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1	Introduction
During the IAB study item phase, it was identified that when there is a 1:1 mapping, the current number of LCIDs might not be sufficient to provide enough logical channel identifiers for a backhaul link and so LCID extension will be needed. However, the LCID extension will only apply to backhaul RLC channels. This contribution proposes an extension of the LCID range and a corresponding increase of the LCG range, and the signalling associated with it.
[bookmark: _Ref178064866]2	LCID in IAB networks
During the study item, it was identified that the logical channel IDs need to be extended to be able to support 1:1 mapping. 
Currently, the DL has 64 LCIDs, comprising 32 LCID values (1~32) for logical channels, several reserved LCID values (from 33 to 46) for future use, and a number of allocated LCID values for the defined MAC CEs and DL CCCH. The UL looks very similar with the exception that there are few more reserved LCIDs and a few less MAC CEs.
[bookmark: _GoBack]The current number of logical channel IDs may be sufficient in many cases, especially when the network multiplexes UEs (N:1); thus, any change in the MAC subheader should only be applied when the network needs additional LCID values.
2.1	Length and range of the LCID 
The increase of logical channels IDs should consider that the MAC overhead will increase due to the fact that the MAC subheader contains a field for the LCID and the MAC CE BSR size may be larger due to the potential increase of the Logical Channel Group range. Thus, the LCID extension should be limited.
There have been proposals which suggest increasing the LCID range up to 5 bytes. This would result in the support of more than 2^40 simultaneous backhaul connections. We can’t foresee any situation in which individual IAB node or a CU would need to deal with the equivalent of 2^40 users. This number is a number we think is simply not realistic. RAN3 has assumed that “within a donor DU, a 20-bit space might be sufficient to uniquely identify a DRB”, which implies that the maximum LCID length could be 20 bits in IAB networks. We don’t think that one IAB network would have that many active users.
[bookmark: _Toc21018506]It is not likely that an IAB node serves 2^20 active bearers simultaneously.
The LCID extension and the potential LCG extension will have a direct impact on the MAC PDU overhead. The new LCID with 20 bits means 3 additional bytes are required for new MAC subheader due to the byte alignment requirement. For a MAC PDU comprising multiple small MAC subPDUs, the total overhead increases due to LCID extension can take a considerable ratio of the total MAC PDU size. Thus, we should limit the LCID length to a degree that allows enough flexibility and while keeping the overhead to a minimum level.
[bookmark: _Toc21018507]Large LCID extension means large overhead for each sub MAC PDU in a MAC PDU.
Even if we define a large LCG range, it is impossible to configure 1:1 mapping between LCG and PUCCH SR resource to support LCG specific SR configuration due to the radio resource limit. For instance, if there are 1024 LCGs configured for an uplink backhaul link, 1024 PUCCH SR resources (i.e. >= 86 PRBs assuming 12 PUCCH SR resources multiplexed per PRB) are needed to indicate differentiated scheduling requests for different LCGs. No doubt that such cost is not affordable. This means that there is minor gain from large LCID extension for differentiated initial grant allocation between LCHs upon SR reception. Hence, to support LCG specific SR configuration, the number of LCGs should be limited.
[bookmark: _Toc21018508]With radio resource restriction, the maximum number of LCGs is limited to achieve per LCG specific SR configuration, which means there is minor gain for differentiated initial grant allocation from large LCID extension.
Another aspect is that these proposals of large LCID ranges are followed by a refusal to increase the LCG range which would, therefore, invalidate the use of BSR as explained in above. With these restrictions, the uplink scheduling cannot differentiate too many scheduling priorities due to the BSR size limit, which means that uplink scheduling will not benefit from the large LCID extension for subsequent grant allocations as well from the perspective of QoS management.
[bookmark: _Toc21018509]With the BSR size restriction, the maximum number of LCGs is limited, which means there is minor gain for differentiated subsequent grant allocations from large LCID extension.
[bookmark: _Toc6412244][bookmark: _Toc6413049]RAN2 needs to evaluate the number of simultaneous connections which IAB nodes may need to hold at a given time. It is also reasonable to think that, often, networks may use combinations of 1-to-1 and N-to-1 backhaul bearers, and thus, the LCID range can be contained to a limited value without QoS management loss and the IAB network can benefit from the overhead saving. 
Extending the LCID range by 1 byte can provide a reasonable increase of LCIDs depending on how this is implemented:
1) a maximum of 14 bits can be achieved by concatenating the current LCID field (6 bits) and a new Ext-LCID field (8 bits) which results in the support of approximately 16K LCIDs (see Figure 3).
2) 8 bits from the new IAB-LCID field to indicate LCIDs value above the Rel-15 defined LCID values. This only allows an extension of an additional 256 LCIDs (see Figure 1 and Figure 2) but allows the possibility not to include the extra byte in every header if no more than 32 LCIDs are required.
Having 16K LCIDs is a very extreme value and we do not think we should introduce it. 

[bookmark: _Toc536605791][bookmark: _Toc536790701][bookmark: _Toc268445][bookmark: _Toc268462][bookmark: _Toc268531][bookmark: _Toc268564][bookmark: _Toc268609][bookmark: _Toc268634][bookmark: _Toc268659][bookmark: _Toc268684][bookmark: _Toc268695][bookmark: _Toc269812][bookmark: _Toc428730][bookmark: _Toc863191][bookmark: _Toc863214][bookmark: _Toc21018495]The LCID field is extended by 1 byte.
[bookmark: _Toc21018496]Discuss whether the LCID field is extended for logical channel so that I) additional 256 LCIDs or II) a total of 2^14 LCIDs can be signalled.
2.2	How to signal LCID extension
Since Rel-15 MAC header will still be used by IAB nodes, there should be a mechanism to indicate a different type of MAC header. The MAC header could be extended by either reusing the existing reserve bit, which can indicate that an IAB-LCID follows or by using one of the reserved LCID values which is redefined to indicate that an IAB-LCID follows. The following two figures depict these two possible options (note that the field IAB-LCID could also be placed before the Length field). One option is to use the “R” (Reserved) bit to indicate the presence of the IAB-LCID field (Figure 1). Another option is to use a reserved LCID value which would indicate that an additional IAB-LCID field is included (Figure 2).
This second option limits the LCID range extension to only 256 new LCID values, while the first option can achieve an extension of 256 new values or achieve a 14-bit LCID length field.
An LCID extension was also introduced in LTE and this extension was done by reserving one of the already defined LCID values. When this LCID value was introduced, the MAC header included an additional field which included the LCID extension, similar to the case shown in Figure 2.



Figure 1: Use of a R bit to indicate an LCID extension



Figure 2: Use of a reserved LCID value to indicate an LCID extension



Figure 3: 14-bit LCID length introducing one additional byte

[bookmark: _Toc268674]
[bookmark: _Toc21018497]If only 256 LCIDs are required, the LCID is extended similarly as done in LTE: a reserved LCID value is redefined to indicate the presence of an extended LCID (Figure 2).

[bookmark: _Toc21018498]If more than 256 LCIDs is required, a flag in the header (R bit = 1) is used to indicate the extended LCID field (still using the legacy MAC header format as in Figure 1 or using a new MAC header format as in Figure 3).

There may be many cases in which the Rel-15 LCID range is sufficient. Thus, IAB nodes which do not need more than the LCID values defined in Rel-15 do not need to use the new MAC subheader or new IAB-LCID field.
[bookmark: _Toc21018499]If no more than 32 LCIDs are required (e.g. only N:1 mapping), the legacy MAC header is re-used.

3	Need of LCG extension and new BSR format
For 1:1 mapping, one UE DRB is mapped to one backhaul RLC channel. An IAB node may have many UEs and a UE may have multiple DRBs plus SRB(s). In addition, an IAB node may also be connected to other IAB nodes which may also carry DRBs from other UEs and IABs. Therefore, the total number of backhaul RLC channels in a backhaul link can be considerable.
The LCGs are meant to group LCIDs i.e. RBs which have similar characteristics. In Release 15, an LCG is defined per UE. Thus, the BSR provides an individual UE information of each configured LCG. For IAB nodes, in the case of 1-to-1 mapping, an LCG will necessarily have to group UE-RB pairs. The smaller number of groups, the more UE-RB pairs will be collected in one group. This results in that the BSR may end up providing a buffer status of a plurality of UE-RB pairs. The worth of the BSR is questionable when the LCG groups too many UE-DRB pairs. For example, some contributions have suggested to increase the LCID range in the order of millions of IDs while maintaining the currently number of LCGs. In this case, the BSR would be of no usage for differentiated uplink scheduling by the network as it cannot be used for any type of scheduling decisions. This could end up affecting considerably the performance of networks running 1:1 mapping.
[bookmark: _Toc535932288][bookmark: _Toc535935463][bookmark: _Toc21018510]For 1:1 mapping, a maximum number of 8 LCGs is not enough for QoS and scheduling management.
For N:1 mapping, multiple UE DRBs, of different or the same UE, can be multiplexed in the same backhaul RLC channel, which is used when these multiple DRBs have similar transmission requirements. In such sense, less backhaul RLC channels are needed than that for 1:1 mapping and LCG ID extension is not necessary. Hence, up to 8 LCGs according to Rel-15 may be enough for this case.  
[bookmark: _Toc535932289][bookmark: _Toc535935464][bookmark: _Toc21018511]For N:1 mapping, up to 8 LCGs according to Rel-15 is expected to be enough.
The next question is to decide the value for the LCG range. This number is dependant to the number of LCIDs which are possible to configure and how coarse information is provided. In addition, it is important to minimize the overhead. 
If the number of LCIDs is increased by additional 256 LCIDs, the number of LCG could be 32. If RAN2 would decide to increase up 2^14 LCID, there could be up to 256 LCGs (1 byte). These values can offer a good trade-off between overhead, flexibility, and valuable information for groups of UE-DRB pairs.

[bookmark: _Toc16776051][bookmark: _Toc1074246][bookmark: _Toc21018500]LCG range should be up to 32 ID (if additional 256 LCIDs) or 256 LCG IDs if 2^14 LCIDs.
[bookmark: _Toc16776052][bookmark: _Toc1074247][bookmark: _Toc21018501]New BSR MAC CEs should be defined in response to LCG extension.
3.1	BSR formats for extended LCG range
If the LCG range is extended, the BSR MAC CE format needs to be updated. It also needs to be considered that the BSR may need to report BS for many different logical channel groups and, therefore, it can be a large overhead to have a full LCG bitmap. Any new BSR format for IAB nodes should take into account the following two aspects: possibility to report many LCG IDs in one BSR while keeping the overhead limited.
Short and short truncated BSR
The short and short truncated BSR format need to be updated to fit the maximum value that an LCG ID can take. If 32 LCG IDs are used, only 5 bits are needed. If 256 LCG IDs are used, 1 byte is needed. In addition, a buffer status of 8 bits needs to be signalled. If up to 8 LCGs are configured for a backhaul link, a 5-bit BS should be sufficient, as in Release 15. However, regardless of whether 5 or 8 bits for the IDs are used, the minimum payload size will always be 2 bytes. Given this, there may be a gain of having a 1-byte for the BS.
[bookmark: _Toc16776053][bookmark: _Toc1074248][bookmark: _Toc21018502]Short and short truncated BSR should have the following two fields with the corresponding sizes:
- LCG ID: 5 or 8 bits (depending on the decision in Proposal 1)
- Buffer status: 1 byte 



Figure 4:	Example of short (truncated) BSR when extended LCG ID is configured

Long and long truncated BSR
The most obvious solution for the new long and long truncated BSR is to extend the current long (truncated) BSR formats so that the LCG bitmap is extended to indicate the buffer status presence of all the possible LCGs. This approach would mean that, by default, the long and long truncated BSR would have a minimum of 4 bytes LCG bitmap, if 32 LCG IDs are defined, followed by as many buffer status reports as the number of buffers containing data. If 256 LCG IDs are possible, a minimum of 32 bytes LCG bitmap would be required, plus the indicated buffer status values.
The shortest long truncated BSR will then be 6 bytes (minimum of 2 buffers containing data is a requirement to trigger the long truncated BSR), and longest long (truncated) BSR will be 36 bytes. In most of the cases several groups may have data in the buffer, then optimizing the header might not bring major gains.
However, if the number of logical channel groups is larger than 32 i.e. more than 5 or 6 bytes are needed to indicate the LCGs which have data in the buffer, there could be better options to indicate the LCGs for which data is available. In such cases, the BSR could report, for example, an LCG range which would follow of the buffer status reports indicated in the range, or it could simply report the individual buffer status for up to a number of LCGs when only a limited set of LCGs have data.

[bookmark: _Toc16776054][bookmark: _Toc1074249][bookmark: _Toc21018503]If 32 LCG IDs are defined, the long (truncated) BSR should be extended following the Release 15 long (truncated) BSR i.e. an extended bitmap indicates the presence/absence of BS or data availability of the corresponding LCGs.
[bookmark: _Toc16776055][bookmark: _Toc1074250][bookmark: _Toc21018504]If more than 32 LCG IDs are defined, RAN2 to discuss the different long and long truncated BSR format options to minimize the overhead.

2.3	Release 15 BSR formats
Another question is whether there is a need to introduce new BSR formats even if the LCG range is not extended, and for Release 15 BSR formats.
Short BSR only carries a 5 bits BS field. That could be considered as a limiting factor as the buffer range and granularity which can be reported are limited. On the other hand, the short BSR report is only utilized when only one LCG has data for transmission. We consider that, in general, IAB nodes will typically have data waiting for transmission from several LCGs. The short truncated BSR is only used for padding and may be therefore a rare case, so we do not think that the short truncated BSR needs to be enhanced either.
[bookmark: _Toc16776056][bookmark: _Toc1074245][bookmark: _Toc21018505]Rel-15 BSR formats are reused, when extended LCG range is not used.

[bookmark: _Toc268568][bookmark: _Toc268613][bookmark: _Toc268638][bookmark: _Toc268663][bookmark: _Toc268569][bookmark: _Toc268614][bookmark: _Toc268639][bookmark: _Toc268664][bookmark: _Toc268570][bookmark: _Toc268615][bookmark: _Toc268640][bookmark: _Toc268665][bookmark: _Toc268571][bookmark: _Toc268616][bookmark: _Toc268641][bookmark: _Toc268666][bookmark: _Toc268572][bookmark: _Toc268617][bookmark: _Toc268642][bookmark: _Toc268667][bookmark: _Toc268573][bookmark: _Toc268618][bookmark: _Toc268643][bookmark: _Toc268668][bookmark: _Toc268574][bookmark: _Toc268619][bookmark: _Toc268644][bookmark: _Toc268669][bookmark: _Toc268575][bookmark: _Toc268620][bookmark: _Toc268645][bookmark: _Toc268670][bookmark: _Toc536605794][bookmark: _Toc536790705][bookmark: _Toc268449][bookmark: _Toc268466][bookmark: _Toc268535][bookmark: _Toc268576][bookmark: _Toc268621][bookmark: _Toc268646][bookmark: _Toc268671][bookmark: _Toc536605795][bookmark: _Toc536790706][bookmark: _Toc268450][bookmark: _Toc268467][bookmark: _Toc268536][bookmark: _Toc268577][bookmark: _Toc268622][bookmark: _Toc268647][bookmark: _Toc268672][bookmark: _Toc536605796][bookmark: _Toc536790707][bookmark: _Toc268451][bookmark: _Toc268468][bookmark: _Toc268537][bookmark: _Toc268578][bookmark: _Toc268623][bookmark: _Toc268648][bookmark: _Toc268673][bookmark: _Toc268453][bookmark: _Toc268470][bookmark: _Toc268539][bookmark: _Toc268580][bookmark: _Toc268625][bookmark: _Toc268650][bookmark: _Toc268675][bookmark: _Toc535931743][bookmark: _Toc535931777][bookmark: _Toc535931997][bookmark: _Toc535932049][bookmark: _Toc535932068][bookmark: _Toc535932200][bookmark: _Toc535932371][bookmark: _Toc535931744][bookmark: _Toc535931778][bookmark: _Toc535931998][bookmark: _Toc535932050][bookmark: _Toc535932069][bookmark: _Toc535932201][bookmark: _Toc535932372][bookmark: _Toc535931745][bookmark: _Toc535931779][bookmark: _Toc535931999][bookmark: _Toc535932051][bookmark: _Toc535932070][bookmark: _Toc535932202][bookmark: _Toc535932373][bookmark: _Toc535931746][bookmark: _Toc535931780][bookmark: _Toc535932000][bookmark: _Toc535932052][bookmark: _Toc535932071][bookmark: _Toc535932203][bookmark: _Toc535932374][bookmark: _Toc535931747][bookmark: _Toc535931781][bookmark: _Toc535932001][bookmark: _Toc535932053][bookmark: _Toc535932072][bookmark: _Toc535932204][bookmark: _Toc535932375][bookmark: _Toc535931748][bookmark: _Toc535931782][bookmark: _Toc535932002][bookmark: _Toc535932054][bookmark: _Toc535932073][bookmark: _Toc535932205][bookmark: _Toc535932376][bookmark: _Toc535931749][bookmark: _Toc535931783][bookmark: _Toc535932003][bookmark: _Toc535932055][bookmark: _Toc535932074][bookmark: _Toc535932206][bookmark: _Toc535932377][bookmark: _Toc535931750][bookmark: _Toc535931784][bookmark: _Toc535932004][bookmark: _Toc535932056][bookmark: _Toc535932075][bookmark: _Toc535932207][bookmark: _Toc535932378][bookmark: _Toc535931751][bookmark: _Toc535931785][bookmark: _Toc535932005][bookmark: _Toc535932057][bookmark: _Toc535932076][bookmark: _Toc535932208][bookmark: _Toc535932379][bookmark: _Toc535931752][bookmark: _Toc535931786][bookmark: _Toc535932006][bookmark: _Toc535932058][bookmark: _Toc535932077][bookmark: _Toc535932209][bookmark: _Toc535932380][bookmark: _Toc535931753][bookmark: _Toc535931787][bookmark: _Toc535932007][bookmark: _Toc535932059][bookmark: _Toc535932078][bookmark: _Toc535932210][bookmark: _Toc535932381][bookmark: _Toc535931754][bookmark: _Toc535931788][bookmark: _Toc535932008][bookmark: _Toc535932060][bookmark: _Toc535932079][bookmark: _Toc535932211][bookmark: _Toc535932382][bookmark: _Toc535931755][bookmark: _Toc535931789][bookmark: _Toc535932009][bookmark: _Toc535932061][bookmark: _Toc535932080][bookmark: _Toc535932212][bookmark: _Toc535932383][bookmark: _Toc535931756][bookmark: _Toc535931790][bookmark: _Toc535932010][bookmark: _Toc535932062][bookmark: _Toc535932081][bookmark: _Toc535932213][bookmark: _Toc535932384][bookmark: _Toc535931757][bookmark: _Toc535931791][bookmark: _Toc535932011][bookmark: _Toc535932063][bookmark: _Toc535932082][bookmark: _Toc535932214][bookmark: _Toc535932385][bookmark: _Toc535931758][bookmark: _Toc535931792][bookmark: _Toc535932012][bookmark: _Toc535932064][bookmark: _Toc535932083][bookmark: _Toc535932215][bookmark: _Toc535932386]4	Conclusion
In the previous sections we made the following observations:
Observation 1	It is not likely that an IAB node serves 2^20 active bearers simultaneously.
Observation 2	Large LCID extension means large overhead for each sub MAC PDU in a MAC PDU.
Observation 3	With radio resource restriction, the maximum number of LCGs is limited to achieve per LCG specific SR configuration, which means there is minor gain for differentiated initial grant allocation from large LCID extension.
Observation 4	With the BSR size restriction, the maximum number of LCGs is limited, which means there is minor gain for differentiated subsequent grant allocations from large LCID extension.
Observation 5	For 1:1 mapping, a maximum number of 8 LCGs is not enough for QoS and scheduling management.
Observation 6	For N:1 mapping, up to 8 LCGs according to Rel-15 is expected to be enough.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The LCID field is extended by 1 byte.
Proposal 2	Discuss whether the LCID field is extended for logical channel so that I) additional 256 LCIDs or II) a total of 2^14 LCIDs can be signalled.
Proposal 3	If only 256 LCIDs are required, the LCID is extended similarly as done in LTE: a reserved LCID value is redefined to indicate the presence of an extended LCID (Figure 2).
Proposal 4	If more than 256 LCIDs is required, a flag in the header (R bit = 1) is used to indicate the extended LCID field (still using the legacy MAC header format as in Figure 1 or using a new MAC header format as in Figure 3).
Proposal 5	If no more than 32 LCIDs are required (e.g. only N:1 mapping), the legacy MAC header is re-used.
Proposal 6	LCG range should be up to 32 ID (if additional 256 LCIDs) or 256 LCG IDs if 2^14 LCIDs.
Proposal 7	New BSR MAC CEs should be defined in response to LCG extension.
Proposal 8	Short and short truncated BSR should have the following two fields with the corresponding sizes: - LCG ID: 5 or 8 bits (depending on the decision in Proposal 1) - Buffer status: 1 byte
Proposal 9	If 32 LCG IDs are defined, the long (truncated) BSR should be extended following the Release 15 long (truncated) BSR i.e. an extended bitmap indicates the presence/absence of BS or data availability of the corresponding LCGs.
Proposal 10	If more than 32 LCG IDs are defined, RAN2 to discuss the different long and long truncated BSR format options to minimize the overhead.
Proposal 11	Rel-15 BSR formats are reused, when extended LCG range is not used.
[bookmark: _In-sequence_SDU_delivery]
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