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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN#90e meeting, a new WID on NR coverage enhancements [1] was approved as one of the Rel-17 features. The objectives of Rel-17 coverage enhancements are to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD to compensate the coverage gap of the bottleneck channels as defined in TR 38.830[2]. 
Msg3 PUSCH is one of the bottleneck channels to be enhanced in CE WI. Msg3 PUSCH repetition is agreed to be specified as the enhancement scheme, and its potential specification impacts has been discussed and agreed in RAN1#103e meeting [3].
	RAN1#103 chairman’s notes [3]:
Agreements: Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication mechanism, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of the repetition type include:
· Introducing PUSCH repetition Type A.
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 


In this contribution, we will discuss the details of Msg3 PUSCH repetition design, including the repetition number, the trigger criterion, the parameter configurations and the early termination of Msg3 PUSCH repetition.

2. Discussion
2.1. Number of PUSCH repetitions for Msg3 enhancement
The target of Msg3 enhancement should be considered at the beginning of CE WI, which may have impacts on the number of repetitions supported for Msg3 PUSCH. According to the evaluation results summarized in TR 38.830 [2], 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, -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. 
It should be noted that, according to the discussion in RedCap SI [4], the enhancement solutions defined in CE WI may be used to enhance the coverage performance of RedCap UE. Due to the small factor of RedCap UE, there is a 3dB loss of antenna gain for FR1 bands. The MPL gap for FR1 RedCap UE is -4.9dB and -3.6dB in rural 4GHz scenario and rural 700MHz scenario respectively. 
Summarizing the evaluation results of rural 4GHz/700MHz scenario, the coverage gap is about -0.60~-1.90dB and -3.6~-4.90dB to be studied in CE SI for normal UE and RedCap UE, 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.
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/700MHz scenario,
· -3.60 ~ -4.90dB for RedCap UE in rural 4GHz/700MHz scenario,
· -3.41dB for normal UE in urban 28GHz scenario.
The number of Msg3 repetition should be determined according to the enhancement target. Figure 1 illustrates the BLER performance of Msg3 transmission with different repetition numbers for rural 4GHz scenario. The detailed simulation parameters are summarized in Table 2. 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: _Hlk61736185]In Rel-15/16, the maximum number of PUSCH repetition type A is 16, which could provide about 12dB coverage gain. It is not able to compensate the coverage gap derived from the deployment dependent target for FR2 urban scenario, but is good enough to provide a stable Msg3 transmission for the FR1 normal UE and RedCap UE. Therefore, the repetition numbers used for PUSCH repetition type A should be adopted as the baseline for the Msg3 repetition design, and the down selection of the repetition numbers should be studied further for the efficient indication.
Observation 2: the performance gain is 2.79dB and 5.70dB respectively for Msg3 transmission with 2 repetitions and 4 repetitions.
Proposal 1: The repetition numbers used for PUSCH repetition type A should be adopted as the baseline for the Msg3 repetition design, and the down selection of the repetition numbers should be studied further for the efficient indication.
 
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. 
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Figure 1. BLER performance gain of Msg3 transmission with Type A PUSCH repetition

2.2. UE triggered or NW triggered Msg3 PUSCH repetition
Msg3 PUSCH repetition can be triggered for cell-edge UEs or RedCap UEs for coverage enhancement. The RACH procedure with Msg3 repetition should be designed compatible with Rel-15/16 random access procedure. As discussed in SI, Msg3 repetition can be triggered via UE request or gNB scheduling. 
UE can initiate the random access procedure with Msg3 repetition by sending a Msg1 preamble selected in the preamble subset associated with Msg3 repetition request. If the Msg1 preamble is detected, gNB transmits the corresponding RAR messages scheduling a Msg3 repetition transmission. 
Besides, Msg3 repetition can also be triggered via gNB scheduling without UE request. gNB could schedule UE according to the received UL signal quality, such as PRACH or the transmission of Msg3. For example, if gNB detects PRACH or DMRS of initial MSG3 PUSCH transmission or MSG3 PUSCH retransmission and finds that the signal quality is not good enough, gNB may trigger Msg3 PUSCH repetition in the next step. RAR message or DCI 1_0 scrambled with RA-RNTI or DCI 0_0 scrambled with TC-RNTI could be used to trigger Msg3 repetition. 
For UE triggered PRACH procedure, further PRACH preamble sub-grouping is needed, and a subset of preambles out of 64 preambles in a cell should be associated with Msg3 repetition. Considering there is already subgrouping for different purposes, e.g. 2 step RACH, SI request, BFR, CFRA, further subgrouping may lead to over fragmented preamble resources, and lower PRACH capacity for legacy UEs. For gNB scheduling method without UE request, the same set of preambles can be shared by legacy UEs and Rel-17 UEs, gNB may differentiate two UE types from Msg3 PUSCH DMRS. There is a risk that the legacy UE and Rel-17 UE with Msg3 repetition transmission or several Rel-17 UEs with Msg3 repetition transmission have a collision in the scheduled Msg3 resources. For this case, multiple Msg3 from different UEs may be decoded during the Msg3 repetition transmission, and multiple contention resolution messages are required in Msg4 transmission. The detail discussions are summarized in [5].
Proposal 2: Random access procedure with Msg3 repetition could be triggered via 
· Opt1. UE request referred as UE triggered RACH procedure with Msg3 PUSCH repetition,
· Opt2. gNB scheduling referred as gNB scheduled Msg3 PUSCH repetition without UE request.

2.3. Conditions to trigger Msg3 PUSCH repetition
Rel-15/16 UE selects a proper SSB among the received SSBs in DL initial BWP according to the threshold rsrp-ThresholdSSB. UE selects an SSB with SS-RSRP above the threshold if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available, otherwise UE selects an SSB based on UE implementation. For gNB triggered Msg3 PUSCH repetition, Msg3 transmission with or without repetition is determined according to UL signal power, thus the same SSB selection criterion can be reused as legacy UEs. If UE request RACH procedure is adopted for Msg3 repetition, RACH procedure with Msg3 repetition is triggered by UE itself. To avoid overuse of RACH procedure with Msg3 repetition, certain conditions should be required for UE initiate RACH procedure with Msg3 repetition. 
Similar to the case when preamble group B is configured, some conditions should be met for UE to select preamble in group B to initiate a RACH procedure. For coverage enhancement, following conditions can be considered, such as 
· RSRP/pathloss measured on SSB is lower than certain threshold, or 
· RACH procedure failure after several RACH attempts including no responses for Msg1 or Msg3.
Besides, there are multiple SSBs transmitted in a serving cell, different RSRP could be measured on different SSBs. There would be some SSBs with high RSRP measured at UE, while on some SSBs the RSRP measured is low. In Rel-15/16, SSB with RSRP higher than the configured threshold can be selected to trigger RACH procedure without Msg3 repetition. If Msg3 repetition is introduced, UE should initiate a PRACH procedure without Msg3 repetition when there are SSBs above the threshold. If there is no SSB above the RSRP threshold, or other conditions are met as mentioned above, UE can initiate PRACH procedure with Msg3 repetition.
If at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available,
Select an SSB with SS-RSRP above rsrp-ThresholdSSB for Rel-15/16 4-step RACH,
else,
Select an SSB with a proper SS-RSRP for the RACH procedure with Msg3 repetition.
The above criterion is backward compatible with Rel-15/16 random access procedure, and could be a starting point of Msg3 repetition design if the procedure is triggered by UE request.
Proposal 3: If RACH procedure with Msg3 repetition is triggered by UE request, some conditions should be met to initiate such RACH procedure, and the conditions can be further studied.

2.4. Signalling to trigger Msg3 PUSCH repetition
The corresponding parameters for Msg3 repetition transmission in Msg3 PUSCH scheduling may include the number of repetitions, the redundancy version, the intra-slot/inter-slot frequency hopping indication if supported, and the trigger indication if needed. These parameters may be indicated in system information or predefined, or be indicated by RAR UL grant or DCI 0_0 scrambled by TC-RNTI. If all these parameters are fixed, only 1 bit for trigger indication is needed for RAR UL grant or DCI 0_0 scrambled by TC-RNTI. 
On the other hand, if all the parameters are dynamically indicated according to the channel conditions, several bits would be needed in RAR UL grant or DCI 0_0 scrambled by TC-RNTI. Therefore, the configuration type for these parameters, fixed or dynamic, should be discussed at first before the design of RAR UL grant or DCI 0_0 scrambled for Msg3 repetition configurations.
Proposal 4: Whether parameters, e.g. number of repetitions, frequency hopping, for Msg3 repetition is semi-statically configured or dynamically indicated, should be discussed first.
The indication method for Rel-15/16 PUSCH repetition type A, can be considered as a start point for Msg3 repetition. The repetition number for Msg3 repetition transmission could be associated with time TDRA indication, which is configured by RRC signalling, and thus the field of TRDA indicates symbol allocation in a slot and the repetition number simultaneously. The redundancy version is indicated by DCI scheduling PUSCH repetition, while RV of legacy Msg3 PUSCH is fixed using RV 0. If Msg3 PUSCH repetition is supported, the RV for each repetition can be semi-statically configured or dynamically indicated. For Msg3 repetition transmission, it should be studied which RV is used. The inter-slot frequency hopping is supported in legacy PUSCH repetition. In Rel-16, intra-slot frequency hopping and inter-slot frequency hopping is not enabled at the same time. If the inter-slot repetition is supported in Msg3 repetition transmission, the frequency hopping flag can be interpreted as inter-slot frequency hopping when Msg3 repetition is enabled.
Proposal 5: Following details needed to be discussed for signalling to trigger Msg3 PUSCH repetition, including
· Whether or how to support inter-slot frequency hopping,
· How to determine the RV sequence for each repetition.
As discussed above, the cell-specific parameters of Msg3 repetition could be configured through the system information. For example, a set of candidate values of Msg3 repetition number or one single repetition value could be indicated in system information separately or associated with TRDA configurations. The candidate values could be optimized according to FR1/FR2 band and the coverage requirement of the networks. The actual Msg3 repetition number and/or the trigger information is indicated via RAR UL grant or DCI 1_0 scrambled with RA-RNTI. 
In Rel-15/16, Msg3 PUSCH is scheduled by a RAR UL grant and transmitted once. To ensure backward compatibility with Rel-15/16, the configurations of Msg3 repetition can be indicated to UE together with RAR UL grant. The reserved bits of DCI 1_0 scrambled with RA-RNTI for scheduling RAR or the corresponding RAR can be used to indicate the repetition transmission. Considering Msg3 repetition used for poor coverage use cases, some field in RAR UL grant, such as MCS, TPC and CSI request field, could be compressed for Msg3 repetition configurations, which means a new UL grant format in RAR is introduced. For RACH with Msg3 PUSCH repetition triggered by UE request, the preamble selected for Msg3 repetition is different from that for RACH procedure without Msg3 repetition. In this case, UE can determine the UL grant format from the RAPID in the RAR message. For RACH procedure without UE request, the enhanced UE and legacy UE may use the same preamble. Hence, UE needs to know which type of UL grant format to parse. The reserved bits of DCI 1_0 scrambled with RA-RNTI or the reserved bit in MAC subheader could be used to differentiate RAR UL grant type between the legacy and enhanced Msg3 scheduling.
[bookmark: _Hlk61877350]Proposal 6: For Msg3 initial transmission, the scheduling information for Msg3 repetition should be indicated through RAR UL grant or DCI 1_0 scrambled with RA-RNTI.
· Mechanisms should be defined for UE to determine which RAR UL grant format to parse, if new UL grant format is introduced.
Another possible enhancement is to indicate the repetition number dynamically during Msg3 retransmission. If the previous Msg3 transmission is not good enough to decode, gNB could trigger and configure a Msg3 retransmission with Msg3 repetition via DCI 0_0 scrambled with TC-RNTI dynamically where the reserved bits, such as the NDI field or HARQ process number field, are re-purposed to configure the repetition parameters.
Proposal 7: The Msg3 repetition can be triggered through DCI 0_0 scrambled with TC-RNTI for Msg3 retransmission.
· [bookmark: _Hlk61889494]NDI field or HARQ processing number, which is reserved in DCI 0_0 scrambled with TC-RNTI, can be used to indicate the number of Msg3 PUSCH repetitions.

2.5. Early termination of Msg3 repetition
[bookmark: _GoBack]In Rel-15/16 RACH procedure with single Msg3 transmission, UE attempts to detect PDSCH with UE contention resolution in response to the Msg3 PUSCH transmission. UE is expected to receive the associated DCI 0_0 scrambled with TC-RNTI while the ra-ContentionResolutionTimer is running. The timer ra-ContentionResolutionTimer is started at the first symbol after the end of the Msg3 transmission. For Msg3 repetition transmission, UE may start the timer ra-ContentionResolutionTimer, same as the legacy RACH procedure, when all the duplicates of Msg3 repetition have transmitted. Thus, Msg3 repetition procedure suffers an extra RACH latency. To get a quick contention resolution response, UE may start the contention resolution timer before transmission of Msg3 repetition is completed. It is possible that gNB receives and decodes Msg3 PUSCH successfully and send PDSCH with UE contention resolution before the end of Msg3 repetition. UE could stop Msg3 repetition transmission if an early Contention Resolution is successful. Following the procedure described above, the early termination of Msg3 repetition could save the PUSCH resources by avoiding the unnecessary Msg3 repetition transmission.
 
Figure 2. Two candidate mechanism for Contention Resolution
Proposal 8: Early termination of Msg3 repetition should be considered in CE WI.

3. Conclusion
In this contribution, we discuss the potential solutions for MSG3 PUSCH coverage enhancement, and have 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/700MHz scenario,
· -3.60 ~ -4.90dB for RedCap UE in rural 4GHz/700MHz 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.
Proposal 1: The repetition numbers used for PUSCH repetition type A should be adopted as the baseline for the Msg3 repetition design, and the down selection of the repetition numbers should be studied further for the efficient indication.
Proposal 2: Random access procedure with Msg3 repetition could be triggered via 
· Opt1. UE request referred as UE triggered RACH procedure with Msg3 PUSCH repetition,
· Opt2. gNB scheduling referred as gNB scheduled Msg3 PUSCH repetition without UE request.
Proposal 3: If RACH procedure with Msg3 repetition is triggered by UE request, some conditions should be met to initiate such RACH procedure, and the conditions can be further studied.
Proposal 4: Whether parameters, e.g. number of repetitions, frequency hopping, for Msg3 repetition is semi-statically configured or dynamically indicated, should be discussed first.
Proposal 5: Following details needed to be discussed for signalling to trigger Msg3 PUSCH repetition, including
· Whether or how to support inter-slot frequency hopping,
· How to determine the RV sequence for each repetition.
Proposal 6: For Msg3 initial transmission, the scheduling information for Msg3 repetition should be indicated through RAR UL grant or DCI 1_0 scrambled with RA-RNTI.
· Mechanisms should be defined for UE to determine which RAR UL grant format to parse, if new UL grant format is introduced.
Proposal 7: The Msg3 repetition can be triggered through DCI 0_0 scrambled with TC-RNTI for Msg3 retransmission.
· NDI field or HARQ processing number, which is reserved in DCI 0_0 scrambled with TC-RNTI, can be used to indicate the number of Msg3 PUSCH repetitions.
Proposal 8: Early termination of Msg3 repetition should be considered in CE WI.
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Annex
[bookmark: _Ref40286529]Table 2. 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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