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1	Introduction
Last meeting, it was discussed the early indications and extension of LCID space. From chair notes:
After offline comeback the rapporteur reports the following conclusion from F2F offline discussion:
Proposal: Usage of first R bit LCID extension only applied to UL CCCH/CCCH1 controlled by network.
-	Nokia asks why is it only applied to CCCH, what if we want to use it in the future.   Xiaomi has the same view as Nokia.   LG doesn’t see the need to use it for anything else and we should sacrifice this for other cases.   CMCC explains that the issue we are addressing is only for CCCH.
-	ZTE asks how the rest of the sub-header looks like.   Vodafone asks if we can fix the size of the LCID. 
-	Huawei asks whether each feature should discuss and agree whether they will use the legacy LCID or the extension.  
-	ZTE asks how we handle the combinations.  
-	Ericsson is concerned that these combination require us to do things differently.  

Agreements:
-	Solutions that increase the msg3 size are excluded (e.g. eLCID cannot be used as a solution for this purpose)
-	RAN2 will discuss and find a solution in Rel-18
-	Use first R bit for LCID extension. It is only applied to UL, and for now only CCCH/CCCH1 and enabled by network.   FFS on details
-	An explicit indication from network will be added to enable this feature.  FFS on the details of signaling.  
-	A single CR will capture the extension and LCID value to be used.  Only the need for LCID value usage will be agreed by each individual session.  Combinations can be discussed in individual session and can be brought up to common session for discussion only if need.   MAC rapporteur will provide the CRs.     

In this document, we discuss the alternatives for early indications of UE capability to the gNB. 
[bookmark: _Ref178064866]2	Discussion
Early indications are needed from UE to the gNB in random access message 3 (Msg3) in 4-step RA, or as part of random access message A (MsgA) in 2-step RA. 
These early indications shall ONLY be allowed if there is a strong requirement for support of them, for example if they can affect the possible PHY signals (as for RedCap UEs) before UE capabilities are known in the usual way. 
For access from IDLE or INACTIVE, the UE will send an RRC message on CCCH or on CCCH1 in Msg3/MsgA. 
The content of Msg3/MsgA MAC PDU for initial access will be (in most cases, as the transport block size needs to be limited to ensure cell coverage) a MAC subheader indicating CCCH/CCCH1 with a MAC SDU data part that carries the RRC message. 
The UE may indicate the wanted size for the CCCH or CCCH1 by selecting preamble group A or B when configured, that is by partitioning the RACH resources. This was the first “early indication” that was added to the Msg3. 
For random access in connected mode the UE will obtain an MAC PDU for msg3/MsgA with a C-RNTI MAC CE and possibly, if TBS is sufficiently large, a BSR MAC CE or other MAC subPDUs. 
Last meeting it was agreed to use the left most R-bit in the MAC subheader of CCCH/CCCH1. 
2.1	Indications in MAC subheader of Msg3 or MsgA 
2.1.1	Future extensions of indications in MAC subheader
The MAC subheader for CCCH/CCCH1 and C-RNTI is a fixed size one octet header with the format: 


Figure 1 test
Figure 1 (part of MAC spec Fig. 6.1.2-3): R/LCID/(eLCID) MAC subheader
Where LCID field can indicate a certain LCID for CCCH (carrying 48 bits of data) and a different LCID for CCCH1 (carrying 64 bits of data) and yet another LCID to indicate C-RNTI, and R bits are reserved.
The first case of early indication in Msg3/MsgA was the addition of CCCH1
When RedCap was introduced, the early indications was realized buy adding new LCIDs for CCCH and CCCH1 respectively, that is, UEs can indicate RedCap capability by using the separate LCIDs for CCCH/CCCH1 RedCap. 

Will there ever be a need for a new indication in the MAC subheader for all the existing LCIDs? 
The likely answer is: No.
Why? What can the R bits be used for in the future? 
Impact from using an R bit in a MAC subheader for Msg3/MsgA: 
· Likely only needed for a subset of existing LCIDs 
· That is how the legacy RedCap indication work 
· That is how the LCID proposal discussed in RAN1 for indicating “capability for Msg4 HARQ-ACK PUCCH repetition” work 
· Only a small subset of the LCIDs is ever likely to be transmitted in Msg3/MsgA 
· A flag in SIB is required 
· UEs shall not indicate the R bit to a gNB that do not support the new functionality (that will have unspecified consequences, for DL UEs shall ignore R bits, but the UL behaviour is not specified) 
[bookmark: _Toc149884272]Future indications in MAC subheader will only affect a limited set of LCIDs, as when CCCH1 was added, and when the RedCap CCCH/CCCH1 LCIDs were added. 
[bookmark: _Toc149884273]There is likely not any future need for an indication in the MAC subheader that is applicable to all existing LCIDs. 

How an R bit in the MAC subheader can be used has been discussed several times in RAN2, for example in LTE [1] times where a special LCID indicating presence of an extra octet with an eLCID was adopted in both LTE and NR instead of using an R bit in the header. 
Using the left most R bit, the gNB receiver supporting new features will first look at the left most R bit, and if it is equal to 1 the receiver knows this is not a legacy MAC subheader – the other bits in the header can then be defined in any way needed. 
[bookmark: _Toc149884274]Using the left most R-bit in the MAC subheader enables defining the meaning of all the other bits of the MAC subheader. 

2.1.2	Flexible vs. static LCIDs in the new space 
[bookmark: _Hlk149879028]If we use a static mapping (i.e. a mapping hardcoded in the spec), with an LCID field of 6 bits it means we can only ever support 6 features. This because we assume that in general we need to allow UEs to indicate combinations of the features and 6 bits allows us to indicate 6 features.
This becomes clear when looking at the mapping, which would be:
	LCID 000001	Feature A
LCID 000010	Feature B
LCID 000011	Feature A + Feature B
LCID 000100	Feature C
LCID 000101	Feature A + Feature C
LCID 000110	Feature B + Feature C
LCID 000111	Feature A + Feature B + Feature C
…
LCID 111110	Feature B + Feature C + Feature D + Feature E + Feature F
LCID 111111	Feature A + Feature B + Feature C + Feature D + Feature E + Feature F



But RAN2 would never be able to add a Feature G. The LCIDs have run out.

[bookmark: _Toc149884275]With fixed mapping we can only support 6 features for early indication in Msg3.

However, it is not likely that all the features that RAN2 will ever add “Msg3 early indication”-support for will actually be implemented and used by a particular gNB. A particular gNB may support some of these features but not all. So we don’t have to waste LCIDs on combinations which never will be used if the gNB indicates which features it has enabled Msg3 early indications for. Only the enabled features should be part of the mapping.
Say for example that the network implements feature A, B and F, we get:
	LCID 000001	Feature A
LCID 000010	Feature B
LCID 000011	Feature A + Feature B
LCID 000100	Feature F
LCID 000101	Feature A + Feature F
LCID 000110	Feature B + Feature F
LCID 000111	Feature A + Feature B + Feature F



With this approach, RAN2 can then add as many features as they want and we will not be limited specification-wise. But of course, a particular gNB can only use up to 6 at the same time (which we believe will be more than enough).
Note: one may argue that we can wait and add flexible mapping in a later release, but that will not be possible later since it would be non-backwards compatible.
[bookmark: _Toc149884259]Only the features that are enabled by the gNB are part of the new LCID table.

2.1.3	Adding flexible LCIDs for Msg3 or MsgA 
Here we describe how to make the LCID indications in the MAC subheader flexible instead of static and to be more future proof by allowing configuration of supported features and only the supported features are possible to indicate in an early indication. 
When the UE shall send Msg3 or MsgA, the UE set the left most R bit equal to 1 in the MAC subheader of CCCH/CCCH1 to indicate a flexible LCID MAC subheader format. 
[bookmark: _Toc149884260]The left most reserved R bit in the MAC subheader is called V. V=1 indicate a flexible LCID MAC subheader and V=0 indicates the legacy MAC subheader format. 

The version bit V = 1 indicate the UE support/request of at least one of the new features (and when decoding, the receiving gNB knows this is the special CCCH/CCCH1 subheader), V = 0 indicates legacy behaviour. 
In the flexible LCID MAC subheader we can keep one reserved R bit (it shall be set to 0) for future extensions. 
[bookmark: _Toc149884261]The second left most bit in the flexible LCID MAC subheader when V=1 is an R bit for future extensions. 
When the V=1, the other bits in the MAC subheader can be defined to be LCID bits Gi where the meaning of each LCID bit Gi can be defined in the RRC specification. This is illustrated below:



One bit C = 0 can indicate CCCH, and C = 1 can indicate CCCH1 (if also C-RNTI subheader shall be supported, we may instead use two C bits, that is one less LCID Gi bit, where for example 00 indicate CCCH, 01 indicate CCCH1, 10 indicate C-RNTI and 11 is reserved).
[bookmark: _Toc149884276]One or two bits in the flexible MAC subheader can be used to indicate if CCCH or CCCH1 is transmitted. 

[bookmark: _Toc149884262]RAN2 to discuss whether early indications will be needed for the C-RNTI MAC CE. 
[bookmark: _Toc149884263]One C bit in the new flexible MAC subheader is used for indicating whether CCCH or CCCH1 MAC CE is transmitted, if early indications for the C-RNTI MAC CE is not supported. 
[bookmark: _Toc149884264]Two C bits in the flexible MAC subheader is used for indicating whether 1) CCCH, 2) CCCH1, 3) C-RNTI or a 4) reserved MAC subheader, is transmitted, if early indications for the C-RNTI MAC CE is supported. 
[bookmark: _Toc149884265]The remaining bits in the flexible MAC subheader are used for LCID bits Gi. 

The meaning of the LCID bits Gi (0 ≤ i ≤ 6 or 0 ≤ i ≤ 5 or 0 ≤ i ≤ 4 or 0 ≤ i ≤ 3, depending on what other bits of the new MAC subheader are define as discussed above) are defined in the RRC spec. The UE can set LCID bit Gi = 1 to indicate that the UE support indication i and Gi = 0 to indicate that the UE do not support indication i. 
[bookmark: _Toc149884266]In RRC introduce a list of 16 features, and a bit string that is 16 bits long that can be included in system information broadcasting. 
[bookmark: _Toc149884267]To the list of features, include at least eRedCap, and “capability of Msg4 HARQ-ACK PUCCH repetition” and the remaining indications are reserved for future extensions. 
[bookmark: _Toc149884268]For each feature in the bit string, the feature is supported if the bit indicates 1, and it is not supported if the bit indicates 0. 
[bookmark: _Toc149884269]The first supported feature in the bit string corresponds to the LCID bit i=0, the second enabled feature in the bit string corresponds to the LCID bit i=1, and so on. 
[bookmark: _Toc149884270]In the bit string, the network shall maximum indicate support for as many features as there are bits in the flexible LCID. 

[bookmark: _Hlk145432202]For example, in RRC we add EarlyIndicationFeatureList and a bit string EarlyIndicationBitString with one bit for each of the features of EarlyIndicationFeatureList (this bit string is broadcasted or provided in dedicated signalling to a UE, for example in the handover command). 
When the UE shall send Msg3 or MsgA, it shall use the flexible LCID MAC subheader for CCCH or CCCH1 if it needs to indicate one of the possible indications that are enabled in the EarlyIndicationBitString. 
Flexible  LCIDs supports a maximum five (or as many features as there are bits in the flexible LCID) independent feature indications simultaneously in a network. It is also suitable for indicating complex relationships between features where each feature is not needed to be indicated independently from each other feature (see second example below). 

A first example with fourteen features in RRC EarlyIndicationFeatureList (in this example we have three features defined and eleven for future extensions): 
Indication 1: eRedCap 
Indication 2: MU-SIM 
Indication 3: capability of Msg4 HARQ-ACK PUCCH repetition
Indication 4: future feature K
Indication 5: future feature J
Indication 6: future feature I
Indication 7: future feature H
Indication 8: future feature G
Indication 9: future feature F
Indication 10: future feature E
Indication 11: future feature D
Indication 12: future feature C
Indication 13: future feature B
Indication 14: future feature A
In one SIB, we add the EarlyIndicationBitString with length fourteen bits where the UEs shall map eRedCap indication to G0 when enabled, and MU-SIM indication when enabled is mapped to G1 if eRedCap is enabled and to G0 when eRedCap is not enabled, and so on. 
If the bit string in SIB indicates 1010 0000 0000 00, that is network supports indication 1 and 3. Then a UE that supports eRedCap and “capability of Msg4 HARQ-ACK PUCCH repetition” will indicate 1000 0011 in the new MAC subheader for CCCH in Msg3/MsgA. 
If the bit string in SIB indicates 1110 0000 0000 00, that is network supports indication 1, 2 and 3. Then a UE that supports eRedCap and “capability of Msg4 HARQ-ACK PUCCH repetition” but not MU-SIM will indicate 1000 0101 in the new MAC subheader for CCCH in Msg3/MsgA. 

The example above is the simplest where each indication is a single feature, but also more complex solutions can be indicated where we specify combinations of features. 
A second example where some features do not need to be combined as they are not useful combinations. Say a feature list of six indications:
Indication 1 + 2: 01 indicate eRedCap, 10 indicate MU-SIM, 11 indicate eMU-SIM, 00 indicate non of eRedCap, MU-SIM nor eMU-SIM is enabled 
Indication 3: capability of Msg4 HARQ-ACK PUCCH repetition 
Indication 4: future feature C
Indication 5: future feature B
Indication 6: future feature A
In this case we have a feature eRedCap that is not useful to indicate together with MU-SIM (maybe MU-SIM is an expensive feature that is not suitable for a low cost eRedCap device) nor with an evolved MU-SIM. While the feature “capability of Msg4 HARQ-ACK PUCCH repetition” can be combined with either eRedCap or MU-SIM or eMU-SIM. 

This method can be extended in the future if the reserved feature list is full, then we add a new list of indications. Legacy UEs will only see the first few enabled indications in the old list. New UEs will be able to decode the old and the new list of possible indications. 
[bookmark: _Toc149884277]Flexible LCID MAC subheader indication is configurable and future proof for any number of new features as long as the new features do not need to be individually combined with all legacy features. 

If RAN2 delays introducing a flexible LCID MAC subheader, this can have one big drawback. Features that we introduce with static LCIDs now, may need to be indicated also in combination with future features that we add later – in that case the flexible LCID MAC subheader (or in a similar solution if introduced later)need to to indicate also legacy (at that point in  time) features. That is, static LCIDs that we add now, may need to be indicated in a flexible way later leading to two ways to indicating support of the same feature. 
[bookmark: _Toc149884278]If RAN2 delays introducing a flexible LCID MAC subheader, we risk having two ways to indicate support for the same feature when we introduce a flexible way to indicate early indications later. 

For regular MAC CEs, there are 229 reserved eLCIDs, which shall be used for all new MAC CEs that are not intended to be used in coverage critical transmissions (all transmissions besides the ones intended for Msg3/MsgA). 
[bookmark: _Toc149884271]Future MAC CEs that are not transmitted in Msg3/MsgA shall use eLCIDs. 

2.2	Comparison 
Table 1 – Comparison of the alternatives 
	
	Static LCID MAC subheader
	Flexible LCID MAC subheader

	Drawback
	Only few future features can be added.
	More complex, needs broadcasting

	Advantage
	Same method as used until now
	Enables highly flexible support of different future features and signalling

	Future extendibility
	Very Limited
	Excellent

	Flexibility 
	Limited
	Excellent

	R-bits left in MAC subheader
	One or zero
	One or zero



3	Conclusion
Observation 1	Future indications in MAC subheader will only affect a limited set of LCIDs, as when CCCH1 was added, and when the RedCap CCCH/CCCH1 LCIDs were added.
Observation 2	There is likely not any future need for an indication in the MAC subheader that is applicable to all existing LCIDs.
Observation 3	Using the left most R-bit in the MAC subheader enables defining the meaning of all the other bits of the MAC subheader.
Observation 4	With fixed mapping we can only support 6 features for early indication in Msg3.
Observation 5	One or two bits in the flexible MAC subheader can be used to indicate if CCCH or CCCH1 is transmitted.
Observation 6	Flexible LCID MAC subheader indication is configurable and future proof for any number of new features as long as the new features do not need to be individually combined with all legacy features.
Observation 7	If RAN2 delays introducing a flexible LCID MAC subheader, we risk having two ways to indicate support for the same feature when we introduce a flexible way to indicate early indications later.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Only the features that are enabled by the gNB are part of the new LCID table.
Proposal 2	The left most reserved R bit in the MAC subheader is called V. V=1 indicate a flexible LCID MAC subheader and V=0 indicates the legacy MAC subheader format.
Proposal 3	The second left most bit in the flexible LCID MAC subheader when V=1 is an R bit for future extensions.
Proposal 4	RAN2 to discuss whether early indications will be needed for the C-RNTI MAC CE.
Proposal 5	One C bit in the new flexible MAC subheader is used for indicating whether CCCH or CCCH1 MAC CE is transmitted, if early indications for the C-RNTI MAC CE is not supported.
Proposal 6	Two C bits in the flexible MAC subheader is used for indicating whether 1) CCCH, 2) CCCH1, 3) C-RNTI or a 4) reserved MAC subheader, is transmitted, if early indications for the C-RNTI MAC CE is supported.
Proposal 7	The remaining bits in the flexible MAC subheader are used for LCID bits Gi.
Proposal 8	In RRC introduce a list of 16 features, and a bit string that is 16 bits long that can be included in system information broadcasting.
Proposal 9	To the list of features, include at least eRedCap, and “capability of Msg4 HARQ-ACK PUCCH repetition” and the remaining indications are reserved for future extensions.
Proposal 10	For each feature in the bit string, the feature is supported if the bit indicates 1, and it is not supported if the bit indicates 0.
Proposal 11	The first supported feature in the bit string corresponds to the LCID bit i=0, the second enabled feature in the bit string corresponds to the LCID bit i=1, and so on.
Proposal 12	In the bit string, the network shall maximum indicate support for as many features as there are bits in the flexible LCID.
Proposal 13	Future MAC CEs that are not transmitted in Msg3/MsgA shall use eLCIDs.


[bookmark: _In-sequence_SDU_delivery]References
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