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Introduction
In RAN1#106b-e meeting, coverage enhancement for Msg3 was discussed including request of Msg3 PUSCH repetition, indication of the number of repetition for initial and re-transmission, available slots and actual transmission for msg3 PUSCH repetition, RV, and intra-/inter-slot frequency hopping. Also, several agreements were made [1]. Following the previous agreement, we continue to discuss on coverage enhancement for Msg3.
Discussion
In this section, we discuss on indication of the number of repetition of Msg3 initial and re-transmission, available slots for msg3 PUSCH repetition, requesting Msg3 PUSCH repetition, and RV for msg3 PUSCH repetition.

Indication of the number of repetition
Indication of number of repetition for initial transmission
In RAN1#106b-e, it was discussed how to use the information field in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. Also, it was decided to down-select only one field among TDRA and MCS in RAR for indicating of the number of repetition.
	Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
·   The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
·  The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.



One of concern about using TDRA information field to indicate the number of repetition is that it would cause large overhead in SIB1. To resolve this concern, setting default values for each element of TDRA table can be considered. It enables UE to use the default value without indication to set the values in SIB1. Naturally when gNB configures another values via SIB1, then the UE overrides the default value.

Proposal 1: Adopt setting default values for each element of TDRA table if TDRA based method is selected.

The second alternative could be limitation for gNB with indicating proper MCS level to Msg3 since it uses only remained 2 bit field for MCS level indication. However in case Alt.2 is supported, following two options should be considered to indicate MCS with remained 2 bits.
· Option 1. Any four indices among 16 indices of 4bit MCS table can be used for indicating MCS level for msg3 PUSCH.
· Option 2. The lowest level of MCS, i.e., {0, 1, 2, 3} are used for indicating MCS level for msg3 PUSCH.

Two options can indicate same number of MCS indices. Considering option 1, it is desirable in terms of scheduling flexibility of gNB. That is, multiple combinations can be realized by how the predefined states are determined. One of the possible candidate for flexible configuration is that four states are determined by starting with specific index in increasing order which is indicated by gNB. For example, gNB indicates starting MCS index to 2 via SIB1, then four candidate states that can be indicated by 2 remained 2 bits are {2,3,4,5}. When the starting index is not configured, option 2 can be considered, i.e., option 2 can be the default value for option 1 since it is the special case of option 1 from our understanding. 
Considering above discussion, option 1 is the reasonable choice. Assuming option 1 is adopted, small amount of PRBs is required since it can utilize higher MCS indices. On the other hand, for option 2, large amount of PRBs should be assigned for scheduling same amount of payload size since it has restriction on MCS selection. That is, option 2 leads to lower PSD and lower coding rate compared to option 1 that leads to higher PSD and higher coding rate for the same amount of payload size. In RAN1#106bis-e meeting, it was agreed that companies are encouraged to bring evaluation results and some simulation scenarios are proposed to compare the two options [2].

From that perspective, performance comparison based on simulation results are shown through following tables. It is noted that power normalization should be taken into account since different number of PRB settings is considered. The very last column of each tables is the value for comparison at a glance. The gap is subtraction option 2 from option 1 of 10% BLER SNR with power normalization. Detailed simulation assumptions and results in terms of BLER are attached in the annex.

1Tx4Rx, 300ns, 4rep
	
	Option 1
	Option 2 
	Gap 

	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	TBS 72 bits
	-7.8
	-7.8
	-11.6
	-6.8
	-1.0

	TBS 120 bits
	-6.3
	-6.3
	-12.0
	-5.0
	-1.3

	TBS 224 bits
	-6.5
	-3.5
	-12.1
	-2.6
	-0.9



1Tx2Rx, 30ns, 4rep
	
	Option 1
	Option 2 
	Gap 

	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	TBS 72 bits
	-3.3
	-3.3
	-7.7
	-2.9
	-0.4

	TBS 120 bits
	-1.8
	-1.8
	-8.0
	-1.0
	-0.8

	TBS 224 bits
	-1.8
	1.2
	-8.0
	1.5
	-0.3



1Tx2Rx, 300ns, 4rep
	
	Option 1
	Option 2 
	Gap 

	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	TBS 72 bits
	-3.8
	-3.8
	-8.0
	-3.2
	-0.6

	TBS 120 bits
	-2.3
	-2.3
	-8.7
	-1.7
	-0.6

	TBS 224 bits
	-2.3
	0.7
	-9.1
	0.4
	0.3



Followings can be observed from the simulation results:
· In the first and second environments, option1 outperforms option2 in all the TBS settings. 
· It can be observed that performance difference between options is marginal when the sufficient spatial domain diversity gain can be obtained, which is represented by the first environment, or when the sufficient frequency diversity gain cannot be obtained due to relatively small delay spread, which is represented by the second environment.
· In the third environments, option1 outperforms option2 in the 72, 120 TBS settings and option2 outperforms option1 when TBS is 224bits.
· The spatial domain diversity cannot be guaranteed due to the limited number of Rx antenna. On the other hand, frequency diversity can be obtained due to the high frequency selectivity. That is the reason why the option 2 shows better performance compared to the option 1 since the option 2 exploits more number of PRB than option 1.

Throughout all cases, the performance difference between options in terms of 10% BLER SNR is between -1.3dB ~ 0.3 dB which is marginal. So it is hard to conclude that one of the options is supported due to the performance gain. Nevertheless, it is our understanding that option 2 requires relatively large amount of frequency resources which is not desirable for coverage enhancement scenario. From that perspective, option1 is preferable compared to option 2.

Observation 1: Option2 requires more PRBs than option1 without additional performance gain.
· Option 1. Any four indices among 16 indices of 4bit MCS table can be used for indicating MCS level for msg3 PUSCH.
· Option 2. The lowest level of MCS, i.e., {0, 1, 2, 3} are used for indicating MCS level for msg3 PUSCH.

Proposal 2: To support Alt. 2 for indication of the number of repetitions of Msg3 initial transmission, any four indices for MCS which is configured via SIB1 or predefined by default should be used.
· The set of candidate MCS indices could be chosen from 16 indices of 4bits MCS table.

Indication of number of repetition for re-transmission
For indication of the number of repetition of Msg3 re-transmission two options were identified In RAN1#105-e.
	Agreement: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  



For simplifying specification work, we prefer to use the same mechanism for indication of the number of repetition for both initial and re-transmission of Msg3. 

Proposal 3: Use the same mechanism for indication of the number of repetition for both Msg3 initial transmission and Msg3 re-transmission.

How to know a UE should apply legacy or new interpretation
In RAN1#106, it was decided to down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
	Agreements
Down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
Option 1:
· When a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table or legacy information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
Option 2:
· When a UE requests Msg3 repetition, gNB schedules Msg3 with or without repetition by respectively using the new TDRA table or legacy TDRA table; or gNB schedules Msg3 with or without repetition by respectively using repurposed information field or legacy interpretation of information field. Whether the UE should apply the new or the legacy TDRA table, or apply repurposed or legacy interpretation of the information field, is indicated by gNB. 
· FFS details, e.g. implicit or explicit indication or predefined.
· Repetition factor K=1 is NOT included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), gNB schedules Msg3 without repetition. The UE applies the legacy TDRA table, or the legacy interpretation of the information field.



In our understanding, there is no unclear or ambiguous part on operation of indicating number of repetition, if we choose option 1. Option1 is enough for the operation. If we choose option 2, additional spec changes will follow with that. In initial access procedure, there are only two chances between msg1 (where request of msg3 repetition can happen) and msg3 for a UE to receive any indication information from gNB which are DCI of RAR and RAR contents. If we adopt any additional indication between msg1 and msg3, some changes on the DCI of RAR or RAR contents are inevitable. Moreover, if we follow the principle of the option2, it should lead to another similar discuss about how a UE to know legacy or new interpretation about the modified DCI of RAR or RAR contents should be applied.

Proposal 4: Select option1 on how a UE should interpret the selected information field for indication of the number of repetitions.

Available slots and actual transmission
In RAN1#106b-e meeting, available slots and actual transmission for msg3 PUSCH repetition was discussed. In this subject, the discussion can be divided into two parts; the first one is determination of available slot and the latter one is actual transmission and dropping rule.

It is reasonable that the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon can be determined to be available. Besides, it is our understanding that the there is no ambiguity due to mismatch between tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, since it can be avoided by gNB’s scheduling and existing legacy Rel-16 mechanism. Therefore, we do not see any strong reason for additional explicit indication for whether flexible slots/symbols configured via TDD-UL-DL-Configcommon are available for Msg3 repetition.

Proposal 5: Do not support additional explicit indication for whether flexible slots/symbols configured via tdd-UL-DL-ConfigurationCommon are available for Msg3 repetition.

For the actual transmission and dropping rule, the following is agreed in RAN1#106-e meeting.
	Agreement 
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot. 
· FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17. 
FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)



For the first FFS point in the agreement, it is hard to understand the motivation for adopting exceptional case for the collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated. Similar to available slot determination, it is our understanding that gNB’s scheduling and existing legacy Rel-16 mechanism are sufficient.

Proposal 6: Do not support any exceptional case for the collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.

Requesting Msg3 PUSCH repetition
Separate RO
In RAN1#105-e meeting, it was agreed to use separate preamble with shared RO. Also, it needs to be decided whether to use separate RO additionally or not.
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
· Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.



The main consideration point of association between SSB and RO is whether the number of RO for CE is equal to or less than the number of RO for legacy RACH procedure. When the number of RO for CE and that of legacy RACH is same, the mapping ratio of SSB association is same with each other. Also, it is expected that same SSB indices can be mapped to ROs for CE and legacy RACH in the same time resource. However if less number of ROs for CE is configured than that of ROs for legacy RACH for resource efficiency, gNB should configure appropriate number of RO for CE which can guarantee that same SSB indices is mapped to ROs for CE and ROs for legacy RACH in the same time resource.

Proposal 7: Support to use separate RO (e.g., longer period, less ROs) configured by a separate PRACH configuration index from legacy UEs. 

RSRP threshold for triggering
In addition, it was agreed that an UE requests msg3 repetition at least when the RSRP of downlink pathloss is lower than an RSRP threshold. Remaining discussion point is how to determine the RSRP threshold.
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.



UL coverage can be determined depending on UE capability (e.g., UE maximum transmission power, UL Tx beam gain, the number of UE Tx antenna). During random access procedure (esp., UE in IDLE state), the UE capability is not reported to network, hence it is hard for network to indicate appropriate level of RSRP threshold. In this sense, it is better to determine the RSRP threshold in UE side considering on UE capability. 

Proposal 8: The RSRP threshold is determined by the UE side considering on UE capability (e.g., UE maximum Tx power, UE Tx beam gain, number of UE Tx antenna.)

RV
In RAN1#105-e meeting, RV sequence for msg3 PUSCH repetition was discussed, and followings were agreed. The remaining discussion point is whether the RV cycling for msg3 is based transmission occasions on available slot.
	Agreement: Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission.
· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 
· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· FFS: The RV cycling for Msg3 is based on transmission occasions on available slot.



We prefer to use common mechanism to apply RV cycling for both msg3 PUSCH repetition and normal PUSCH repetition. It needs to be discussed for not only msg3 PUSCH repetition but also normal PUSCH repetition. 

Proposal 9: The RV cycling for Msg3 can be based on transmission occasions on available slot, if the scheme is applied for normal PUSCH repetition.

Conclusion
Proposal 1: Adopt setting default values for each element of TDRA table if TDRA based method is selected.
Observation 1: Option2 requires more PRBs than option1 without additional performance gain.
· Option 1. Any four indices among 16 indices of 4bit MCS table can be used for indicating MCS level for msg3 PUSCH.
· Option 2. The lowest level of MCS, i.e., {0, 1, 2, 3} are used for indicating MCS level for msg3 PUSCH.
Proposal 2: To support Alt. 2 for indication of the number of repetitions of Msg3 initial transmission, any four indices for MCS which is configured via SIB1 or predefined by default should be used.
· The set of candidate MCS indices could be chosen from 16 indices of 4bits MCS table.

Proposal 3: Use the same mechanism for indication of the number of repetition for both Msg3 initial transmission and Msg3 re-transmission.
Proposal 4: Select option1 on how a UE should interpret the selected information field for indication of the number of repetitions.

Proposal 5: Do not support additional explicit indication for whether flexible slots/symbols configured via tdd-UL-DL-ConfigurationCommon are available for Msg3 repetition.
Proposal 6: Do not support any exceptional case for the collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.

Proposal 7: Support to use separate RO (e.g., longer period, less ROs) configured by a separate PRACH configuration index from legacy UEs. 
Proposal 8: The RSRP threshold is determined by the UE side considering on UE capability (e.g., UE maximum Tx power, UE Tx beam gain, number of UE Tx antenna.)

Proposal 9: The RV cycling for Msg3 can be based on transmission occasions on available slot, if the scheme is applied for normal PUSCH repetition.
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Annex: Simulation Assumption
In this section, simulation scenarios is justified. Following two points are primarily considered for the simulation for fair comparison between options.
· The valid TBS size should be used for comparison considering TBS determination process specified in subclause 6.1.4.2 of TS38.214.
· The same TBS size should be assumed between options.
Considering above, TBS size from the msg3 payload size table cannot be used for simulation scenario. Only a few of TBS size for PUSCH have different number of PRBs and MCS settings. For those handful of TBS sizes are not supported for the msg3 PUSCH transmission. Therefore, for the fair comparison, the only choice we can make is setting PRBs and MCS setting by following table to ensure same TBS sizes for options even it is not supported for the msg3 PUSCH transmission.

Table 1. Sets of PRB and MCS depending on TBS for each option when L (# of OS per slot) is 12
	
	TBS 72 bits
	TBS 120 bits
	TBS 224 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Option 1 for Alt.2
	1
	5
	1
	8
	2
	7

	Option 2 for Alt.2
	3
	0
	5
	0
	9
	0



Thus, following configurations is considered in the simulation:
· L = 12, 3 DMRS per slot
· PRB/MCS settings in the table above
· Various combinations for (# of Rx antennas, delay spread) 
· 2Rx, 300ns
· 4Rx, 300ns
· 2Rx, 30ns
The other detailed simulation assumptions are shown in Table 2. 

Table 2. Simulation assumption
	Parameter
	Value

	Carrier frequency
	2 GHz

	Subcarrier spacing
	30 kHz

	System BW
	150 RBs

	BS antenna configuration
	2, 4 Rx

	UE antenna configuration
	1 Tx

	Waveform 
	CP-OFDM

	Channel model
	TDL-C (NLOS) with delay spread 30, 300ns

	UE speed
	3 km/h

	Number of OS per repetition
	14

	DMRS overhead 
	3 DMRS symbols per slot

	Number of repetitions
	4

	L
	12

	Frequency hopping
	Inter-slot frequency hopping enabled

	Channel estimation
	Practical

	Receiver type
	MMSE



Annex: Simulation Results
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Figure 1. BLER performance comparison for 1Tx4Rx, 300ns, 4rep environment
[image: ]
Figure 2. BLER performance comparison for 1Tx2Rx, 30ns, 4rep environment
[image: ]
Figure 3. BLER performance comparison for 1Tx2Rx, 300ns, 4rep environment

	9/9	
image3.png
BLER

1Tx2Rx, 300ns, 4rep
1E+00 @—

$===s00

ol
TR LY
.~

1E01

--#--Op1_TBS72_PRB1_MCS5

1E-02 —e— 0p2_TBS72_PRB3_MCSO
--#--0p1_TBS120_PRB1_MCS8
—e— Op2_TBS120_PRB5_MCSO
--#--Op1_TBS224_PRB2_MCS7
—e— Op2_TBS224_PRB9I_MCSO

1E-03
-18 -16 -14 -12 -10 -8 -6
SNR[dB]




image1.png
BLER

1.E+00

1E01

1E-02

1E-03

1Tx4Rx, 300ns, 4rep

o =sgreas
Op1_TBS72_PRB1_MCS5
—e— 0p2_TBS72_PRB3_MCSO
Op1_TBS120_PRB1_MCS8
—e— 0p2_TBS120_PRBS_MCSO
Op1_TBS224_PRB2_MCS7
—e— 0p2_TBS224_PRB9_MCSO
AWy
18 16 14 12 10

-8 -6
SNR[dB]





image2.png
BLER

1.E+00

1E01

1E-02

1E-03

1Tx2Rx, 30ns, 4rep

--#-- 0p1_TBS72_PRB1_MCS5
—e&— 0p2_TBS72_PRB3_MCSO
--#-- 0p1_TBS120_PRB1_MCS8
—e— 0p2_TBS120_PRB5_MCSO
--#-- Op1_TBS224_PRB2_MCS7
—e— 0p2_TBS224_PRB9_MCSO

-18

-16 -14 -12 -10

-8 -6
SNRIdB]

4





