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Introduction
In this contribution, we consider the support of Type A Msg3 repetitions agreed in [1] in the following aspects:
· UE capability of Msg3 PUSCH repetition,
· Mechanism of Msg3 PUSCH repetition initial transmission and retransmission,
· Msg3 PUSCH repetition with frequency hopping.
Discussion
On support of Msg3 PUSCH repetition
In RAN1 #104e meeting, following agreements have been made regarding the signaling of Msg3 PUSCH repetition.
	Agreements:
For Msg3 PUSCH repetition, the following options are considered, aiming for down-selection in RAN1#104b-e:
·  Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE indicates to support of Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE supporting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· FFS details if any.
· Option 1-2: For gNB scheduled Msg3 PUSCH repetition without UE request,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· For UE does not support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH without repetition
· For UE does support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH with repetition as indicated by gNB and UE uses, e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Note: e.g., this can be for differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition or between RACH procedure with Msg3 PUSCH repetition and Msg3 PUSCH without repetition, etc.
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition.
· FFS details if any.
· Option 2-1: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is triggered by UE, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.
· FFS details if any.
· Option 2-2: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· If Msg3 PUSCH repetition is scheduled, UE transmits Msg3 PUSCH with or without repetition. If UE transmits Msg3 PUSCH repetition, the number of repetition follows the indication of gNB and UE uses e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS details if any.
· Other options are not precluded. 



In our understanding, in both option 1-1 or option 2-1, different PRACH resources are used to differentiate UEs supporting Msg3 repetition and UEs not supporting Msg3 repetition. However, in option 1-1, the Msg3 repetition is triggered by gNB, while in option 2-1, the Msg3 repetition is triggered by UE and gNB will determine the number of repetitions.
In both option 1-2 and option 2-2, before Msg3 reception, gNB is not aware of whether the UE (from which a preamble is detected by gNB) supports Msg3 repetition or not, i.e. Msg3 repetition capability is not indicated in PRACH transmission, and UE may transmit Msg3 with one of 2 sets of configurations corresponding to whether a Msg3 repetition is actually transmitted or not. However, in option 1-2, gNB will determine whether a Msg3 repetition is triggered while in option 2-2 UE will determine whether a Msg3 repetition is triggered or not.
Regarding using PRACH resources to determine the Msg3 repetition capability mentioned in option 1-1 and 2-1, it makes it possible for gNB to be aware of whether a Msg3 repetition should be scheduled or not before scheduling Msg3, which avoids scheduling unnecessary additional PUSCH resources for repetitions for a UE not able to do Msg3 repetition and this also avoids increasing Msg3 receiver complexity.
One concern is that this RACH based method to differentiate UE capability may cause very limited number of random access resources that can be used by UEs not supporting Msg3 repetition, which is not desired especially when the load is high in some deployment. To solve this issue, network should be able to configure separate PRACH occasions for UEs supporting Msg3 repetition and the configurations should be flexible enough so that network can balance the resources for UEs supporting Msg3 repetition and resources for UEs not supporting Msg3 repetition according to the system load and the load of different types of UEs.
In option 1-2 and 2-2, different Msg3 resources e.g. DMRS resources need to be used to determine whether Msg3 repetition is actually used or not, and gNB is required to do blind detection of DMRS. These options make it possible to let the UE determine whether to do a Msg3 repetition without affecting the random access capacity for UEs not supporting Msg3 repetition. However, in this case, it could happen that gNB schedules additional resources for UEs not supporting Msg3 repetition and thereby these additional resources are wasted.
On the other hand, since gNB will anyway be expected to schedule a Msg3 repetition via some signaling, it’s not necessary to let UE determine whether a Msg3 repetition is used or not no matter whether a RACH based differentiation is used or not.
According to above, option 1-1 is preferred to be used to determine Msg3 repetition capability.

Proposal:
· Option 1-1 is used to determine whether a Msg3 repetition is supported or not.
Mechanism to support Msg3 PUSCH repetition
Regarding the mechanism of supporting Msg3 PUSCH repetition, following agreements have been made in RAN1 #104e meeting:
	Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.
· Option1: UL grant scheduling Msg3.
· FFS details.
· FFS fallbackRAR UL grant. 
· Note: Optimization specific for fallbackRAR UL grant in 2-step RACH is not considered in Rel-17 CovEnh WI, if supported.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI
· FFS details. 
· Option3: SIB1 only
· Any modifications of RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR or DCI format 1_0 with CRC scrambled by RA-RNTI respectively

Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.
Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
FFS details.
Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.
Option2: Can be determined based on the repetition number for Msg3 initial transmission


In Rel-16, the number of repetitions for a dedicated PUSCH can be configured in the time domain allocation list or semi-statically configured by RRC according to section 6.1.2.1 of 38.214 V16.4.0.
	For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
· if numberOfRepetitions-r16 is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions-r16;
· elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
· 	otherwise K=1.


To support dynamic repetition of Msg3, a repetition indication (i.e. whether repetition is on or off) and the number of repetitions for Msg3 can be indicated in the SIB1 configured time domain allocation list, and/or in the RAR for initial transmission and/or in DCI for retransmission respectively. 
When the repetition is indicated in RAR or DCI, some of the reserved bits or some used bits in RAR or DCI should be used together to indicate the repetition so that the size of RAR and DCI are not extended since a gNB may enable Msg3 repetition but doesn’t know whether the UE supports Msg3 repetition. Also, if the RAR or DCI payload size is different from Rel-16, Rel-16 UEs will not be able to interpret the RAR or DCI, so such a change is not backward compatible.
To minimize changes to DCI (for msg3 retransmission) or RAR (for msg3 initial transmission), it is preferred to signal the repetition factor in the TDRA list following the same way as used for PUSCH repetition in NR Rel-16. Whether a Msg3 repetition is on or off (i.e. whether the SIB1 configured TDRA table with repetition factor included is used or the legacy TDRA table is used) can be signalled in DCI or RAR.
Proposal:
· Msg3 repetition factor is signaled in the TDRA table and the repetition flag can be signaled in DCI or RAR.
Msg3 PUSCH repetition with frequency hopping
Inter-slot frequency hopping has been agreed to be supported when Msg3 is repeated in RAN1 #104e meeting.
	Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.



Up to NR Rel-16, Msg3 can support intra-slot frequency hopping. However, a drawback of intra-slot FH is that it reduces the amount of filtering (averaging) of the channel estimate in time that can be performed (since such filtering is normally not possible when different frequency-domain resources are used). The reduced filtering has a negative impact on performance.
A better option may therefore be to use a single frequency within a slot and instead make the frequency hops in between slots. Note that if each repetition occupies only a single slot, this means frequency hopping between repetitions. However, if one repetition spans multiple slots, the frequency hopping may be inter-slot but still within a repetition.
At low speed, inter-slot FH should give similar gain as intra-slot FH, at least as long as the total number of different frequencies is the same. However, and advantage of inter-slot FH is that it could yield better channel estimation performance thanks to allowing channel filtering (averaging) in time domain over a larger duration (a whole slot instead just part of a slot). 
Furthermore, if multiple repetitions are on the same frequency, the slots using the same frequency could be arranged consecutively in order to maximize the potential gains from cross-slot time-domain channel filtering.
The issue that has been discussed in RAN1 #104e meeting is whether we should support both intra-slot and inter-slot frequency hopping when repetition is enabled for Msg3.
A comparison between inter-slot and intra-slot FH is shown in Figure 1, in a TDD setting with 4 repetitions, FH over 2 frequencies, and no cross-slot channel filtering. Detailed assumptions are provided in Table 1 in Appendix 1. As can be seen, there is a gain of around 1 dB gain from repetition with inter-slot FH compared to repetition with intra-slot FH. Note that we used 4 DMRS symbols for intra-slot hopping, while only the customary 3 DMRS symbols were used for inter-slot hopping. If only 3 DMRS symbols are used also for intra-slot FH (1 DMRS in first hop, 2 DMRS in second, according to table 6.4.1.1.3-6 of 38.211), then intra-slot FH performs even worse because of substantially worse channel estimation in the hop with only 1 DMRS. In [2], when joint channel estimation is enabled, inter-slot FH was also found to perform better than intra-slot FH in the investigated scenario.
[image: ] 
[bookmark: _Ref61552514]Figure 1. Msg3 repetition with inter-slot FH or intra-slot FH.
Observation:
· Inter-slot frequency hopping allows channel filtering (averaging) in time domain over a larger duration compared to intra-slot frequency hopping.
· Initial link level results show 1 dB gain from inter-slot hopping over two frequencies compared to repetition with intra-slot FH.
According to above observations, we do not see the need to support intra-slot FH when Msg3 is repeated. On the other hand, when only one FH type is supported in case Msg3 is repeated, the signaling overhead to for indication of FH and repetition will be reduced, which is essential to make backward-compatible DCI/RAR updates.
So, we have following proposal.
Proposal:
· Intra-slot FH is not supported when Msg3 is repeated.
Summary
In this contribution, we consider the support of Type A Msg3 repetitions in following aspects:
· UE capability of Msg3 PUSCH repetition,
· Mechanism of Msg3 PUSCH repetition initial transmission and retransmission,
· Msg3 PUSCH repetition with frequency hopping.
We have following observations and proposals based on the discussions.
Observations:
· Inter-slot frequency hopping allows channel filtering (averaging) in time domain over a larger duration compared to intra-slot frequency hopping.
· Initial link level results show 1 dB gain from inter-slot hopping over two frequencies compared to repetition with intra-slot FH.
Proposals:
· Option 1-1 is used to determine whether a Msg3 repetition is supported or not.
· Msg3 repetition factor is signaled in the TDRA table and the repetition flag can be signaled in DCI or RAR.
· Intra-slot FH is not supported when Msg3 is repeated.
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Table 1: Basic setup of LLS for Msg3 PUSCH repetition and frequency hopping
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD: DDDSU
· Inter-slot FH is over 2 frequencies in 100 MHz BWP (273 PRBs)
· 2 PRB allocation
· 16 repetitions of repetition Type A (i.e. 4 actual repetitions)
· 3 DMRS symbs. per slot for inter-slot FH, 4 DMRS symbs. per slot for intra-slot FH according to Table 6.4.1.1.3-6 in 38.211 V16.4.0

	Channel
	· TDL-C, delay spread 30 ns, 3 km/h

	Antennas
	· 1T4R

	Receiver
	· Practical channel estimation, no cross slot channel estimation

	Payload
	· 7 bytes, 2 PRBs (MCS 0), DFT-spread OFDM
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