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Introduction
[bookmark: _Hlk97830562]LCID (Logical Channel IDs): The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1, 6.2.1-1c and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The size of the LCID field is 6 bits.  The eLCID fields as per 6.1.2 are not considered in this paper as those require at least an additional octet
3GPP defined in release 15 (related discussions can be found in e.g. R2-1809111) 2 CCCH formats (one with 48  (CCCH) to carry SETUP Request, Resume Request, Re-establishment and SI request and one with 64 bits (CCCH1)) to carry Resume Request 1
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As it can be seen from example below (RRC Setup Request), there is no space to introduce new bits into existing messages without extending the TBS size and therefore impact the UL coverage. Even for e.g. RRC resume the IEs within RRC are different, the problem remains the same.  
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Example of RRC Setup Request /Resume
Observation 1: UL-CCCH messages are space limited and no new IEs can be introduced without extending the TBS size and therefore impacting the uplink coverage. The same is applicable for CCCH1 format of 64 bits, but different TBS size.
For UL-SCH the following values are currently used for different procedures:
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As per requests from different WIs, there is a need to provide differentiuation for 8 different use cases within Rel 18:

	WI
	Why requested
	Number of requested LCIDs
	RRC procedure used
	T-doc reference

	MUSIM
	Dynamic capability restriction
	1
	RRC request, resume, re-establishment
	R2-2308243

	MUSIM
	Dynamic capability restriction
	1
	RRC resume 1
	R2-2308244

	eRedCAP
	eRedCAP early indication
	1
	RRC request, RRC resume 
	Agreement RAN2#122

	eRedCAP
	eRedCAP early indication
	1
	RRC resume 1
	Agreement RAN2#122

	NTN
	CCCH of size 48 bits (“CCCH”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a RedCap UE.
	1
	RRC request, RRC resume 
	R2-2307195, R2-2308230, R2-2307313

	
	
	
	
	
	

	NTN
	CCCH of size 64 bits (“CCCH1”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a RedCap UE.
	1
	RRC resume 1
	R2-2307195, R2-2308230, R2-2307313
	

	
	
	
	
	
	

	NTN
	CCCH of size 48 bits (“CCCH”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a eRedCap UE.
	1
	RRC request, RRC resume 
	R2-2307195, R2-2308230, R2-2307313
	

	 
	 
	 
	 
	 
	

	NTN
	CCCH1 of size 64 bits (“CCCH”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a eRedCap UE.
	1
	RRC resume 1
	R2-2307195, R2-2308230, R2-2307313
	

	Total
	 
	8
	 
	 
	



As it can be seen from the table above, there are only 7 reserved bits (37-43) available for any of new features. The aim of this contribution is to look over possible alternatives to find the best solution for release 18, but also be future proof for upcoming releases and features.
Discussion
Independent of the solution, we should double-check why we assign LCIDs in every single case and see if we could find a way to indicate early capabilities without impacting MAC.
RRC based solutions:
OPTION 1: CCCH1 and Resume over CCCH:
From the table above, it can be observed that we used bit “36” to indicate that msg 3 over CCCH1 is sent by the Redcap UE in Rel 17. If CCCH1/Resume over CCCH is used, UE context retriever is done before sending msg 4 and the source gNB would know, that the UE is a redcap UE from the “neighbour” gNB. 
The reason why bit “36” was introduced in release 17 is the case where context retriever fails and the gNB does not know at the time of msg 4 if it is a redcap or in release 18 eRedcap and so does not have a capability to decide if it can send RRC RRCSetup or RRCRelease.

Please note the following text: 38.331 (5.3.3): When UE is resuming or re-establishing an RRC connection, and the network is not able to retrieve or verify the UE context. In this case, UE receives RRCSetup and responds with RRCSetupComplete)

Anyway, according to our understanding, the current agreement about eRedCAP UEs is that their RACH procedure is the same and so, there is no need to differentiate between 20MHz + PR1” and “eRedCap UE capable of BW3/PR3+ PR1
Observation 1: The failure to retrieve the context shall be very rare case and at least for eRedcap UEs only one LCID might be needed, if at all. 
If it is essential to know the capability within msg 3 in case of resume procedure, we could think about other solutions. One of them might be:
· Using 1 spare bit inside RRC resume/RRC Resume1 to indicate that early capabilities are available and the gNB in case of failure to retrieve the context, would send an RRC reject message instead of the setup and the UE will start from “scratch” which might be acceptable.
· The other solution might be to use spare values of RRC connection Setup. Currently 6 bits are spare bits. The use of spare values might be a bit suboptimal as in this case, possibly all 10 values might need to be repeated, where only 6 values are left reserved.
Observation 2: It might not be needed to assign new LCID for CCCH 1 format to identify early capabilities of the UE. The same is valid for RRC resume procedure using CCCH format as long other solution for this case  could be identified, e.g. using RRC spare values.
OPTION2: CCCH and RRC SETUP Request:
Assuming, we do not assign new LCID for RRC Resume and Resume 1 (e.g. using reserved bit within RRC resume procedure), the question  is how to handle the case if UE sends RRC SETUP Request (CCCH). As shown above, RRC SETUP request is space limited and has only 1 reserved bit. At the same time, it includes 39 bits of 5-g-STMI. The 5G-g-STMI is in total 48 bits and the remaining 9 bits are sent in msg 5. One part of these 39 bits is part of AMF ID including 10 bits of AMF SET ID and 6 bits of AMF pointer. This design was agreed in release 15 assuming a very big use of slices. 
It could be clarified with SA2 if some bits could be taken from 16 bits AMF ID (part of 5-g-STMI) with RRC SETUP Request to indicate optional features. If SA2 agrees, the position of these bits and their meaning could be standardised and could be sent using system information.
The other alternative is to de-crease the amount of bits sent in msg 3 within RRC SETUP Request and put more bits from 5-g-STMI into msg 5. 
Observation 3: RRC SETUP Request can be used to signal early capabilities of the UE.
Proposal 1: It is proposed to study RRC based solutions first.
MAC based solutions:
The structure of MAC header for UL-SCH using LCID is shown below:
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· Use of reserved bits
As per Table 6.2.1-2 of 38.321, there are 7 reserved bits and in case most of the cases could be solved with RRC means, those values could be used in exceptional cases like dynamic capabilities (e.g. MUSIM WI)
· Use of “R” bits
We could use one of “R” bits. This would give us a possibility of having 64 additional values without extending the TBS size and it is up to RAN2 to decide if this topic is important enough to go this way as in this case only one “R” field will remain.
If RAN2 agrees on one of these options, it is essential for the operator to ensure that the system works and e.g UE does not send msg 3 using newly defined meaning of LCID fields to the system which do not support it as most likely it will result in continues rejections/discarding of msg 3 which would have an impact to user experience, battery life time and system capacity. To ensure it, it is proposed to broadcast if particular new meaning of “R” bit is supported or not. It has to be highlighted that the case of the usage of “R” bits, we not only use “R” bits, but combine the use of “R” bits with LCID and therefore applying this option might mean an additional processing delay on the UE side. In addition, MAC spec does not specify the behaviour if the gNB receives reserved bits or “R” bits set to 1 and also not the case where “R” bits are used in combination with LCID bits. The MAC spec gives some guidance how to treat unknown values in 5.13 from UE perspective, but no guidance for gNB.
Proposal 2: If RAN WG2 agrees to use reserved values, it is essential to ensure UEs do not send msg 3 messages to the system which do not support corresponding features. Therefore, it is proposed to broadcast if a new LCID values are supported by the system or not.
Some other considerations
There are probably other possibilities to indicate to the NW the existence of the early capabilities (e.g. using RACH partitioning) or design new CCCH messages or using eLCID, but all these solutions would either reduce e.g. RACH capacity or result in higher TBS sizes needed to transmit msg 3 and therefore we do not consider them as a good alternatives to the solutions highlighted above. 
Conclusions:
Observation 1: The failure to retrieve the context shall be very rare case and at least for eRedcap UEs only one LCID might be needed, if at all. 
Observation 2: It might not be needed to assign new LCID for CCCH 1 format to identify early capabilities of the UE. The same is valid for RRC resume procedure using CCCH format as long other solution for this case  could be identified, e.g. using RRC spare values.
Observation 3: RRC SETUP Request can be used to signal early capabilities of the UE.
Proposal 1: It is proposed to study RRC based solutions first.
Proposal 2: If RAN WG2 agrees to use reserved values (e.g. R bits or reserved values within LCID) in MAC, it is essential to ensure UEs do not send msg 3 messages to the system which does not support corresponding features. Therefore, it is proposed to broadcast if a new LCID values are supported by the system or not.
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- UL-CCCH-Message

‘The UL-CCCH-Message class is the set of 48-bits RRC messages that may be sent from the UE to the Network on the uplink CCCH logical channel.
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- UL-CCCH1-Message

The UL-CCCHI-Message class is the set of 64-bits RRC messages that may be sent from the UE to the Network on the uplink CCCHI logical channel.
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sparel NULL
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Table 6.2.1-2 Values of LCID for UL-SCH

Codepoint/Index

LCID values

0 CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]), except for a RedCap UE
1-32 Identity of the logical channel of DCCH and DTCH

33 Extended logical channel ID field (two-octet eLCID field)

34 Extended logical channel ID field (one-octet eLCID field)

35 CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for a RedCap UE

36 CCCH1 of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE
37-43 Reserved

44 Timing Advance Report

45 Truncated Sidelink BSR

46 Sidelink BSR

47 Reserved

48 LBT failure (four octets)

49 LBT failure (one octet)

50 BFR (one octet Cj)

51 Truncated BFR (one octet Cj)

52 CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]), except for a RedCap UE

53 Recommended bit rate query

54 Multiple Entry PHR (four octets Ci)

55 Configured Grant Confirmation

56 Multiple Entry PHR (one octet Cj)

57 Single Entry PHR

58 C-RNTI

59 Short Truncated BSR

60 Long Truncated BSR

61 Short BSR

62 Long BSR

63 Padding
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