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1 Introduction
In NR Rel-18, several WIs require CCCH LCID extension in the initial uplink transmission during the RA procedure. However, there are not many reserved LCIDs left (i.e. 7 reserved LCIDs remaining) in the Rel-18 NR. To this end, in the previous meeting, it was agreed that the first R bit in the MAC subheader would be used for the UL CCCH LCID extension. All the achieved agreements are listed as follows [1],
	RAN2#123bis 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 contribution, we would like to further discuss the UL CCCH LCID extension solution in detail.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
First of all, we would like to figure out which WI(s) requires the Rel-18 UL CCCH LCID extension solution. Based on the previous contribution input, that probably involves eRedCap, eMUSIM, eNTN, and the potential combination of those features.   
For eRedCap, it had agreed to use new LCIDs for CCCH/CCCH1 during the RA procedure in the RAN2#122 meeting (Related agreements can be found in Annex A). As it was agreed before deciding to have a UL CCCH LCID extension in Rel-18 during the RA procedure (also for the sake of a unified simple solution for RedCap and eRedCap), we propose excluding the eRedCap-only case in the UL CCCH LCID extension discussion.
Observation 1: eRedCap session had agreed to use 2 new LCIDs for CCCH/CCCH1 during the RA procedure before RAN2 decided to have a UL CCCH LCID extension in Rel-18, for the sake of implementation simplicity and a unified solution for RedCap and eRedCap.
Proposal 1:  UL CCCH LCID extension is not applicable for the eRedCap-only case. 
Next, for eMUSIM, a working assumption was agreed to make the INACTIVE UE provide early capability restriction indication in Msg5. Most companies think it is not so urgent to provide the early capability restriction indication in Msg3/MsgA but to indicate it in Msg5, considering the NW generally makes conservative scheduling for a MUSIM UE as the UE cannot timely report the instantaneous capability status. Then, in this sense, RAN2 doesn’t need to consider the MUSIM-only case in the UL CCCH LCID extension discussion unless eMUSIM session reverts the achieved working assumption.
Observation 2: eMUSIM session achieved a working assumption that the INACTIVE UE provides early capability restriction indication in Msg5.
Proposal 2:  Working Assumption: UL CCCH LCID extension is not applicable for the eMUSIM-only case (depending on eMUSIM decision). 
The last involved WI is eNTN. As per RAN1's request, an indication is needed to signal the support of Msg4 HARQ-ACK feedback with PUCCH repetition in Msg3/MsgB during RRC setup /resume /re-establishment request procedure. Then, we would like to provide our views on the UL CCCH LCID extension solution. 
Given that the first R bit is agreed for UL CCCH LCID extension, it seems a spontaneous logic to define a new MAC subheader (e.g. UL CCCH MAC subheader) of 8-bit length. Then, the next question comes to how to use the remaining 7 bits to indicate UL CCCH/CCCH1 transmitted in a specific case. There are generally two solutions: using LCID value with or indicating feature (indicated by Fi) and UL CCCH type (indicated by T).  Examples are illustrated below.  


Figure 1: E/R/LCID MAC subheader


Figure 2: E/R/F/T MAC subheader
In the current MAC spec, it can be known that the LCID indices 64–319+ are already used and defined for eLCID. To avoid impacts on the further usage of eLCID and mix up with LCID and eLCID, we suggest not using LCID codepoint field in the new MAC subheader. Instead, the leftmost bit is set to indicate UL CCCH or UL CCCH1 (i.e. “0” means UL CCCH and “1” means UL CCCH1). And the other remaining reserved bits can be used to indicate the support of a feature. 
For example, in Rel-18, it seems eNTN is the only WI that requires CCCH LCID extension. (NOTE that the combination of RedCap/eRedCap and eNTN is not considered in Rel-18 as RF/RRM requirement and coverage enhancement capabilities for eNTN may not be applicable for a RedCap/eRedCap UE). Then the secondary rightmost bit is used to indicate the support of Msg4 HARQ-ACK PUCCH repetition in eNTN when it is set to value “1”, as shown below, 


Figure 3: E/R/F/T MAC subheader for eNTN
In the future, when RedCap UE in eNTN is supported, then F0 field (i.e. the 3rd rightmost bit in the MAC subheader) can be introduced to indicate the UE is a RedCap UE. With this, when “F1F0” is set to “11”, it indicates this RedCap UE is supportive of Msg4 HARQ-ACK PUCCH repetition in eNTN.
In addition, to minimize the impact of using the first R bit (i.e. not impacting the potential extension by using the first R bit of other MAC subheaders and reducing the blind decoding hypothesis of whether the first is used), the UE should place this subheader and the corresponding MAC SDU at the beginning of the MAC PDU. Then the NW will only assume this first MAC subPDU may include a MAC subheader with the MSB set to “1” during the RA procedure. This is beneficial to reduce network decoding complexity in the case RA-SDT and eNTN are combined where the UL CCCH message and DTCH data can be multiplexed into the same MAC PDU. Also, the other MAC subheaders can still use the first R bit for future extension as it is not put in the beginning of the MAC PDU. The gNB can distinguish the first R bit based extension for different purposes based on the location of the MAC subheader. Based on the above, we have the following observations and proposals:
Observation 3: If (e)LCID codepoint is used in the new subheader, a range of eLCID values has to be reserved for the CCCH case, especially shrinking the one-octet eLCID range. 
Proposal 3:	To use the first R field from the MAC subheader without L field as the E field in uplink so that 64 more values for LCID are reserved.
Proposal 4:	A new MAC subheader is defined with the LSB indicating UL CCCH or UL CCCH1 is used.
Proposal 5:	In the subheader, the second bit followed after the LSB bit is used to indicate supporting Msg4 HARQ-ACK PUCCH repetition.
Regarding the RRC impact, a new explicit enabling indication for CCCH LCID extension is needed for eNTN if numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided in SIB present. That is the network should allow CCCH LCID extension enabling simultaneously when providing numberOfPUCCHforMsg4HARQACK-RepetitionsList in SIB. Otherwise, the NW cannot know whether the UE is capable of Msg4 HARQ-ACK PUCCH repetition.
Proposal 6: Network configures the CCCH LCID extension enabling indication and parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList simultaneously in the same SIB. 
If Proposals 3-5 are agreeable, RAN2 to adopt the corresponding MAC TP given in Annex B. 
Proposal 7: RAN2 to adopt the text proposal in Annex B as the baseline. 
3 Conclusion
In this contribution, we have discussed the UL CCCH LCID extension solution in detail. All the observations and proposals are summarized below:
For eRedCap:
Observation 1: eRedCap session had agreed to use 2 new LCIDs for CCCH/CCCH1 during RA procedure before RAN2 decided to have a UL CCCH LCID extension in Rel-18, for the sake of implementation simplicity and a unified solution for RedCap and eRedCap.
Proposal 1:  UL CCCH LCID extension is not applicable for the eRedCap-only case. 
For eMUSIM:
Observation 2: eMUSIM session achieved a working assumption that the INACTIVE UE provides early capability restriction indication in Msg5.
Proposal 2:  Working Assumption: UL CCCH LCID extension is not applicable for the eMUSIM-only case (depending on eMUSIM decision). 
For eNTN:
Observation 3: If (e)LCID codepoint is used in the new subheader, a range of eLCID values has to be reserved for the CCCH case, especially shrinking the one-octet eLCID range. 
Proposal 3:	To use the first R field from the MAC subheader without L field as the E field in uplink so that 64 more values for LCID are reserved.
[bookmark: _GoBack]Proposal 4:	A new MAC subheader is defined with the LSB indicating UL CCCH or UL CCCH1 is used.
Proposal 5:	In the subheader, the second bit followed after the LSB bit is used to indicate supporting Msg4 HARQ-ACK PUCCH repetition.
Proposal 6: Network configures the CCCH LCID extension enabling indication and parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList simultaneously in the same SIB. 
Proposal 7: RAN2 to adopt the text proposal in Annex B as the baseline. 
4 References
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5.1 Annex A: Agreements
For NR eNTN,
RAN1#113 meeting agreement:
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.

RAN2#123 meeting agreement:
RAN2 confirms that the request/capability of PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling is feasible (can rediscuss if we cannot converge on a specific solution).

RAN2#123bis meeting agreement:
RAN2 continues to focus on a solution to address PUCCH repetition for Msg4 HARQ-ACK in Msg3 only for random access procedure triggered by RRC connection establishment, RRC connection re-establishment or RRC connection resume, i.e. to CCCH/CCCH1 (in the future we can consider random access during RRC connected, depending on RAN1)

For eMUSIM,
RAN2#123 meeting agreement:
Using LCIDs would avoid any problems for RRC resume procedure. However, there are not many LCIDs left for UL and some other Rel-18 WIs also intend to use them. 
FFS whether there is a need to use the LCIDs or whether we can reuse the legacy LCIDs.
Whether we can use the LCIDs (given that multiple WIs may be trying to use them) will be discussed in the main session. How to proceed LCID usage for MUSIM can be discussed in the next meeting based on the main session decision.
UE sends early indication of MUSIM temporary capability restriction only if the network indicates that it is allowed in SIB1.

RAN2#123bis meeting working assumption:
Early capability restriction indication is provided in Msg5. Detailed UE behaviour, if any, can be further discussed.

For eRedcap,
RAN2#122 meeting agreement:
All R18 eRedCap UEs uses the two new LCIDs for Msg3/MsgA PUSCH for CCCH/CCCH1 during Random Access, i.e., both those with peak rate reduction + BB BW reduction, and those with only peak rate reduction.
5.2 Annex B: TP for TS 38.321 ver 17.6.0
START OF the CHANGE
[bookmark: _Toc146701259][bookmark: _Toc52796563][bookmark: _Toc52752101][bookmark: _Toc46490406][bookmark: _Toc37296275][bookmark: _Toc29239877]6.1.2	MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader only (including padding);
-	A MAC subheader and a MAC SDU;
-	A MAC subheader and a MAC CE;
-	A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE, padding, and a MAC SDU containing UL CCCH consists of the header fields R/F/LCID/(eLCID)/L. A MAC subheader for fixed sized MAC CE, padding, and a MAC SDU containing UL CCCH consists of the two header fields R/LCID/(eLCID) or four header fields E/R/F/T.
A MAC subheader consisting of fields E/R/F/T for a MAC SDU containing UL CCCH is placed at the beginning of the MAC PDU, if included.






Figure 6.1.2-1: R/F/LCID/(eLCID)/L MAC subheader with 8-bit L field






Figure 6.1.2-2: R/F/LCID/(eLCID)/L MAC subheader with 16-bit L field




Figure 6.1.2-3: R/LCID/(eLCID) MAC subheader


Figure 6.1.2-X: E/R/F/T MAC subheader
MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-5. The size of padding can be zero.


Figure 6.1.2-4: Example of a DL MAC PDU


Figure 6.1.2-5: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
NEXT CHANGE
[bookmark: _Toc146701332][bookmark: _Toc52796607][bookmark: _Toc52752145][bookmark: _Toc46490450][bookmark: _Toc37296319][bookmark: _Toc29239902]6.2.1	MAC subheader for DL-SCH and UL-SCH (MSB is a reserved bit)
The MAC subheader consists of the following fields:
[bookmark: _Hlk97830562]-	LCID: 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. If the LCID field is set to 34, one additional octet is present in the MAC subheader containing the eLCID field and follow the octet containing LCID field. If the LCID field is set to 33, two additional octets are present in the MAC subheader containing the eLCID field and these two additional octets follow the octet containing LCID field;
NOTE 1:	For MBS broadcast, a logical channel is identified based on G-RNTI and LCID if the same LCID is allocated for logical channels corresponding to different G-RNTIs.
-	eLCID: The extended Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE as described in tables 6.2.1-1a, 6.2.1-1b, 6.2.1-2a and 6.2.1-2b for the DL-SCH and UL-SCH respectively. The size of the eLCID field is either 8 bits or 16 bits.
NOTE 2:	The extended Logical Channel ID space using two-octet eLCID and the relevant MAC subheader format is used, only when configured, on the NR backhaul links between IAB nodes or between IAB node and IAB Donor, or for multicast MTCHs.
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-	R: Reserved bit, set to 0.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel of DCCH, DTCH and multicast MTCH

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

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

	35–46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



Table 6.2.1-1a Values of two-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-1b Values of one-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to 226
	64 to 290
	Reserved

	227
	291
	Serving Cell Set based SRS TCI State Indication MAC CE

	228
	292
	SP/AP SRS TCI State Indication MAC CE

	229
	293
	BFD-RS Indication MAC CE

	230
	294
	Differential Koffset

	231
	295
	Enhanced SCell Activation/Deactivation MAC CE with one octet Ci field

	232
	296
	Enhanced SCell Activation/Deactivation MAC CE with four octet Ci field 

	233
	297
	Unified TCI States Activation/Deactivation MAC CE

	234
	298
	PUCCH Power Control Set Update for multiple TRP PUCCH repetition MAC CE

	235
	299
	PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE

	236
	300
	Enhanced TCI States Indication for UE-specific PDCCH

	237
	301
	Positioning Measurement Gap Activation/Deactivation Command

	238
	302
	PPW Activation/Deactivation Command

	239
	303
	DL Tx Power Adjustment

	240
	304
	Timing Case Indication

	241
	305
	Child IAB-DU Restricted Beam Indication

	242
	306
	Case-7 Timing advance offset

	243
	307
	Provided Guard Symbols for Case-6 timing

	244
	308
	Provided Guard Symbols for Case-7 timing

	245
	309
	Serving Cell Set based SRS Spatial Relation Indication

	246
	310
	PUSCH Pathloss Reference RS Update

	247
	311
	SRS Pathloss Reference RS Update

	248
	312
	Enhanced SP/AP SRS Spatial Relation Indication

	249
	313
	Enhanced PUCCH Spatial Relation Activation/Deactivation

	250
	314
	Enhanced TCI States Activation/Deactivation for UE-specific PDSCH

	251
	315
	Duplication RLC Activation/Deactivation

	252
	316
	Absolute Timing Advance Command

	253
	317
	SP Positioning SRS Activation/Deactivation

	254
	318
	Provided Guard Symbols

	255
	319
	Timing Delta



Table 6.2.1-1c Values of LCID for MBS broadcast on DL-SCH
	Codepoint/Index
	LCID values

	0
	MCCH

	1–32
	Identity of the logical channel of broadcast MTCH

	33–63
	Reserved



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
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE

	37–42
	Reserved

	43
	Truncated Enhanced BFR (one octet Ci)

	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 Ci)

	51
	Truncated BFR (one octet Ci)

	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 Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding



[bookmark: _Toc12718157]Table 6.2.1-2a Values of two-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-2b Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 228
	64 to 292
	Reserved

	229
	293
	Enhanced Multiple Entry PHR for multiple TRP (four octets Ci)

	230
	294
	Enhanced Multiple Entry PHR for multiple TRP (one octets Ci)

	231
	295
	Enhanced Single Entry PHR for multiple TRP

	232
	296
	Enhanced Multiple Entry PHR (four octets Ci)

	233
	297
	Enhanced Multiple Entry PHR (one octets Ci)

	234
	298
	Enhanced Single Entry PHR

	235
	299
	Enhanced BFR (one octet Ci)

	236
	300
	Enhanced BFR (four octet Ci)

	237
	301
	Truncated Enhanced BFR (four octet Ci)

	238
	302
	Positioning Measurement Gap Activation/Deactivation Request

	239
	303
	IAB-MT Recommended Beam Indication

	240
	304
	Desired IAB-MT PSD range

	241
	305
	Desired DL Tx Power Adjustment

	242
	306
	Case-6 Timing Request

	243
	307
	Desired Guard Symbols for Case 6 timing

	244
	308
	Desired Guard Symbols for Case 7 timing

	245
	309
	Extended Short Truncated BSR

	246
	310
	Extended Long Truncated BSR

	247
	311
	Extended Short BSR

	248
	312
	Extended Long BSR

	249
	313
	Extended Pre-emptive BSR

	250
	314
	BFR (four octets Ci)

	251
	315
	Truncated BFR (four octets Ci)

	252
	316
	Multiple Entry Configured Grant Confirmation

	253
	317
	Sidelink Configured Grant Confirmation

	254
	318
	Desired Guard Symbols

	255
	319
	Pre-emptive BSR


NEXT CHANGE
6.2.x	MAC subheader for UL-SCH (MSB is not a reserved bit)
The MAC subheader consists of the following fields:
-	E: The Extension field indicating the fields E/R/F/T are used in this MAC subheader, set to 1;
-	F0: The F0 field is a flag indicating whether the UE has the capability of PUCCH repetition on common PUCCH resource. The F0 field is set to 1 to indicate the UE is capable of PUCCH repetition for Msg4 HARQ-ACK reports when numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured, and the CCCH LCID extension enabling indication is configured with true, and the measured RSRP is lower than the RSRP threshold rsrp-ThresholdPUCCHforMsg4HARQACK, if configured. This field can only be set to 1 in this release; 
-	T: This field is a flag indicating whether UL CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) or UL CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) follows the MAC subheader; The T field is set to 1 to indicate presence of UL CCCH of size 64 bits. The S field is set to 0 to indicate presence of UL CCCH of size 48 bits;
-	R: Reserved bit, set to 0;
The MAC subheader is octet aligned.
END OF the CHANGE
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