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1 Introduction
In NR Rel-18, several WIs require signalling extension in the initial uplink transmission during RA procedure. In our understanding, NR eNTN, eRedCap, eMUSIM, and eCovEnh are involved according to the achieved agreements listed in Annex A. 
In this contribution, we would like to discuss the potential common solution for signalling extension across multiple Rel-18 WIs. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
First of all, as eRedCap session had agreed to use new LCIDs for CCCH/CCCH1 during RA procedure before deciding to have a cross-WI coordination on signalling extension during RA procedure, it is better to exclude eRedCap for further discussion on the potential common solution for signalling extension, i.e., only NR eNTN and eMUSIM are considered when designing a common solution for signalling extension. Besides, from the technical point of view, the new LCID solution helps to finalize the simplest UE implementation and leads to a minimal spec impact for eRedCap. So we have the following proposal, 
Observation 1: eRedCap session had agreed to use 2 new LCIDs for CCCH/CCCH1 during RA procedure before RAN2 decided to have a cross-WI coordination on signalling extension.
Proposal 1: Agreement for eRedcap (i.e. new LCID approach) will not be impacted by the discussion on the common solution (i.e. only NR eNTN, eMUSIM, and eCovEnh are considered). 
Next, we would like to focus on the comparison of the technical details of how the potential common approaches work. Specifically, it takes as a baseline the discussion and proposed solutions captured in previous offline discussion [AT123][108][NR NTN Enh] LCID extension [1] where the following points were summarized for the three most popular solutions.
Opt 1. Using the second R bit in the R/R/LCID subheader: 
1. The first R bit in the R/R/LCID subheader is still reserved to avoid impact on other types of subheader;
2. The second R bit is used to extend LCID space;
3. By setting the second R bit to 1, then the existing LCID index at least for CCCH/CCCH1/fixed-size MAC CE can be reused for NR eNTN and eMUSIM. For example, subheader 0/0/000000 is used for CCCH of size 64 bits while subheader 0/1/000000 can be used for CCCH of size 64bits for a MUSIM INACTIVE UE to indicate MUSIM capability restriction;
4. More than 10 LCID index can be reused for further extension.

Opt 2. new LCID approach: 
1. Using the 2 new LCIDs for CCCH and CCCH1 for an eMUSIM UE during RRC resume request procedure (for indicating MUSIM capability restriction);
2. Using the 2 new LCIDs for CCCH and CCCH1 for an eNTN UE during RRC setup /resume /re-establishment request procedure (for indicating the request/support of PUCCH repetition for Msg4/MsgB transmission);
3. Using the 1 new LCID for C-RNTI MAC CE for an eNTN UE during RA procedure (for indicating the request/support of PUCCH repetition for Msg4/B);
4. The remaining reserved LCID #39, 40, 41, 42, 47 are used (p.s. #37-38 have been used for eRedCap), i.e., LCID space is exhausted;
5. Then no LCID left for eCovenh.

Opt 3. new eLCID approach: 
1. eLCID is used to associate with CCCH/CCCH1/C-RTNI MAC CE/new PHR MAC CE;
2. TBS of initial transmission with CCCH/CCCH1 message is increased from 56-bit to 64-bit/64-bit to 72-bit. As a result, approximately 0.45dB/0.37dB (when PUSCH repetition is not adopted) or 0.34dB/0.31dB (when PUSCH repetition factor =2) or 0.28dB/0.3dB (when PUSCH repetition factor =16) additional link budget requirement is needed for the same coverage performance as 56-bit/64-bit case, as shown in Figure 1 and 2 for TN and NTN below (simulation assumption is provided in Annex B);
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Figure 1.  LLS results for 56-bit v.s. 64-bit v.s. 72-bit TBS under TN channel
[image: ]
Figure 2.  LLS results for 56-bit v.s. 64-bit v.s. 72-bit TBS under NTN channel
Furthermore, the above-mentioned points of three solutions are summarized here with our analysis labeling positive mark , neutral mark , or negative mark .
	Characteristics 
	Opt 1
	Opt 2
	Opt 3

	How to indicate additional indication in Msg3/MsgA transmission
	By setting the second R bit in R/R/LCID subheader to 1, the existing LCID index at least for CCCH/fixed-size MAC CE can be reused. It is obviously more complicated than Opt 2 and Opt 3.
	By using new LCID. It is simple.
	By using new eLCID. It is simple.

	Network to interpret the additional indication Msg3/MsgA transmission
	The network has to blindly decode the second R bit. It is a bit more complicated.
	Same way of MAC subheader decoding as legacy.
	Same way of MAC subheader decoding as legacy.
Additionally Preamble Group B might be needed or linking Preamble Group A to 64-bits is required. NW implementation is more complicated.

	Coverage performance

	Not a problem for Opt 1 and Opt 2 as the TBS of MAC PDU is not increased.
For Opt 3, a slight degradation (i.e. no more than 0.45dB and no more than 0.34dB when PUSCH repetition is adopted) occurs as TBS becomes larger. Additionally, the impact of Opt 3 on NTN case (where Msg3 repetition is also generally applied) is negligible compared with the pathloss in NTN basically ranges from 159dB to 190dB, as shown in Annex C.

	Further extension 
	More than LCID index can be reused for further extension.
	LCID space is exhausted.
	Not a problem.

	Spec impact
	Revise the R/R/LCID subheader, and add usage of the second R bit. Also redefinition of the existing LCID is required. More spec work is inevitable.
	Add new LCID definition. It is simple.  
	Add new eLCID definition. It is simple.


Based on the above, the following observations are summarized: 
Observation 2: The second R bit in MAC subheader solution has the following pros and cons:
Pros: No coverage degradation, more than 10 codepoint for further extension; 
	Cons: Considerable MAC spec impact, blind decoding on the second R bit at the gNB side.
Observation 3: The new LCID solution has the following pros and cons:
Pros: No coverage degradation, the simplest and most effective solution;
	Cons: LCID space will be exhausted. 
Observation 4: The new eLCID solution has the following pros and cons:
Pros: the simplest and most effective solution, 200+ codepoint for further extension;
	Cons: Larger TBS leading to coverage degradation and potential new preamble allocation strategy. 
[bookmark: _GoBack]In conclusion, considering all the pros and cons analyzed above, we propose RAN2 not to adopt the second R bit in MAC subheader solution in Rel-18 due to its huge complexity. For eMUSIM, we propose using the new LCIDs for the sake of simple UE/gNB implementation and guaranteeing coverage performance. As for NR eNTN, given that PUSCH repetition is generally enabled to improve the UL coverage due to the large pathloss, we assume additional coverage degradation due to 8-bit TBS increment becomes negligible (e.g. 0.3dB degradation) with the help of PUSCH repetition. Note that, the more repetition time, the less coverage degradation (i.e. 0.27 dB when the repetition factor is 16). Moreover, NTN band is totally separately operated from the legacy band for TN UE. Then the NW may always set the TBS of MAC RAR associated with Preamble Group A to 64-bit with the assumption that a number of eNTN UEs is capable of or requesting PUCCH repetition. Since there is no legacy TN UE on the NTN band,  such kind of NW implementation would not harm legacy UE coverage performance. Thus we think new eLCID solution is suitable for the eNTN case. Similar logic is also applicable for the eCovEnh case considering that PUSCH repetition is generally enabled in eCovEnh case and separate PRACH configuration is used for eCovEnh (not the legacy RA resource). With this, there are 3 reserved LCIDs for further usage,  also finalizing the simple implementation and good coverage level for eNTN and eCovEnh. Therefore, we have the following proposals,
Proposal 2: Use 2 new LCIDs for CCCH/CCCH1 for eMUSIM UEs with MUSIM capability restriction.
Proposal 3: Use 3 new eLCIDs for CCCH/CCCH1/C-RNTI MAC CE for NR eNTN UEs with the request/support of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 4: Use new eLCID(s) for further eCovEnh related MAC CE.
If Proposal 2 and Proposal 3 are agreeable, we kindly request RAN2 to adopt the corresponding TP about the new LCID/eLCID definition given in Annex D. 
Proposal 5: RAN2 to adopt the text proposal in Annex D as baseline. 
3 Conclusion
In this contribution, we have discussed the potential common solution for signalling extension for eMUSIM and eNTN. All the observations and proposals are summarized below:
Observation 1: eRedCap session had agreed to use 2 new LCIDs for CCCH/CCCH1 during RA procedure before RAN2 decided to have a cross-WI coordination on signalling extension.
Observation 2: The second R bit in MAC subheader solution has the following pros and cons:
Pros: No coverage degradation, more than 10 codepoint for further extension; 
	Cons: Considerable MAC spec impact, blind decoding on the second R bit at the gNB side.
Observation 3: The new LCID solution has the following pros and cons:
Pros: No coverage degradation, the simplest and most effective solution;
	Cons: LCID space will be exhausted. 
Observation 4: The new eLCID solution has the following pros and cons:
Pros: the simplest and most effective solution, 200+ codepoint for further extension;
	Cons: Larger TBS leading to coverage degradation and potential new preamble allocation strategy. 
Proposal 1: Agreement for eRedcap (i.e. new LCID approach) will not be impacted by the discussion on the common solution (i.e. only NR eNTN, eMUSIM, and eCovEnh are considered).  
Proposal 2: Use 2 new LCIDs for CCCH/CCCH1 for eMUSIM UEs with MUSIM capability restriction.
Proposal 3: Use 3 new eLCIDs for CCCH/CCCH1/C-RNTI MAC CE for NR eNTN UEs with the request/support of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 4: Use new eLCID(s) for further eCovEnh related MAC CE.
Proposal 5: RAN2 to adopt the text proposal in Annex D as baseline. 
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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).

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.

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.

For eCovEnh,
RAN1#114 meeting agreement:
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.


5.2 Annex B: Simulation assumption
Simulation assumptions provided in Table I are used to derive the link-level simulation results, as illustrated in Figure 1 and Figure 2, respectively for NTN and TN.
Table I. Link-level simulation assumptions for PUSCH transmission of 56-bit/64-bit for NTN and TN
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	360kHz (2PRBs)

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type 1, w/o frequency hopping: 3 DMRS symbols

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 1/2/4/8/12/16 repetitions

	Channel model
	NTN-TDL-C(LOS) for NTN, 
TDL-D(LOS) for TN

	HARQ
	Disabled

	UE speed
	3km/h

	TBS
	56-bit/64-bit

	Modulation order
	QPSK

	BLER
	2% iBLER

	Elevation angle
	30(LEO) for NTN





5.3 Annex C: NTN link budget for Set-1 UL
The details analysis of the link budget for PUSCH transmission (i.e., PUSCH carrying Msg3) is shown in Table II.
Table II. Link budget analysis for PUSCH Msg3
	Transmission mode
	UL
	UL
	UL
	UL
	UL
	UL

	Frequency [GHz]
	2GHz for S band
30GHz for Ka band
	2.00
	2.00
	2.00
	2.00
	2.00

	Bandwidth [MHz]
	360kHz, S band
400MHz/FRF, Ka band
	0.36
	0.36
	0.36
	0.36
	0.36

	Tx gain[dBi]
	0dBi per element
	-5.00
	-5.00
	-5.00
	-5.00
	-5.00

	TX: EIRP [dBm]
	23 dBm
	18.00
	18.00
	18.00
	18.00
	18.00

	Rx gain[dBi]
	Set1: 30 dBi
Set2: 24 dBi
	30.00
	30.00
	38.60
	51.00
	51.00

	noise figure[dB]
	/
	/
	/
	/
	/
	/

	antenna temperature[K]
	/
	/
	/
	/
	/
	/

	RX: G/T [dB/T]
	Set1: 1.1 dB/K
Set2: -4.9 dB/K
	1.10
	1.10
	13.00
	19.00
	19.00

	altitude[m]
	600km, 1200km, 35786km
	600000.00
	1200000.00
	10000000.00
	35786000.00
	35786000.00

	elevation angle[degree]
	10~90
	30.00
	30.00
	30.00
	12.50
	20.00

	earth radius[m]
	6371km
	6371000.00
	6371000.00
	6371000.00
	6371000.00
	6371000.00

	distance[m]
	Equation (6.6-3) in TR38.811
	1075088.03
	1998881.39
	12227721.97
	40316680.21
	39550728.43

	Free space path loss [dB]
	Equation (6.6-2) in TR38.811
	159.10
	164.49
	180.22
	190.58
	190.41

	Atmospheric loss [dB]
	Equation (6.6-8) in TR38.811
	0.07
	0.07
	0.07
	0.16
	0.10

	Shadow fading margin [dB]
	0 dB for VAST
3 dB for others
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	For <6GHz, consider Ionospheric loss: 
latitude of maximum ±20°,  2.2 dB, 
Otherwise, 0dB.
For >6GHz, consider Tropospheric loss: Table 6.6.6.2.1-1, according to elevation angle
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	For VAST, no loss
For handheld, 0 dB or 3 dB depends on 2Rx or 1Rx
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	0 dB
	0.00
	0.00
	0.00
	0.00
	0.00

	CNR [dB]
	　
	-5.23
	-10.62
	-14.45
	-18.91
	-18.68

	CIR [dB]
	　
	　
	　
	　
	　
	　

	CINR [dB]
	　
	-6.37
	-10.98
	-14.60
	-18.96
	-18.74





5.4 Annex D: TP for TS 38.321 ver 17.6.0
START OF the CHANGE
[bookmark: _Toc131023597][bookmark: _Toc52796607][bookmark: _Toc52752145][bookmark: _Toc46490450][bookmark: _Toc37296319][bookmark: _Toc29239902]6.2.1	MAC subheader for DL-SCH and UL-SCH
<the unchanged part is omitted>
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 (e)RedCap UE, an eMUSIM UE with capability restriction, and an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	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
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for an eRedCap UE 

	38
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for an eRedCap UE

	39
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for an eMUSIM UE with capability restriction  

	40
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for an eMUSIM UE with capability restriction 

	3741–42
	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 (e)RedCap UE, an eMUSIM UE with capability restriction, and an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	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, except for an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding


<the unchanged part is omitted>
Table 6.2.1-2b Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 2258
	64 to 28992
	Reserved

	226
	290
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	227
	291
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	228
	292
	C-RNTI for an eNTN UE with the request/support of PUCCH repetition for Msg4 HARQ-ACK

	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


END OF the CHANGE
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