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1	Introduction
There is an increasing need for early indications of UE capabilities (for example RedCap) or UE request (for example capability for Msg4 HARQ-ACK PUCCH repetitions in NR NTN) when new features are introduced in NR. 
In this document, we discuss the alternatives for early indications of UE capability to the gNB. 
[bookmark: _Ref178064866]2	Discussion
We consider early indication to the gNB that can be sent in random access message 1 (Msg1) or 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 need for them, for example if they can affect the possible PHY signals (as for RedCap UEs) before UE capabilities are known in the usual way. 
We only consider solutions that do not affect the message size to not affect the coverage. 
[bookmark: _Toc146880060]Coverage for Msg3/MsgA defines the cell coverage, therefore it is not acceptable to increase Msg3/MsgA message size. 

For access from IDLE or INACTIVE, the UE send an RRC message on CCCH or on CCCH1 in Msg3/MsgA. 
The content of Msg3/MsgA MAC PDU for initial access will (in most cases, as the transport block size needs to be limited to ensure cell coverage) be 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. 
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. 

2.1	Flexible MAC subheader in Msg3 or MsgA 
2.1.1	Indication 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 indicate C-RNTI, and R bits are reserved. 

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: _Toc146880061]Future indications for MAC subheader will most likely only affect a limited set of LCIDs, as when CCCH1 was added or when the RedCap CCCH/CCCH1 LCIDs were added. 
[bookmark: _Toc146880062]There is likely not any future need for an indication in the MAC subheader that is applicable to all exiting LCIDs. 

How an R bit in the MAC subheader can be used has been discussed several times in RAN2, for example for LTE in [1] 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. 
Only the first R bit (the left most R bit in Fig.1 above) can be used for early indications if we want to redefine the other bits in the header, because the receiver of a MAC PDU does not know which type of MAC subheader that is used until after decoding the LCID. This is because the LCIDs with a length field (L) does not have a second R bit in the subheader (instead that bit position is the F field that indicate the length of the L field, see Fig. 2 for an example) and the receiver must first decode the LCID to know if there is an F field or not. 
Using the left most R bit, the 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. 


Figure 2 (part of MAC spec Fig. 6.1.2-1): R/F/LCID/(eLCID)/L MAC subheader with 8-bit L field

[bookmark: _Toc146880063]Only the left most R-bit in the MAC subheader enables redefining the other bits of the MAC subheader because the second left most R-bit is used for some LCIDs in legacy. 

2.1.2	Flexible MAC subheader 
Here we describe how to make the indications in the MAC subheader flexible and configurable in system information. 
When the UE shall send Msg3 or MsgA, the UE can use the left most R bit equal to 1 in the MAC subheader of CCCH/CCCH1. When the left most R bit is equal to 1, the other bits in the MAC subheader are redefined to be indications bits Gi where the meaning of each bit Gi is defined in the RRC specification. 
[bookmark: _Toc146880064]Using the left most reserved R-bit in the MAC subheader of CCCH/CCCH1, flexible MAC subheader is indicated from the UE to the network. 
The new flexible MAC subheader can look like this:


Or if we want to keep one reserved R bit (it shall be set to 0) for future extensions:


[bookmark: _Toc146880065]One reserved R-bit may be included in the flexible MAC subheader of CCCH/CCCH1. 
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. 
The CCCH bit C = 0 indicates CCCH, C = 1 indicates CCCH1 (if also C-RNTI subheader shall be supported, we may use two bits, that is one less Gi bit, where for example 00 indicate CCCH, 01 indicate CCCH1, 10 indicate C-RNTI and 11 is reserved).
[bookmark: _Toc146880066]One bit in the flexible MAC subheader is used to indicate if CCCH or CCCH1 is transmitted. 
The indication bits Gi (0 ≤ i ≤ 5 or 0 ≤ i ≤ 4) are configured in the system information. The UE sets Gi = 1 to indicate that the UE support indication i and Gi = 0 indicate that the UE do not support indication i. 
[bookmark: _Hlk145432202]We add a list of possible indications in the RRC spec, for example EarlyIndicationFeatureList, and we add a bit string with one bit for each of the indications that is broadcasted in system information or provided in dedicated signalling to a UE (for example in the handover command). 
The first enabled indication in EarlyIndicationFeatureList corresponds to the indication bit i=0, the second enabled indication in EarlyIndicationFeatureList corresponds to the indication bit i=1, and so on. Thus, each enabled feature indication is mapped to one i bit in the subheader of Msg3/MsgA. The network shall only enable maximum six (or five) features in EarlyIndicationFeatureList as there are six (or five) Gi bits. 
[bookmark: _Toc146880067]The remaining six or five bits in the flexible MAC subheader are used to send early indications from the UE to the network, and the meaning of the indications is configured in RRC. 
When the UE shall send Msg3 or MsgA, it shall use the modified MAC subheader for CCCH or CCCH1 if it needs to indicate one of the possible indications that are enabled in EarlyIndicationFeatureList. 
This works fine when maximum six (or five) independent feature indications are needed simultaneously in a network. It will also be suitable for indicating complex relationships between features where each feature is not needed to be indicated independently for each other feature (see second example below). 

A first example: 
Fourteen features may need early indications are listed in a 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 a bit string 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: 
Some features may 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. 

Using this method, we can later 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: _Toc146880068]Flexible MAC subheader indication is configurable and future proof. 

[bookmark: _Toc146880075]The left most reserved R bit in the MAC subheader of CCCH and CCCH1 is used to indicate a new flexible MAC subheader. 
[bookmark: _Toc146880076]RAN2 to discuss whether one R bit in new flexible MAC subheader is needed for future extensions. 
[bookmark: _Toc146880077]RAN2 to discuss whether early indications will be needed for the C-RNTI MAC CE. 
[bookmark: _Toc146880078]One 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: _Toc146880079]Two 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: _Toc146880080]The remaining bits in the new flexible MAC subheader are used for feature indications from the UE to the network. 
[bookmark: _Toc146880081]Introduce an indication list of sixteen bits in RRC that can be included in system information broadcasting where at least eRedCap, MU-SIM and “capability of Msg4 HARQ-ACK PUCCH repetition” can be indicated and the remaining indications are reserved for future extensions. 

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: _Toc146880082]All new MAC CEs that are not transmitted in Msg3/MsgA shall use eLCIDs. 

2.2	Alternative methods
2.2.1	Indication in Msg1
The earliest possible indication that a UE can send is in Msg1, the RACH preamble transmission or preamble transmission part of MsgA. 
The early indication can be by the UE selecting a subset of possible RACH resources (preamble IDs, time resources or frequency resources) based on what is indicated, that is by partitioning the RACH resources. 
RACH partitioning can be used but will increase collisions of preambles at high load or will require excess frequency/time resources and shall therefore not be used except in exceptional cases where the indication is needed already before sending Msg2/MsgB.
[bookmark: _Toc146880069]RACH partitioning can be used for early indications but will degrade RA performance as it increases collisions of preambles or require allocation of extra frequency/time resources. RACH partitioning shall therefore not be used besides in exceptional cases where the indication is needed before sending Msg2/MsgB.

2.2.2	Indication in Msg3 and MsgA 
On Msg3/MsgA we may add uplink control information or carry the indication inside the MAC PDU (either in the MAC subheader, as described in 2.1 above, or in the MAC SDU). 
2.2.2.1	Adding indication in uplink control information on Msg3 or MsgA
Likely, it is not a good idea to multiplex a new Uplink Control Information (UCI) on top of the Msg3/MsgA as coverage for Msg3/MsgA may decrease and potential Msg3/MsgA collisions can impair the decoding of this new UCI. 
[bookmark: _Toc146880070]Introducing new Uplink Control Information on Random Access Msg 3 or on MsgA is not suitable for early indications as it decreases coverage and may be misinterpreted in case of collision. 

2.2.2.2	Adding indication in MAC SDU of Msg3 or MsgA 
The data part of CCCH/CCCH1 is an RRC message of fixed size. The RRC message (RRCSetupRequest, RRCReestablishmentRequest, RRCResumeRequest) of initial access has one reserved bit remaining. This holy grail may never be used during the lifetime of 5G… It is the only remaining bit in these RRC messages - it is better to save for RRC message issues instead of a new feature indication. 
[bookmark: _Toc146880071]The reserved bit in RRC messages of initial access shall be saved for issues related to RRC messages and not be used for early indications. 

2.2.2.3	Using one R bit in MAC subheader to indicate one single feature
To use one R bit to directly indicate one capability or one indication will be wasteful, because no other future functionality can be combined with this indication (even if a flexible RRC configuration of this R-bit is possible for using it to indicate other features). 
[bookmark: _Toc146880072]Using an R bit in the MAC subheader of Msg3/MsgA to indicate one UE capability is wasteful and is not future proof as the feature cannot be combined with other future features. 

2.2.2.4	Adding 64 new LCIDs for Msg3 or MsgA 
This is similar to the indications in 2.1 above but is less flexible and less future proof. 
If we let one R bit in CCCH/CCCH1 MAC subheader (and possibly in the C-RNTI MAC subheader) indicate the use of a new LCID table, we get 64 new possible indications. 
This new table does not need to contain any LCIDs for the existing MAC CEs or logical channels. The new table would instead have 64 new MAC CEs only to be used in Msg3/MsgA when CCCH/CCCH1 is transmitted (and possibly when the C-RNTI is transmitted). 
As described in 2.1.1 above, adding 64 new LCIDs can only be done using the first R bit (the left most R bit in Fig.1 above). 
Today there are four combinations of CCCH/CCCH1 and RedCap, and discussions are ongoing on adding two more for MU-SIM. 
If we use the R bit to indicate a new LCID table adding 64 new LCIDs, six of the new LCIDs will be used for the new feature 1 (for example “capability for Msg4 HARQ-ACK PUCCH repetitions”) if all possible combinations are to be supported. For a future new feature 2, twelve LCIDs will be needed and for a future new feature 3 another 24 LCIDs are needed, at this point we have reached the limit of the R bit method to add 64 new LCIDs. 
[bookmark: _Toc146880073]If all combinations of indications for a new feature with existing features are to be supported by using LCIDs in Msg3/MsgA, the number of LCIDs needed is doubled for each new feature. 
There is no way around this doubling, unfortunately. However, if all new features are not required to be combined with all existing features, the doubling of signalling can be avoided – this may for example be a new feature that is not needed for RedCap UEs as the feature would increase the cost/complexity too much. 
The method to use R bit to indicate a new LCID table can be extended indefinitely by adding new SIB indications to point out yet another new LCID table, though a new LCID table will create legacy issues. 
[bookmark: _Toc146880074]In the future, we may add a new LCID table and using a flag in SIB to indicate which LCID table to use but here will be issues with legacy UEs. 

We may even use both R bits in the MAC subheader to increase the new LCID table to 128 new LCIDs, which gives a higher number of possible new features. 

2.3	Comparison 

Table 1 – Comparison of the alternatives 
	
	Msg1 or preamble part of MsgA
	In UCI on Msg3/MsgA
	In RRC message of MAC SDU
	In MAC subheader using LCIDs
	In flexible MAC subheader

	Drawback
	RA performance will be degraded, or RA use more resources
	Coverage is affected
	Only one reserved bit in the RRC message
	Limited possibility to use R bits in future
	Limited possibility to use R bits in future

	Future extendibility
	Very limited
	More UCI bits will decrease coverage
	Very limited
	Reasonable
	Excellent

	Flexibility 
	Limited
	Limited
	Very limited
	Limited
	Excellent

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



3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Coverage for Msg3/MsgA defines the cell coverage, therefore it is not acceptable to increase Msg3/MsgA message size.
Observation 2	Future indications for MAC subheader will most likely only affect a limited set of LCIDs, as when CCCH1 was added or when the RedCap CCCH/CCCH1 LCIDs were added.
Observation 3	There is likely not any future need for an indication in the MAC subheader that is applicable to all exiting LCIDs.
Observation 4	Only the left most R-bit in the MAC subheader enables redefining the other bits of the MAC subheader because the second left most R-bit is used for some LCIDs in legacy.
Observation 5	Using the left most reserved R-bit in the MAC subheader of CCCH/CCCH1, flexible MAC subheader is indicated from the UE to the network.
Observation 6	One reserved R-bit may be included in the flexible MAC subheader of CCCH/CCCH1.
Observation 7	One bit in the flexible MAC subheader is used to indicate if CCCH or CCCH1 is transmitted.
Observation 8	The remaining six or five bits in the flexible MAC subheader are used to send early indications from the UE to the network, and the meaning of the indications is configured in RRC.
Observation 9	Flexible MAC subheader indication is configurable and future proof.
Observation 10	RACH partitioning can be used for early indications but will degrade RA performance as it increases collisions of preambles or require allocation of extra frequency/time resources. RACH partitioning shall therefore not be used besides in exceptional cases where the indication is needed before sending Msg2/MsgB.
Observation 11	Introducing new Uplink Control Information on Random Access Msg 3 or on MsgA is not suitable for early indications as it decreases coverage and may be misinterpreted in case of collision.
Observation 12	The reserved bit in RRC messages of initial access shall be saved for issues related to RRC messages and not be used for early indications.
Observation 13	Using an R bit in the MAC subheader of Msg3/MsgA to indicate one UE capability is wasteful and is not future proof as the feature cannot be combined with other future features.
Observation 14	If all combinations of indications for a new feature with existing features are to be supported by using LCIDs in Msg3/MsgA, the number of LCIDs needed is doubled for each new feature.
Observation 15	In the future, we may add a new LCID table and using a flag in SIB to indicate which LCID table to use but here will be issues with legacy UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The left most reserved R bit in the MAC subheader of CCCH and CCCH1 is used to indicate a new flexible MAC subheader.
Proposal 2	RAN2 to discuss whether one R bit in new flexible MAC subheader is needed for future extensions.
Proposal 3	RAN2 to discuss whether early indications will be needed for the C-RNTI MAC CE.
Proposal 4	One 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 5	Two 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 6	The remaining bits in the new flexible MAC subheader are used for feature indications from the UE to the network.
Proposal 7	Introduce an indication list of sixteen bits in RRC that can be included in system information broadcasting where at least eRedCap, MU-SIM and “capability of Msg4 HARQ-ACK PUCCH repetition” can be indicated and the remaining indications are reserved for future extensions.
Proposal 8	All new MAC CEs that are not transmitted in Msg3/MsgA shall use eLCIDs.


[bookmark: _In-sequence_SDU_delivery]References
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