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1. [bookmark: OLE_LINK1]Introduction
In Rel-17 CE SI, most UL channels are identified as the coverage bottleneck channels in many scenarios, e.g., Rual 700MHz FDD NLOS O2I scenario [1]. Up to Rel-17, PUSCH repetition Type A is supported when transmitting PUSCH scheduled by a grant among the following cases. 
· DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1;
· RAR UL grant, i.e., Msg3 initial transmission;
· DCI format 0_0 with CRC scrambled by TC-RNTI, i.e., Msg3 re-transmission. 
In Rel-18, PRACH repetition [2] and repetition of PUCCH carrying Msg4 HARQ-ACK [3] will be further supported. PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI is one important channel left that does NOT support repetition transmission. 
In this contribution, the coverage performance of PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, e.g., Msg5 PUSCH, is evaluated. And potential issues and corresponding mechanisms to support Msg5 PUSCH repetition are also discussed. 
2. Coverage analysis
[bookmark: OLE_LINK3]As shown in Figure-1, after a UE performing 4-step RACH procedure, the network would schedule Msg5 PUSCH transmission to complete the RRC setup. Typically, the network performs the first RRC reconfiguration according to the UE capability information. Before the UE capability is reported, some functions that need to be determined based on the UE capability information cannot be configured. Therefore, before the first RRCReconfiguration message is received, DCI formats other than format 0_0 cannot be used for UL scheduling. So, Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, cannot be scheduled with repetition. 
Observation 1: Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, is the only uplink channel does not support repetition transmission after a UE performing 4-step RACH procedure in Rel-18. 
[image: ]
Figure-1: Higher layer procedure for a UE accessing the network
It is observed that Msg5 transmission is the coverage bottleneck according to the real filed test. The situation would get worse when repetition transmission of PRACH/Msg3/Msg4 HARQ-ACK is enabled. This is because more UEs would access to the network after the RACH procedure while congested during Msg5 transmission. 
Observation 2: Msg5 PUSCH is the coverage bottleneck according to the real filed test.
Msg5 PUSCH is now one of the few UL channels does not support repetition transmission in Rel-18. However, it may have even worse coverage than some other UL channels (e.g., Msg3 PUSCH according to the evaluation below). Therefore, no support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage related features, especially for repetition based features including the ones for NTN.  
[bookmark: OLE_LINK4]Observation 3: No support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage enhancement related features in both TN and NTN scenarios.
To further evaluate the transmission performance of the Msg5 PUSCH, some link-level simulations are performed. Regarding the information carried by the Msg5 PUSCH, the packet size is assumed as 118 Bytes, which contains RRCSetupComplete (~102 Bytes), potential PHR and BSR (10 Bytes), and sub-layer (including, PDCP, RLC and MAC) header overhead (6 Bytes). As shown in Figure-2, TDD frame structure ‘DDDDD DDSUU’ with 30kHz SCS is used in the simulation. Then, there will be at most 2 times of transmission during one radio frame. The other detail simulation assumptions can be found in the Appendix. 
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Figure-2: TDD frame structure used in the simulation
In the simulation, the Msg5 PUSCH transmission performances under different maximum transmission times are evaluated. For example, ‘Msg5 with max 2 (re-)transmissions’ represents that there are at most 2 transmissions for Msg5 PUSCH, including initial transmission and retransmission. The performance of Msg3 PUSCH transmissions with different repetition factors (i.e., 1, 2, 4 and 8) are taken as baseline. The simulation results are showed in Figure-3 and Table-1. 

Figure-3: Performance for Msg3 and Msg5 PUSCH transmission
Table-1: Performance for Msg3 and Msg5 at BLER = 0.1
	Simulation cases
	Target SNR (dB) w/o power normalization
	Target SNR (dB) w/ power normalization to one PRB

	Msg3 without repetition
	-7.31
	-4.3

	Msg3 with 2 repetitions
	-11.24
	-8.23

	Msg3 with 4 repetitions
	-13.66
	-10.65

	Msg3 with 8 repetitions
	-15.91
	-12.9

	Msg5 with max 2 (re-)transmissions
	-9.21
	5.84

	Msg5 with max 4 (re-)transmissions
	-10.25
	4.8

	Msg5 with max 8 (re-)transmissions
	-11.18
	3.87



According to the above simulation results, significant performance gap can be observed between Msg5 PUSCH and Msg3 PUSCH, even though HARQ re-transmissions are enabled for Msg5 PUSCH while not for Msg3 PUSCH. It means that Msg5 PUSCH has more severe coverage issue than Msg3 PUSCH and therefore is the coverage bottleneck. 
Observation 4: The performance gap between Msg5 PUSCH transmission and Msg3 PUSCH transmission is large, which is summarized in the following table.
	Performance gap(dB) between Msg5 and Msg3 at BLER = 0.1 
	Msg3 without Repetition
	Msg3 with 2 Repetitions
	Msg3 with 4 Repetitions
	Msg3 with 8 Repetitions

	Msg5 with max 2 (re-)transmissions
	>10
	>10
	>15
	>15

	Msg5 with max 4 (re-)transmissions
	9.1
	>10.
	>15
	>15

	Msg5 with max 8 (re-)transmissions
	8.17
	>10
	>10
	>15



During RAN1#112 meeting, RLC segmentation is proposed by some companies to improve Msg5 PUSCH coverage. However, the layer 2 header overhead increases significantly with the increase of the number of segmentations. For each segmented packet, an RLC header with 4 Bytes and a MAC header with 2 Bytes will be additionally added and a PDCP header with 2 Bytes is shared by all segmented packet. While for PUSCH repetition, there is always 6 Bytes layer header overhead for each repetition transmission. The payload size of Msg5 is much larger than Msg3. If segmentation is used, more than 10 segmentations are required to approach similar payload size as Msg3. Then, as given in Table-2, the ratio of layer 2 header overhead would reach 30.9% and 46.7% for 8 and 16 segmentations respectively, making it an unfeasible solution in reality. 
Table-2: Layer 2 header overhead for Msg5 PUSCH transmission w/ or w/o segmentation
	Number of segmented packets (N)
	Size of data (excluding header overhead)
	Layer 2 header overhead
	Payload size of each packet after segmentation
	Ratio of layer 2 header overhead

	1 (repetition or w/o segmentation)
	112 Bytes
	2 (PDCP header) + 2 (RLC header) + 2 (MAC header) = 6 Bytes
	118 Bytes
	5.1%

	2
	112 Bytes
	2 (PDCP header) + 4*N (RLC header) + 2*N (MAC header) = 14 Bytes
	63 Bytes
	11.1%

	4
	112 Bytes
	26 Bytes
	
35 Bytes
	18.8%

	8
	112 Bytes
	50 Bytes
	
21 Bytes
	30.9%

	16
	112 Bytes
	98 Bytes
	
14 Bytes
	46.7%

	32
	112 Bytes
	194 Bytes
	
10 Bytes
	63.4%



[bookmark: OLE_LINK2]Observation 5: If segmentation is used, more than 10 segmentations are required to approach similar packet size as Msg3. The layer 2 header overhead increases significantly (e.g., 46.7% for 16 segmentations, 63.4% for 32 segmentations), making it an undesirable solution in reality. 
In addition, similar to other PUSCH channels supporting repetition, using a larger TBS without segmentation can provide better performance in terms of large encoding gain and small high layer overhead. This is also the reason why TBoMS transmission is supported in Rel-18 for PUSCH scheduled by DCI format 0_1/0_2. 
Observation 6: Similar to other PUSCH channels supporting repetition or TBoMS, PUSCH transmission with less segmentation can provide better performance in terms of large encoding gain and small high layer overhead. 
Except for Msg5, similar coverage issue could be observed for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI even after UE capability reporting. Thus, we propose to support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
[bookmark: OLE_LINK15]Proposal 1: Support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
3. Proposed enhancement
Both Msg5 PUSCH and Msg3 retransmission are scheduled by DCI format 0_0, and the only difference is the RNTIs used. That is, TC-RNTI is used to scramble CRC of the DCI format for Msg3 retransmission scheduling, while C-RNTI is used Msg5 PUSCH. Therefore, from our perspective, similar repetition mechanism can be reused to support Msg5 PUSCH repetition, and the standardization effort would be limited. 
In this context, we can consider the following solution for support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 
· Alternatively, using separate PRACH resources for the request can also be considered, while this would result in further PRACH partition and therefore not preferred. 
· Similar mechanism has been agreed/discussed in several Rel-18 topics, 
· It has agreed that the early indication for Rel-18 eRedCap is included in Msg3/MsgA PUSCH; 
· The request of PUCCH repetition for Msg4 HARQ-ACK is also proposed to be carried in Msg3 PUSCH as discussed in Rel-18 NTN WI. 
Proposal 2: For support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, adopt the following solution. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 
4. Conclusion
The following observations and proposals are provided for support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI: 
Observation 1: Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, is the only uplink channel does not support repetition transmission after a UE performing 4-step RACH procedure in Rel-18. 
Observation 2: Msg5 PUSCH is the coverage bottleneck according to the real filed test.
Observation 3: No support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage enhancement related features in both TN and NTN scenarios.
Observation 4: The performance gap between Msg5 PUSCH transmission and Msg3 PUSCH transmission is large, which is summarized in the following table.
	Performance gap(dB) between Msg5 and Msg3 at BLER = 0.1 
	Msg3 without Repetition
	Msg3 with 2 Repetitions
	Msg3 with 4 Repetitions
	Msg3 with 8 Repetitions

	Msg5 with max 2 (re-)transmissions
	>10
	>10
	>15
	>15

	Msg5 with max 4 (re-)transmissions
	9.1
	>10
	>15
	>15

	Msg5 with max 8 (re-)transmissions
	8.17
	>10
	>10
	>15



Observation 5: If segmentation is used, more than 10 segmentations are required to approach similar packet size as Msg3. The layer 2 header overhead increases significantly (e.g., 46.7% for 16 segmentations, 63.4% for 32 segmentations), making it an undesirable solution in reality. 
Observation 6: Similar to other PUSCH channels supporting repetition or TBoMS, PUSCH transmission with less segmentation can provide better performance in terms of large encoding gain and small high layer overhead. 
Proposal 1: Support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
Proposal 2: For support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, adopt the following solution. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 

5. Reference
[1] [bookmark: _Ref127441224]3GPP TR 38.830, ‘Study on NR coverage enhancements (Release 17) v17.0.0’, 2020-12.
[2] [bookmark: _Ref127441250]RP-221858, ‘Revised WID on Further NR coverage enhancements’, China Telecom.
[3] [bookmark: _Ref127441262]RP-222654, ‘Revised WID: NR NTN (Non-Terrestrial Networks) enhancements’, Thales, NTT DOCOMO.
[bookmark: _GoBack]
Appendix - LLS assumptions for PUSCH 
Table A-1 Simulation assumption for Msg3 and Msg5
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for urban scenario

	UE speed
	3 km/h for Urban

	BS antenna configuration
	4Rx

	UE antenna configuration
	1 Tx

	System bandwidth
	100 MHz

	Sub-carrier spacing
	30kHz

	TBS(bits)
	56bits for Msg3, 984bits for Msg5

	Occupied RBs
	2 for Msg3, 32 for Msg5

	MCS
	0

	Waveform
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead
	3 DMRS symbols

	Number of repetitions
	1/2/4/8

	Max number of Re-transmissions
	1/3/7

	Frequency hopping
	w/ hopping

	TDD pattern
	DDDDDDDSUU

	Channel estimation
	Practical

	Receiver type
	MMSE





Uma-4GHz-TDD
Msg3 w/o Repetition 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.96713000000000005	0.87514999999999998	0.68276999999999999	0.41422999999999999	0.21804000000000001	0.10721	Msg3 with 2 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.98477000000000003	0.90500999999999998	0.69418999999999997	0.39760000000000001	0.15792	4.369E-2	1.082E-2	Msg3 with 4 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.81330000000000002	0.52368999999999999	0.26362000000000002	8.0130000000000007E-2	2.324E-2	Msg3 with 8 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.41505999999999998	0.14102999999999999	3.6499999999999998E-2	1.6000000000000001E-3	Msg5 with max 2 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99880000000000002	0.96758	0.84106000000000003	0.54374	0.23480000000000001	7.7740000000000004E-2	Msg5 with max 4 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99919999999999998	0.93164000000000002	0.71409999999999996	0.34615000000000001	0.11427	3.0169999999999999E-2	Msg5 with max 8 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99200999999999995	0.87922999999999996	0.54346000000000005	0.18412999999999999	3.0589999999999999E-2	5.2599999999999999E-3	Msg5 with max 1 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	
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