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1. Introduction
At RAN#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. In this contribution, we discuss Type A PUSCH repetitions for Msg3 in coverage enhancements.

2. Discussion on Type A PUSCH repetitions for Msg3
· Conditions to request Msg3 repetitions
At RAN1#105-e meeting Msg3 repetition request was discussed, and the following agreement was made [2]. 

	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.



In our view, preambleTransMax should be configured for UE transmitting RA preamble with and without requesting Msg3 repetitions separately. The only RSRP of downlink pathloss reference has been agreed to use as a condition for Msg3 repetition request so far. However, since the channel quality of uplink and downlink could be different particularly in FDD deployments, it is difficult to estimate the uplink channel quality based on only RSRP of the downlink pathloss reference. One of reasons is that the channel quality gap between uplink and downlink is not constant within a cell, as the interference from other cells in uplink transmission depends on UE location. One solution to this problem is to configure the separate maximum number of RA transmissions for UE transmitting Msg3 with/without repetitions. For example, separate maximum numbers of RA preamble transmissions, preambleTransMax, with Msg3 repetitions and without Msg3 repetitions are configured. Fig. 1 shows the example to configure separate maximum RA preamble transmissions, where existing preambleTransMax is used as threshold of the maximum number of total RA preamble transmissions and preambleTransMaxwithoutMsg3repetition is the new threshold of the maximum number of RA preamble transmissions without Msg3 requests for UE supporting Msg3 repetitions. When the PREAMBLE_TRANSMISSION_COUNTER is incremented up to preambleTransMaxwithoutMsg3repetition, enhanced UE transmits RA preamble requesting Msg3 repetitions regardless of RSRP of downlink pathloss reference.
Another approach is to configure the maximum number of Msg3 transmissions without repetition. When enhanced UE fails Msg3 transmissions without repetitions certain times, UE triggers Msg1 with requesting Msg3 repetitions.
To save UE failing Msg3 transmission without enabling Msg3 repetitions, supporting the separate threshold of the number of Msg1 or Msg3 attempts is beneficial for UE to decide whether to request Msg3 repetitions.

Proposal 1: Introduce separate thresholds of the maximum number of RA preamble transmissions with and without requesting Msg3 repetitions, or maximum number of Msg3 transmissions without repetition.
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Figure 1. Example of different thresholds of the maximum number of RA preamble transmissions for UE transmitting Msg1 with and without Msg3 repetitions. 


· Msg3 repetition factor indication
At RAN1#106bis-e meeting, Msg3 repetition factor indication for initial transmission was discussed, and the following agreement and working assumption were made [3].
	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.

Agreement 
[bookmark: _Hlk83837290]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.



RAN1 has discussed which information field should be used for Msg3 repetition factor indication. In our view, there are three aspects for Msg3 repetition factor information field: SIB1 overhead, TDRA flexibility, and MCS flexibility. These perspectives of each field are summarized in Table 1. While TDRA as the field indicating repetition factors can reuse Rel-16 TDRA framework to indicate dynamic repetition factors, it costs SIB1 overhead and relatively reduces TDRA flexibility compared to the case using MCS information field. On the other hand, MCS field-based indication can avoid large SIB1 overhead compared to TDRA. Also, low MCS indexes are sufficient to support for UE in cell edge. From these points of view, our first preference is MCS field for indicating Msg3 repetition factor.

Proposal 2: MCS information field can be repurposed for indicating Msg3 repetition factors, when UE requesting Msg3 repetition interprets MCS information field of UL grant in RAR. 

Table 1: Comparison of potential information fields for Msg3 repetition factors.

	Field 
	SIB1 overhead
	TDRA flexibility
	MCS flexibility

	TDRA
	Relatively large
	Low
	High

	MCS
	Relatively small
	High
	Low



At RAN1#106-e meeting, how UE should interpret the information field indicating the number of repetitions was categorized into implicit indication (Option1) and gNB explicit indication (Option2) [4]. In our view, no additional signalling mechanism is necessary to be introduced for determining how to interpret the information field. When UE requests Msg3 repetitions, UE applies a new interpretation. To make gNB being able to decide whether to schedule Msg3 repetitions with this approach, repetition factor 1 should be added into candidate values in a SIB1 configured set. 

Proposal 3: UE applies a new interpretation when UE requests Msg3 repetition. The repetition factor 1 should be added into candidate values in a SIB1 configured set so that gNB can decide whether to schedule Msg3 repetitions.

· Msg3 repetition factor indication
At RAN1#105-e meeting, Msg3 repetition factor indication for re-transmission was discussed, and the following agreement was made [2].

	Agreement: 
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.  



If Msg3 repetition factor indication via MCS field is supported for initial transmission, the same mechanism can be supported for re-transmission. For the simplicity, we prefer using the same number of MCS bits for the repetition factor indication and reusing the same set of SIB1-configured candidate repetition factors as the initial transmission.

Proposal 4: For repetitions of Msg3 re-transmission, reuse the same repetition indication mechanism as Msg3 initial transmission. 

· Collision handling rules
At RAN1#106bis-e meeting, collision handling rules for Msg3 repetitions were discussed, and the following agreement was made [3].
	Agreementis
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)



In Rel-15/16, Msg3 PUSCH transmission occasions overlapped with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated are dropped according to collision handling rules. However, gNB has no way to know when tdd-UL-DL-ConfigurationDedicated is used for collision handling in CBRA, since gNB cannot detect if UE is in RRC connected or not before receiving Msg3. One of solutions toward these ambiguities is not to schedule Msg3 on the symbols which are flexible symbols in tdd-UL-DL-ConfigurationCommon and downlink symbols in tdd-UL-DL-ConfigurationDedicated. Albeit this smart scheduling is not hard for Msg3 in Rel-15/16, scheduling type A PUSCH repetitions for Msg3 with this constriction is quite fettered. Hence, in order to clear this ambiguity, we prefer modifying collision handling rules for Msg3 repetitions by not referring tdd-UL-DL-ConfigurationDedicated in collision handling rules.

Proposal 5: tdd-UL-DL-ConfigurationDedicated should not be considered for Msg3 PUSCH collision handling when Msg3 repetition is indicated. 

· 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 [5]. Although Msg3 repetitions can enhance coverage performance, 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.

Proposal 6: Support joint channel estimation over Msg3 repetition. 

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

Proposal 1: Introduce separate thresholds of the maximum number of RA preamble transmissions with and without requesting Msg3 repetitions, or maximum number of Msg3 transmissions without repetition.

Proposal 2: MCS information field can be repurposed for indicating Msg3 repetition factors, when UE requesting Msg3 repetition interprets MCS information field of UL grant in RAR. 

Proposal 3: UE applies a new interpretation when UE requests Msg3 repetition. The repetition factor 1 should be added into candidate values in a SIB1 configured set so that gNB can decide whether to schedule Msg3 repetitions.

Proposal 4: For repetitions of Msg3 re-transmission, reuse the same repetition indication mechanism as Msg3 initial transmission. 

Proposal 5: tdd-UL-DL-ConfigurationDedicated should not be considered for Msg3 PUSCH collision handling when Msg3 repetition is indicated. 

Proposal 6: Support joint channel estimation over Msg3 repetition. 
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