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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#105 e-meeting, several detailed issues have been discussed, including Msg3 repetition request condition, repetition number indicating scheme, and the determination of available slot for Msg3 repetition. Many candidate solutions have been proposed by in contributions, and following agreements were achieved in last RAN1 meeting [1].
	RAN1#105-e chairman’s notes [1]:
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.
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.  
Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on dynamic SFI in DCI format 2-0.
 
Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on UL CI.
 
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.
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.
Agreement: Available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated.

Agreement: Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 
· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 
· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.
Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 


In this contribution, we will discuss the detailed mechanism of UE requesting Msg3 PUSCH repetition, including the UE requesting conditions and the configuration of the separate PRACH resources. We will also share our views on the indication design of Msg3 PUSCH repetition initial and re-transmission, and the method for determination of the available slots.
2. Discussion
1. 
2. 
2.1. Conditions of requesting Msg3 PUSCH repetition
The principle of UE requesting for Msg3 PUSCH repetition has been agreed which can minimize the impacts to the RACH performance of Rel-15/16 UEs. Msg3 PUSCH repetition is designed to enhance the performance of Msg3 transmission for UEs in the poor coverage scenarios, such as the cell edge or areas in deep fading.
In Rel-15/16 networks, legacy UE determines Msg1 parameters according to SS-RSRP in the 4-step random access procedure. Legacy UE selects a PRACH preamble randomly among the PRACH preambles associated with certain SSB which is selected according to SS-RSRP measurement. Similarly, for Rel-17 CE UEs, it is reasonable to use SS-RSRP as a reference of the current channel condition. Msg3 PUSCH repetition can be requested if the measured SS-RSRP of all SSBs is below certain threshold. The new threshold is configured by gNB which could be lower than rsrp-ThresholdSSB, leaving some margin for RACH power ramping. 
Before sending Msg1 for Msg3 PUSCH repetition request, CE UE should select a proper SSB and determine the RO resource associated with the selected SSB. In coverage enhancement scenario, different path loss condition requires different repetition number, and multiple thresholds for SSB selection would be configured if the SSB selection criterion of legacy 4-step RACH is adopted. Therefore, the criterion of SSB selection should be studied considering different path loss conditions.

Figure 1. Threshold configuration for Msg3 repetition request.
A generic procedure of Msg3 PUSCH repetition requesting is described as below. A new threshold, such as rsrp-ThresholdSSB-Msg3RepetitionRequest, is configured in system information. If SS-RSRP measurements of all SSBs are lower than rsrp-ThresholdSSB-Msg3RepetitionRequest, Rel-17 CE UE sends Msg1 requesting for Msg3 PUSCH repetition with the maximum transmit power using separate PRACH resources associated a selected SSB. The selected SSB can be based on the predefined criterion, such as SSB with the largest SS-RSRP measurement.
Proposal 1: Rel-17 CE UE should request for Msg3 PUSCH repetition when SS-RSRP measured on all SSBs are lower than certain threshold which is lower than rsrp-ThresholdSSB.

2.2. PRACH resources for Msg3 PUSCH repetition
As described in the UE requested Msg3 PUSCH repetition mechanism, Rel-17 CE UE sends Msg1 via separate PRACH resources to request Msg3 enhancement. The separate PRACH resources could be configured from the PRACH preambles in shared RACH occasions or in separate RACH occasions, similar as PRACH resource separation of 2-step RACH configuration. 
The shared ROs with separate preambles are agreed as one feasible configuration for Msg3 repetition request in the last meeting. The detailed design of preamble partition coexisting with other Rel-17 features will be discussed in RAN2 [2]. Further issues about the shared ROs should be also decided in RAN2, including whether to support separate preambles over 2-step RACH ROs, how to use mask in preamble partition.
If the separate ROs are configured for RACH procedure with Msg3 PUSCH repetition to avoid the fragmentation of the preamble resources, the same preambles can be used for 4-step RACH procedure with/without Msg3 PUSCH repetition according to different RO configurations. For example, the separate ROs for Msg3 PUSCH repetition can be FDMed with ROs for legacy 4-step RACH similar as the separate RO configuration for 2-step RACH. In this case, RAR response to Msg1 using separate RACH occasions may use a same RNTI and RAPID as Msg1 in the legacy 4-step RACH occasions, both Rel-17 CE UEs and legacy 4-step RACH UEs cannot distinguish whether the RAR is in response to the preamble detected from legacy 4-step RACH RO or the preamble for the separated RO requesting for Msg3 PUSCH repetition. Hence, a new RNTI computation is needed, if ROs associated with Msg3 PUSCH repetition are separately configured. Note that, the separate RNTI computation, i.e. MSGB-RNTI, has been introduced for 2-step RACH for the case that separate ROs are configured for 2-step RACH.
[bookmark: _Hlk71388720]Proposal 2: If separate ROs are configured for requesting Msg3 repetition, a new RNTI computation method is necessary.

2.3. Number of PUSCH repetitions for Msg3 enhancement
The target of Msg3 enhancement should be considered which may have impacts on the number of repetitions supported for Msg3 PUSCH. According to the evaluation results summarized in TR 38.830, Msg3 PUSCH is identified as bottleneck channel in some scenarios as illustrated in Table 1. For FR1 bands, Msg3 PUSCH should be enhanced for rural scenario. The performance gaps based on MPL derived from the deployment target metrics are -1.90dB and -0.6dB in rural 4GHz scenario and rural 700MHz scenario respectively. For the relative comparison, MIL performance is 5.86dB and 2.96dB better than those of the worst channel referred to PUSCH for eMBB. For FR2, there is a large performance gap, i.e. -19.57dB, compared to the target coverage range ISD=200m for urban 28GHz scenario, while the relative gap is -3.41dB compared to the reference channel. 
Summarizing the evaluation results of rural 4GHz scenario, the coverage gap is about -0.60~-1.90dB to be compensated in CE SI, targeting to reach the absolute coverage range requirement. The performance gap derived from the deployment dependent target for urban 28GHz scenario is unacceptable for CE SI. The performance gap derived based on the reference channel, -3.41dB, should be adopted as the enhancement target for urban 28GHz scenario.
[bookmark: _Hlk68562560]Observation 1: The enhancement target for Msg3 repetition can be determined based on the outcome of SI
· -0.60 ~ -1.90dB for normal UE in rural 4GHz scenario,
· -3.41dB for normal UE in urban 28GHz scenario.
The number of Msg3 repetition should be determined according to the enhancement target. Figure 2 illustrates the BLER performance of Msg3 transmission with different repetition numbers for rural 4GHz scenario. The detailed simulation parameters are summarized in Table 4. According to the simulation results, the performance gain is 2.79dB and 5.70dB respectively for 2 repetitions and 4 repetitions, which is good enough to compensate the coverage gap for all the scenarios as well as all types of UEs.
[bookmark: _Hlk68562590]Observation 2: The performance gain is 2.79dB and 5.70dB respectively for Msg3 transmission with 2 repetitions and 4 repetitions.
Proposal 3: The set of Msg3 PUSCH repetition numbers should be 1, 2, 4.
 
Table 1. Performance gap of Msg3 PUSCH targeted to the desired coverage region
	Scenario
	Scenario dependent target metrics
	MPL
	MIL

	
	
	Representative MPL value
	Gap from deployment dependent target
	Representative MIL value
	Gap from the worst channel

	Rural 4GHz TDD NLOS O2I
	ISD=1732m with BS Tx power of 33dBm/MHz
	129.68
	-1.90
	148.11
	5.86

	Rural 700MHz FDD NLOS O2I
	ISD=4000m
	129.88
	-0.60
	147.50
	2.96

	Urban 28GHz TDD NLOS O2I
	ISD=200m
	103.53
	-19.57
	139.72
	-3.41

	Note1: For FR2 scenarios, the relative difference is calculated by compared to the reference MIL of PUCCH format 1.
Note2: The evaluation of FR2 suburban scenario is also considered in TR 38.830, Msg3 PUSCH is one of the bottleneck channels in FR2 suburban scenario showing the similar coverage gaps as those of FR2 urban scenario. The evaluation results are illustrated in this table because only one company evaluates this scenario. 



[image: ]
Figure 2. BLER performance gain of Msg3 transmission with Type A PUSCH repetition

2.4. Indication of Msg3 PUSCH repetition
In the last meeting, it has been agreed that UL grant format in RAR UL grant should not be changed when indicating Msg3 PUSCH repetition number. Some bit fields in UL grant are selected for indicating the repetition number.
Some values of some fields in legacy UL grant designed for typical scenario are rarely used in the coverage enhancement scenario. In Rel-15/16, TDRA table is defined to indicate the time domain resources for PUSCH transmission considering the slot offset K2 and PUSCH mapping type A/B. Some TDRA combinations in legacy default TDRA table, such as row index 6 highlighted with red letters in Table 2, are not suitable for Msg3 PUSCH repetition, because only half part of the symbols in the available slots is allocated. Regarding the redundant values in legacy UL grant, additional information, such as the repetition number, can be indicated in UL grant for Msg3 PUSCH repetition scheduling.
Observation 3: There are some redundant values in some fields in UL grant, e.g. TDRA, in the coverage enhancement scenario.
Similar as the TDRA table in Rel-16, which includes the repetition number for PUSCH repetition Type A configured by higher layer information, the time domain resources for Msg3 PUSCH repetition can be derived by different interpretation of UL grant via a separate TDRA table configured by system information or predefined in the specification. As discussed above, it is expected to maximize the utilization of the symbols within the available slot, thus the length of allocated symbols within one slot of Msg3 repetition is preferred to be as large as possible in the new TDRA table. Considering the current size of TDRA table, it is possible to introduce a fixed TDRA table, such as Table 3, if the set of the repetition number candidates is smaller than or equal to 4.
[bookmark: _Hlk68562509]Proposal 4: The repetition number can be indicated in a separate TDRA table, which is predefined in the specification or configured by system information.
Since separate PRACH resources are used to trigger RACH procedure with Msg3 repetition, gNB can provide separate RAR MAC SubPDUs for different PRACH preambles detected or different ROs. Rel-17 CE UEs which have requested Msg3 repetition can interpret RAR UL grants according to the corresponding RNTI or RAPID. For Msg3 repetition triggered through separate preambles, RAPID, which is associated with the preamble UE transmitted, is delivered together with the UL grant in RAR MAC SubPDU. If the RAPID, corresponding to the preamble Rel-17 CE UE transmitted for requesting Msg3 PUSCH repetition, is detected in a RAR MAC SubPDU, Rel-17 CE UE interprets the UL grant using the new TDRA table. Similarly, for Msg3 repetition triggered through separate ROs, UE monitors RAR using separate RNTIs. If detected, Rel-17 CE UE interprets the UL grant using the new TDRA table.
Proposal 5: UE determines how to interpret the TDRA based on RAPID in the MAC SubPDU or RNTI.
· If RAPID or RNTI is associated RACH procedure with Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· If UE detect RAR using new RNTI or RAPID associated with RO or preamble for Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· Otherwise, the default TDRA table in Rel-16 is used.

Table 2. Default PUSCH time domain resource allocation A for normal CP defined in Rel-15/16
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



Table 3. Dedicated PUSCH time domain resource allocation A for normal CP for Msg3 repetition
	Row index
	PUSCH mapping type
	
	S
	L
	Repetition number

	1
	Type A
	j
	0
	14
	1

	2
	Type A
	j
	0
	12
	1

	3
	Type B
	j
	2
	10
	1

	4
	Type A
	j+1
	0
	14
	1

	5
	Type A
	j+1
	0
	12
	1

	6
	Type A
	j+2
	0
	14
	1

	7
	Type A
	j+2
	0
	12
	1

	8
	Type A
	j+3
	0
	14
	1

	9
	Type A
	j
	0
	14
	2

	10
	Type A
	j
	0
	12
	2

	11
	Type A
	j+1
	0
	14
	2

	12
	Type A
	j+1
	0
	12
	2

	13
	Type A
	j+2
	0
	14
	2

	14
	Type A
	j
	0
	14
	4

	15
	Type A
	j
	0
	12
	4

	16
	Type A
	j+2
	0
	14
	4



Msg3 retransmission is scheduled by DCI format 0_0 scrambled with TC-RNTI. The same mechanism can be adopted to allocate the time resources and determine the available slot which will be introduce in the next subsection, minimizing the specification works. The TDRA table with repetition number indication defined in the initial transmission can be used in the Msg3 retransmission scheduling. Therefore, Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.
Proposal 6: Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.

2.5. Determination of available slots for Msg3 PUSCH repetition
In the last meeting, it has been agreed that the available slots for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon and the flexible symbols / slots indicated by TDD-UL-DL-Configcommon need to be further studied for the determination of available slots for Msg3 PUSCH repetition. Based on the discussion in the last meeting, there are two candidate schemes for the usage of the flexible symbols.
A conservative scheme proposed in the last meeting is that none of the flexible symbols / slots indicated by TDD-UL-DL-Configcommon are considered as available slots. The available slots are only the UL slots and the slots with consecutive UL symbols covering the transmit time of Msg3 PUSCH. The start slot for Msg3 PUSCH repetition should be the earliest available slot satisfying the PUSCH scheduling timeline requirement. However, this scheme is not an efficient solution for available slot determination, because the potential UL slots are unaccounted which may be indicated as UL slots / symbols in tdd-UL-DL-ConfigurationDedicated. This scheme may not derive the available slots successfully in some special case. For example, when all the slots are configured as flexible on unpaired spectrum, there would be no available slot for Msg3 PUSCH repetition. Furthermore, this scheme cannot be compatible with legacy 4-step RACH scheduling. Even in Rel-15/16, Msg3 PUSCH can be transmitted in the slot containing flexible symbols according to RAR UL grant. For Msg3 PUSCH repetition, it does not make sense to exclude all flexible symbols. 
The other scheme is that a part of the flexible symbols / slots can be counted as the available slot for utilizing the flexible slots efficiently and shorten the transmission delay of Msg3 PUSCH repetition. The availability information can be achieved through the implicit rule or explicit indication. 
In Rel-16, the slot for Msg 3 indicated by RAR UL grant is considered as available, regardless of whether flexible symbols are scheduled. Similarly, for Msg3 repetition, the first N (e.g. N=1) slots, determined according to TDD-UL-DL-Configcommon and TDRA, are considered as available, even if semi-static flexible symbols are included. For remaining Msg3 PUSCH repetitions, they are only transmitted in the UL slots. 
For explicit indication, whether the slots, which include semi-static flexible symbols in the allocated symbols, are available slots, can be indicated in the dynamic signaling. The available indication can be transmitted in DCI format 1-0 scrambled with RA-RNTI such as refarming the reserved 14 bits, or in UL grant through repurpose some bit field for initial transmission, and in DCI format 0-0 scrambled with TC-RNTI for retransmission.
[bookmark: _Hlk68562620] 
[bookmark: _GoBack]Figure 3. An example of the available slot determination via implicit rule or explicit indication.
Proposal 7: The slots with semi-static flexible symbols configured by TDD-UL-DL-Configcommon can be determined as available slot for Msg3 PUSCH repetition, and following options can be considered to determine whether these slots are available,
· Option 1. The first N (e.g. N=1) slots, determined as available according to type-A repetition mechanism, are also considered as available for Msg3 PUSCH repetition. The remaining repetitions are only transmitted in the UL slots. (implicit rule)
· Option 2. Whether the slots, which include semi-static flexible symbols in the allocated symbols, are available slots, can be indicated in the dynamic signalling, e.g. DCI format 1-0 with RA-RNTI, RAR UL grant, or DCI format 0-0 with TC-RNTI. (explicit indication)

3. Conclusion
In this contribution, we discuss the detailed design for Msg3 PUSCH coverage enhancement, and summarize the following observations and proposals: 
Observation 1: The enhancement target for Msg3 repetition can be determined based on the outcome of SI
· -0.60 ~ -1.90dB for normal UE in rural 4GHz scenario,
-3.41dB for normal UE in urban 28GHz scenario.
Observation 2: The performance gain is 2.79dB and 5.70dB respectively for Msg3 transmission with 2 repetitions and 4 repetitions.
Observation 3: There are some redundant values in some fields in UL grant, e.g. TDRA, in the coverage enhancement scenario.

Proposal 1: Rel-17 CE UE should request for Msg3 PUSCH repetition when SS-RSRP measured on all SSBs are lower than certain threshold which is lower than rsrp-ThresholdSSB.
Proposal 2: If separate ROs are configured for request Msg3 repetition, a new RNTI computation method is necessary.
Proposal 3: The set of Msg3 PUSCH repetition numbers should be 1, 2, 4.
Proposal 4: The repetition number can be indicated in a separate TDRA table, which is predefined in the specification or configured by system information.
Proposal 5: UE determines how to interpret the TDRA based on RAPID in the MAC SubPDU or RNTI.
· If RAPID or RNTI is associated RACH procedure with Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· If UE detect RAR using new RNTI or RAPID associated with RO or preamble for Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· Otherwise, the default TDRA table in Rel-16 is used.
Proposal 6: Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.
Proposal 7: The slots with semi-static flexible symbols configured by TDD-UL-DL-Configcommon can be determined as available slot for Msg3 PUSCH repetition, and following options can be considered to determine whether these slots are available,
· Option 1. The first N (e.g. N=1) slots, determined as available according to type-A repetition mechanism, are also considered as available for Msg3 PUSCH repetition. The remaining repetitions are only transmitted in the UL slots. (implicit rule)
· Option 2. Whether the slots, which include semi-static flexible symbols in the allocated symbols, are available slots, can be indicated in the dynamic signalling, e.g. DCI format 1-0 with RA-RNTI, RAR UL grant, or DCI format 0-0 with TC-RNTI. (explicit indication)
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Annex
[bookmark: _Ref40286529]Table 4. Link-level simulation assumptions for Msg3 enhancement
	Parameters
	Value for repetition type A

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T, 2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	TB size
	56 bits

	Modulation
	QPSK

	Slots/Repetitions
	Single transmission, 2 repetitions, and 4 repetitions

	Data allocation
	14 symbols, 2 RB without frequency hopping

	DMRS configuration
	3 DMRS/slot
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