB WI was agreed [3] to introduce the corresponding functionality into the RAN specifications. 
One of the technical topics discussed during the SI phase is how to support QoS over the wireless links. Two major options were identified – 1:1 QoS mapping when each UE DRB is mapped to a separate backhaul channel and N:1 mapping when several UE DRBs are grouped and multiplexed over the same backhaul channel. It has been a common understanding that we have to extend existing LCID space because at the moment it can address only up to 32 logical channels. It is needed to support 1:1 mapping and might be even needed for the N:1 mapping if RAN decides to decide to establish a number of backhaul RLC channels with different QoS treatment.

In this discussion paper we present further details on how we can extend existing NR MAC header to accommodate more LCID values. It should be noted that while in [4] we elaborate mostly on the size of the extended LCID space and reasons behind it, this paper concentrates on how we can achieve it somewhat abstracting from how many additional bits will be allocated. 
2
NR LCID space extension
As the background information, extending LCID space is not a new topic for RAN discussions because exactly the same discussion already took place for LTE Rel-15, where we had to extend the number of supported UE radio bearers from 8 to 16 to meet new QoS requirements and to be aligned with a larger number of DRBs in NR. It is worth noting that there were long discussions on how the LCID space shall be extended for LTE, for which two major options were contemplated: redefining legacy "R" bit to indicate presence of extended LCID or using a special value for the legacy LCID field. At the end RAN WG2 decided to choose the latter approach as there were some concerns with redefining "R" bit; the downside is however that the final LTE MAC header structure is not very optimal. Similarly for NR, RAN WG2 needs to decide whether we follow the LTE like approach with a special value for the legacy LCID field or whether we re-use existing "R" bit.
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Figure 1: NR MAC header with 8-bit L field.
Referring to the NR MAC header presented in Figure 1, one can see that NR LCID field takes 6 bits and can address up to 64 different values. However, the whole space is logically divided into two parts so that only up to 32 different logical channels can be addressed, and remaining 32 values are for the MAC CEs. As presented in Figure 2 below, one of the ways to indicate presence of the extended LCID space is to re-define existing "R" bit, which hence will be referred to as "F2". However, since it is the last reserved bit in the MAC header and there could be further extensions in the future, we suggest that "F2" shall indicate presence of the additional one octet control header containing reserved bits and "EL" bit, which will indicate whether extended LCID space is used or not. Such an approach will allow for the forward compatibility and will ensure that any potential extensions in the NR MAC header are not linked to the extended logical channel ID space. It should be noted that Figure 2 shows that two additional octets are allocated, which can be logically viewed as most significant bits of the whole LCID space. Since the legacy LCID field already can address up to 32 logical channels (5 bits), the total logical channel ID space is 21 bits. 
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Figure 2: NR MAC header with extended LCID indicated by the corresponding control bit.
An alternative approach would be to follow a solution adopted for LTE with a special value used for the legacy LCID field. For the sake of clarity, Figure 3 presents the corresponding solution, in which the legacy LCID field can have a special value of e.g. 32 that will indicate that a particular LCID value is encoded by a new eLCID field. As can be seen from Figure 3, the downside of this approach is that a new eLCID field will have only 16 bits and thus fewer LCH IDs can be addressed. Of course, one can consider adding 3 octets for the eLCID field, but the resulting header will occupy as many bits as the one presented in Figure 2 and it will be less future proof as there is only "R" field.
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Figure 3: NR MAC header with extended LCID indicated by the special value of legacy LCID.
3 Conclusion
In this discussion paper we have provided our initial considerations on how it is possible to extend the existing NR MAC header to support more logical channel IDs for the IAB 1:1 and N:1 QoS mapping frameworks. As presented in this discussion paper, we could consider following the approach adopted for LTE in which a special value of the legacy LCID field is used. However, this solution has a number of limitations and is not future proof. Thus, we suggest following a more flexible solution, in which existing "R" field can indicate presence of the additional octet with control bits, and the latter would indicate whether extended LCID is present or not. 

Proposal 1: 
Introducing an additional octet with control bits, one of which will indicate whether extended LCID space is present or not.  
Proposal 2: 
Add 16bits to the existing logical channel ID space.  
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