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1. Introduction
At the RAN1#105-e and RAN1#104bis-e meeting, the following agreements, working assumptions and conclusions were made regarding type A PUSCH repetitions for Msg3 on “NR coverage enhancements” [1][2].

	Agreements:
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. 
Agreements:
· 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.
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. 
Agreements:
For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option1: 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.
Conclusion:
Companies are encouraged to perform additional evaluations regarding intra-slot frequency hopping for Msg 3 with repetition. Aim to conclude whether or not to support this feature in RAN1#106-e (note: if supported, the intention is to not configure intra- and inter-slot frequency hopping simultaneously)




In this contribution, we discuss on the type A PUSCH repetitions for Msg3 for coverage enhancements.

2. Discussion on type A PUSCH repetitions for Msg3
· Msg3 repetition request by UE
At RAN1#105-e, it was agreed that UE requests Msg3 repetition when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. There are two approaches to decide this RSRP threshold, introduce a new SIB1 configured parameters or use an existing RSRP threshold, such as rsrp-ThresholdSSB. If one of the SSBs with RSRP above rsrp-ThresholdSSB is available, UE could succeed initial access without Msg3 repetitions as legacy UE. In addition, Msg3 repetition request based on rsrp-ThresholdSSB is preferred, considering the overhead of SIB1.

Proposal 1: Use an existing SIB1 configured RSRP threshold as conditions of Msg3 repetition request, to avoid increasing overhead in SIB1.

However, UE supporting Msg3 repetitions needs RSRP threshold for PRACH trigger decision different from legacy UE, since that UE enhances the coverage of Msg3, which is bottleneck channel in initial access. From the operator’s point of view, the RSRP threshold for PRACH trigger decision should be specific to cell, as transmitted power of SSB and expected coverage area of each cell are different. Hence, a gNB should be able to inform RSRP threshold for requesting Msg3 repetitions at its cell before RACH access, such as SIB1 or other SI. Other SI are divided into two types, periodically broadcasted SI and on-demand SI. As UE cannot request on-demand SI without Msg3 transmission or RRC connection, UE trying to request Msg3 repetitions needs to receive the periodically broadcasted other SI before RACH access. This causes additional delay, because UE at least must wait triggering RACH access until the corresponding SI window to receive periodically broadcasted other SI. Also, reserving resources for periodically broadcasted other SI reduces the available resources for other channels. Therefore, it is preferred that SIB1 contains the information about Msg3 repetition. 

Proposal 2: RSRP threshold of PRACH trigger decision for UE supporting Msg3 repetitions should be informed by a gNB before RACH access through SIB1.

On top of RSRP, the number of Msg3 attempts without repetitions could be one condition to request Msg3 repetitions. Since the channel quality of uplink and downlink could be different especially in FDD deployments, the decision of Msg3 repetition requests based on SSBs might be inappropriate. For example, UE might decide that Msg3 repetitions are not necessary based on reception of SSBs, even when the uplink channel quality is not as good as downlink channel. In that case, UE might fail Msg3 initial transmission and re-transmission without enabling Msg3 repetitions. To save these UE, supporting the threshold of the number of Msg3 attempts is beneficial for UE to decide whether to request Msg3 repetitions. 

Proposal 3: Threshold of the number of Msg3 attempts should be supported as a condition to request Msg3 repetitions.

Separate PRACH preambles are supported to differentiate whether UE requests Msg3 repetitions. In the same way, separate RO can be used to differentiate whether UE requests Msg3 repetitions too. If supported, the RACH resource configuration can be more flexible. However, supporting separate RO to discern Msg3 repetition requests requires overhead in SIB1. Also, PRACH resources need to be increased only for UE requesting Msg3 repetitions, which might reduce the available resources for other channels. Hence, the decision to support this feature should be handled carefully.


· Indication of the number of repetitions for Msg3 transmission
At the RAN1#105bis-e meeting, it was agreed that the number indication of Msg3 repetitions would be down-selected among TDRA, MCS, TPC, CSI request or FDRA information field for Msg3 initial transmission. One potential approach of using TDRA information field is to configure repetition factors in TDRA table, which increases overhead of SIB1. On the other hand, other information fields in UL grant might not have sufficient bit field width indicating the number of Msg3 repetitions, especially when a lot of candidate values for the number of Msg3 repetition are supported. Since this discussion largely depends on the number of candidate values for Msg3 repetitions, it should be handled after having an agreement on the number of candidate values of Msg3 repetitions. 

Proposal 4: Make an agreement on the number of candidate values of Msg3 repetitions, before down-select the information field indicating the number of repetitions.

Also, the information field indicating the number of Msg3 re-transmission should be determined based on agreements for Msg3 initial transmissions, considering the difference of the bit field widths between RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI.


· Joint channel estimation between inter-slot repetitions in Msg3 transmissions
In the study item of coverage enhancement discussion, it was concluded that in NLOS Urban scenarios at 28GHz, relative differential MIL between Msg3 and reference channel, PUCCH Format 1, is 3.41 dB according to TR 38.830 [3]. Although Msg3 repetitions can enhance coverage performance, a large number of repetitions with occupying a lot of resources in time domain may be necessary for the Msg3 improvement. Joint channel estimation between inter-slot repetitions in Msg3 transmissions can help to improve the coverage performance in Msg3 repetitions, as well as that for PUSCH repetitions. This might require the differentiation between UEs supporting or non-supporting the joint channel estimation on top of supporting repetitions. If so, a UE can indicate to support of joint channel estimation in the same way as Msg3 repetitions.

Proposal 5: Support joint channel estimation over Msg3 repetition. 

· Intra-slot frequency hopping in type A PUSCH repetitions for Msg3
Fig. 1 and Fig.2 show the simulation results capturing the gain of frequency hopping mode, where repetition is disabled and enabled, respectively. The simulation assumption is based on TR 38.830. 


Figure 1. Link level simulation results of Type A PUSCH repetitions for Msg3 in FR1 urban scenario, where repetition is disabled.



Figure 2. Link level simulation results of Type A PUSCH repetitions for Msg3 in FR1 urban scenario, where the number of repetitions is 4 for all plots.

As can be seen in Fig.1 and Fig.2, intra-slot frequency hopping does not provide the gain in terms of coverage enhancements under the simulation assumption in TR 38.830. 
On the other hand, as intra-slot frequency hopping is supported in non-repetition Msg3 transmissions and PUSCH transmissions after RRC connection, the intra-slot frequency hopping of Msg3 repetition provides the benefit in multiplexing with other resources to which intra-slot frequency hopping is applied, when the same PRBs are used. Likewise, the flexibility of scheduling is the biggest motivation to support intra-slot frequency hopping. Hence, if the intra-slot frequency hopping is supported, the indication of frequency hopping mode for Msg3 repetition should be dynamic, such as indication via RAR UL grant to achieve high flexibility. However, at the exchange of the flexibility in scheduling, it requires a mechanism to indicate frequency hopping mode before Msg3 transmissions. Also, it is worth noting the multiplexing does not need to be taken into consideration, unless the same PRBs are shared between transmissions with and without intra-slot frequency hopping. For example, if some PRBs are reserved for UL transmission without intra-slot frequency hopping, this multiplexing issue does not exist within those PRBs. 

Based on these pros and cons, whether to support intra-slot frequency hopping over Msg3 repetition should be determined.

Observation 1: Intra-slot frequency hopping does not provide the gain in terms of coverage performance under the simulation assumptions made in coverage enhancements. 

3. Conclusion
In this contribution, we discussed on Type A PUSCH repetitions for Msg3 for coverage enhancements. Based on the discussion we made following proposals.

Proposal 1: Use an existing SIB1 configured RSRP threshold as conditions of Msg3 repetition request, to avoid increasing overhead in SIB1.

Proposal 2: RSRP threshold of PRACH trigger decision for UE supporting Msg3 repetitions should be informed by a gNB before RACH access through SIB1.

Proposal 3: Threshold of the number of Msg3 attempts should be supported as a condition to request Msg3 repetitions.

Proposal 4: Make an agreement on the number of candidate values of Msg3 repetitions, before down-select the information field indicating the number of repetitions.

Proposal 5: Support joint channel estimation over Msg3 repetition. 

Observation 1: Intra-slot frequency hopping does not provide the gain in terms of coverage performance under the simulation assumptions made in coverage enhancements. 
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Appendix
Table 1: Evaluation assumptions.
	Parameters
	Value

	Carrier Frequency [GHz]
	4 GHz

	Subcarrier Spacing [kHz]
	30 kHz

	Waveform
	DFT-s-OFDM

	Channel model
	TDL-C (NLoS)

	Delay spread
	300ns

	UE speed
	3km/h

	CP Type
	Normal CP

	Antennas
	1T2R 

	Number of PRB
	2

	MCS index
	0



Disabled FH 	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	0.97872000000000003	0.93149999999999999	0.84011999999999998	0.69791999999999998	0.52790000000000004	0.36858000000000002	0.23168	0.13203999999999999	7.2499999999999995E-2	3.5060000000000001E-2	1.5820000000000001E-2	Intra-slot FH	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	0.99761999999999995	0.98685999999999996	0.94757999999999998	0.85543999999999998	0.70318000000000003	0.50971999999999995	0.31759999999999999	0.16864000000000001	7.9680000000000001E-2	3.2759999999999997E-2	1.0460000000000001E-2	SNR


BLER




Disabled FH	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	0.96392	0.90136000000000005	0.78976000000000002	0.62351999999999996	0.44807999999999998	0.29527999999999999	0.17576	9.4479999999999995E-2	5.1200000000000002E-2	2.4240000000000001E-2	1.056E-2	Inter-slot FH	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	0.97840000000000005	0.9244	0.81399999999999995	0.626	0.41839999999999999	0.23688000000000001	0.11456	4.7759999999999997E-2	1.576E-2	4.0000000000000001E-3	1.0399999999999999E-3	Intra-slot FH	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	0.99656	0.9788	0.92335999999999996	0.79832000000000003	0.60360000000000003	0.39351999999999998	0.2208	0.10048	4.1599999999999998E-2	1.44E-2	3.5999999999999999E-3	SNR
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