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[bookmark: _Ref497831218]Introduction
In RAN#90 e-meeting, the new WID on coverage enhancement was approved. It is well-understood that the coverage of Msg3 is a bottleneck channel in NR which needs to be enhanced. Accordingly, the following objective for Msg3 PUSCH enhancement is included in the WID. [1]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
In this contribution, we provide our views on how to support Type A PUSCH repetitions for Msg3.
Discussion
Early identification of coverage enhancement UE
Currently, the RACH configuration, e.g. the time-frequency resources for RACH transmission, the preamble group, the association between SSB and RO, etc., is carried by SIB1 which is common in a serving cell.  As shown in Figure 1, gNB has no idea with whether the UE is a legacy UE or a coverage enhancement UE. 


Figure1: Illustration on overall CBRA procedure
Considering Msg3 PUSCH is transmitted with different manners for legacy UE and coverage enhancement UE, there would be some issues if the gNB cannot identify the UE capability which is described in Figure 2:
· If the repetition number of Msg3 PUSCH transmission needs to be indicated, gNB cannot indicate the repeated transmission as it has no way to determine which UE’s Msg3 PUSCH should be transmitted with repetition. Subsequently, the coverage of Msg3 PUSCH associated with a coverage enhancement UE may has no chance to be enhanced.
· At gNB side, it has to try to receive the Msg3 PUSCH with two assumptions, i.e. with and without repetition. Considering there are plenty of legacy UEs don’t support Msg3 PUSCH repetition, blindly detecting Msg3 PUSCH on every occasion certainly increases the complexity.
· At gNB side, it has to always assume the Msg3 PUSCH is transmitted with a repetition manner when scheduling a normal PUSCH so as to protect the Msg3 PUSCH transmission. Consequently, more restrictions are introduced for scheduling.


Figure 2: Ambiguity on Msg3 transmission and reception due to ambiguity on UE category
In order to make sure Msg3 PUSCH repetition Type A can be enabled for a coverage enhancement UE if necessary, it is critical that the gNB identifies which UEs are CE-capable before it enables Msg3 PUSCH repetition.  Based on the identification, gNB can indicate a CE-capable UE to transmit Msg3 PUSCH with repetition.  On the other hand, the early identification of coverage enhancement UE can avoid blind detection and hence reduce the complexity at gNB side. Therefore, it is important to guarantee that gNB and UE have the same understanding on the Msg3 PUSCH transmission. 
Proposal 1: The early identification of coverage enhancement UE should be studied in order to facilitate the operation of Msg3 PUSCH repetition. 
As shown in Figure 1, RACH procedure is fundamental for a UE accessing to or staying in a cell.  Both legacy UE and coverage enhancement UE initiate RACH based on the RACH-related information obtained from SIB1. Therefore, the early identification mechanism should be backward compatible.  Furthermore, the impact on the current system introduced by early identification should be as less as possible. One example is that gNB should make sure a scheduled or configured PUSCH doesn’t collide with the RACH resources, so that the performance of Msg1 transmission is guaranteed. In theory, the more RACH configurations in the cell, the more restrictions on uplink transmission. Therefore, introducing multiple RACH configurations for the purpose of coverage enhancement UE early identification is not preferred.  
Observation: The early identification mechanism should be backward compatible and has trivial impacts on scheduling.

Repetition indication for initial Msg3 PUSCH transmission and Msg3 PUSCH re-transmission
After gNB identifies a coverage enhancement UE, the CE UE could obtain the repetition number of Msg3 PUSCH transmission via explicit or implicit indication. The implicit indication can be included in the UL grant which schedules the Msg3 PUSCH, e.g. the spare bit in the current UL grant carried by RAR or new bit fields. On the other hand, UE can determine the repetition number of Msg3 PUSCH transmission via the configuration or information contained in the received RAR. There are some pros and cons for either way, which are summarized in Table 1 and need to be further studied.
Table 1: Summary on the potential solutions for Msg3 PUSCH repetition indication
	Indicating schemes
	Potential solutions
	Notes

	Explicit indication
	Reuse the spare bit in UL Grant carried by RAR
	Pros: It is backward compatible.  
Cons#1: It consumes the spare bit and impact the potential forward extension for RAR.

	
	Introduce additional bit field in the UL grant carried by RAR
	Pros: It is straightforward.
Cons: There is NBC issue as one RAR carries responses for multiple UEs.

	Implicit indication
	Determine the repetition number via configuration, e.g.  RACH configuration, preamble index, etc.
	Pros: It is backward compatible 
Cons#1: The flexibility and capacity of RACH are restricted if preamble is used for the purpose of indicating repetition number.
Cons#2: More RACH configuration is needed if RACH configuration index is used for the purpose of indicating repetition number.

	
	Information carried by RAR, e.g. the TA value or the MCS index, etc.
	Pros: It is backward compatible and has no impacts on the configuration.
Cons: The information carried by RAR may not be linear to the coverage enhancement.



Proposal 2: Both explicit indication and implicit indication informing the repetition number of Msg3 PUSCH can be further studied.

It should also be noted that the re-transmission of Msg3 PUSCH can only be scheduled by DCI format 0_0, which means repetition is not supported in the current specification. Similar to initial transmission of Msg3 PUSCH, the repetition indication can be included in the DCI format 0_0. However, it may bring significant specification impacts, e.g. the DCI size budget and the efforts on how to identify the CE-capable UE. Considering link adaptation can be achieved by the retransmission and the repetition number of initial transmission is already indicated by gNB, the straightforward way for Msg3 re-transmission is to follow the repetition number of initial transmission.

Proposal 3: The repetition number of Msg3 re-transmission should follow that of initial transmission. Any addition in the DCI format 0_0 should be avoided.

Other issues for Msg3 PUSCH repetition type A
Currently, Msg3 PUSCH doesn’t support repetition and only intra-slot repetition is supported, which is indicated via the frequency hopping flag carried by UL grant, as shown in Table 8.2-1 in TS38.213. In order to guarantee the performance, one DMRS symbol is required in each hop, which is defined in TS38.211. As shown in Figure 3, the DMRS density for intra-slot hopping is higher than that of inter-slot hopping if the same DMRS configuration is applied. Accordingly, it is beneficial to support inter-slot frequency hopping for the case wherein Msg3 PUSCH is transmitted with repetition type A. 


Figure 3: Intra-slot and Inter-slot frequency hopping for Msg3 PUSCH repetition

Proposal 4: Inter-slot frequency hopping should be supported when Msg3 PUSCH is transmitted with repetition type A. FFS the details.

Table 8.2-1: Random Access Response Grant Content field size [2]
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



Similar to inter-slot frequency hopping, only redundancy version #0 can be used for initial Msg3 PUSCH transmission as only one-slot transmission is supported. In the current specification, the RV sequence for PUSCH repetition is determined by the RV of the first repetition. If only RV#0 can be used for Msg3 PUSCH, the RV sequence applied to the repetitions has to starts with RV#0, i.e. {RV#0, RV#2, RV#3, RV#1}. If the repetition number of Msg3 PUSCH is larger or equal to 4, the RV sequence doesn’t make any difference as all redundancy versions traverse at least once. If the repetition number of Msg3 PUSCH can be smaller than 4, it is worth to study whether different redundancy version can be indicated for the initial Msg3 PUSCH transmission.

Proposal 5: Study the necessity of indicating the redundancy version for the initial Msg3 PUSCH transmission.

Conclusion
[bookmark: _GoBack]This contribution discussed the mechanisms of enhancements for Msg3 PUSCH. We have the following observation:
Observation: The early identification mechanism should be backward compatible and has trivial impacts on scheduling.
Accordingly, we have the following proposals:
Proposal 1: The early identification of coverage enhancement UE should be studied in order to facilitate the operation of Msg3 PUSCH repetition. 
Proposal 2: Both explicit indication and implicit indication informing the repetition number of Msg3 PUSCH can be further studied.
Proposal 3: The repetition number of Msg3 re-transmission should follow that of initial transmission. Any addition in the DCI format 0_0 should be avoided.
Proposal 4: Inter-slot frequency hopping should be supported when Msg3 PUSCH is transmitted with repetition type A. FFS the details.
Proposal 5: Study the necessity of indicating the redundancy version for the initial Msg3 PUSCH transmission.
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