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1. Introduction
At RAN1#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 has been made [2]. Also, LS was sent from RAN2, asking the following question related to Msg3 repetition request [3].

	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.
LS form RAN2
To RAN1 ACTION: 	
RAN2 respectfully asks RAN1 to answer the following questions.
· Question 3:	For Msg1 transmission used to request Msg3 repetition, does RAN1 see any issue and benefit of optionally configuring a separate set of RACH parameters?



In LS from RAN2 [3], the examples of a separate set of RACH parameters are enumerated as preambleReceivedTargetPower, powerRampingStep, preambleTransMax. 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 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 or 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 incremated 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.

Proposal 2: Reply LS to RAN2, stating that it is effective to configure RACH parameter preambleTransMax separately with and without Msg3 repetition request.
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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#106-e meeting Msg3 repetition factor indication for initial transmission was discussed, and the following working assumption has been made [4].
	Working Assumption
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.
·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
·  FFS details.  

Agreement 
· Support at least repetition factor K = {2, 4} for Msg3 PUSCH repetition. 
·  FFS whether to support other values, e.g., 8. 
· Note: K=1 is supported and how to support K=1 is FFS.  


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. In our view, there are three important aspects for Msg3 repetition factor information field: SIB1 overhead, TDRA flexibility, and the available number of candidate repetition factors. 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 other information field. On the other hand, MCS and TPC can avoid SIB1 overhead by pre-mapping information field values to repetition factors. Because of low SIB1 overhead and TDRA flexibility, MCS and TPC fields are preferred as the field indicating repetition factors. However, the number of candidate repetition factors is restricted due to the limited bit size, when MCS and TPC are repurposed for indicating repetition factors. Especially, TPC command suffers from it because TPC information field in RAR consists of only three bits. Although, it was agreed to support only repetition factor 2 and 4 at this juncture, additional repetition factor might be introduced for Msg3 repetition. From this point of view, our first preference is MCS for indicating Msg3 repetition factor.

Proposal 3: MCS can be repurposed for indicating Msg3 repetition factors. 

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

	Field 
	SIB1 overhead
	TDRA flexibility
	Candidate values

	TDRA
	Large
	Low (up to 32 rows)
	Large

	MCS
	Small
	High
	Medium

	TPC
	Small
	High
	Small



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]. Since Option2 can omit the repetition factor equal to 1 in the repurposed information field, Option2 can accommodate a larger number of candidate repetition factors, when MCS and TPC are selected. However, it requires another indication mechanism and sufficient candidate repetition factors might be covered even in Option 1. For these reasons, it is better to discuss whether to support gNB indication about how to interpret after reaching the agreement about candidate repetition factors and information field indicating repetition factors.

Proposal 4: Determine whether to support gNB indication about how to interpret after reaching the agreement about candidate repetition factors and information field indicating repetition factors. 

· Intra-slot frequency hopping in type A PUSCH repetitions for Msg3
Fig. 2 and Fig.3 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 [5]. 


Figure 2. Link level simulation results of Type A PUSCH repetitions for Msg3 in FR1 urban scenario, where repetition is disabled.



Figure 3. 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.2 and Fig.3, 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. 

· 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, 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.

Proposal 5: 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: Reply LS to RAN2, stating that it is effective to configure RACH parameter preambleTransMax separately with and without Msg3 repetition request.

Proposal 3: MCS can be repurposed for indicating Msg3 repetition factors. 

Proposal 4: Determine whether to support gNB indication about how to interpret after reaching the agreement about candidate repetition factors and information field indicating repetition factors. 

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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Table 2: 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	-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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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
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