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Introduction
In this contribution, we further analyze solutions on top of the decision made in both RAN and RAN1. The remaining details of RedCap enhancement are discussed.
[bookmark: _Hlk115464106]UE BB bandwidth reduction
Earlier UE identification
We had agreements in the RAN1#112bis meeting. 
	Agreement
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).




The additional procession time X ms should be determined. Considering the extra processing is mainly for channel coding, 1ms would be sufficient for the larger TB sizes in 15kHz SCS. Since the TB size will be around half when SCS is 30kHz, the corresponding extra channel decoding time will be 0.5ms. Further, since the extra processing only limited to channel coding, reduce extra time to 0.5ms/0.25ms is also possible to 15kHz/30kHz SCS.
When the earlier identification is introduced, it is also discussed if the legacy default TDRA table can be redefined. As this redefinition can be only applied Rel-18 Bandwidth Reduction UEs, this would have very limited benefit overall. The new TDRA table is used when the gNB aware of the specific RedCap UE with bandwidth reduction. Even with the current TDRA table, half of the entries can also cover the extend X = 1/0.5ms. With this understanding, Option2 and Option1 are preferred.


Figure1. Processing difference is the channel decoding for wider RAR
Proposal 1: If scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs, the Rel-18 RedCap UE expect that TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + 1/(2^u) ms.
Timelines of initial access
	
Agreement
The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH



In the 2-step RACH, ther fallback RAR and Msg3 should follow the sane timeline of RAR and Msg3 in 4-step RACH. Also, it is assumed the earlier identification preamble part of MsgA is not supported. The successRAR should be in a longer timeline with HARQ-ACK for a RedCap UE with reduced bandwidth. This can be extended with the same time.
For 4-step RACH, an unsuccessful receiving of RAR PDSCH and RAR with RAPID not associated with the corresponding PRACH transmission will require longer time to process if the PDSCH part have RBs than 5MHz. Then, the timeline of upcoming transmission of PRACH indicated by higher layer should also be extended.
Proposal 2: The timeline of Case 2a, 2b, 4a, and 4b should be extended with same time delay as for between the RAR reception and Msg3
RB resource restriction
Regarding the maximum 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for UL and DL, RAN1 specification can introduce direct restriction of bandwidth in the specification. In the 38.214, we can state that the maximum number of RB allocated to the UE should not exceed the value per each SCS defined as UE capability. This restriction can be applied for broadcast channel’s PDSCH, when applicable.
Proposal 3: In the 38.214, we can specify that the maximum 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for PUSCH and PDSCH allocated to the UE should not be exceeded as 5MHz eRedCap UE capability.
Peak data rate reduction
For 5MHz Bandwidth RedCap UE
The peak data rate of UE would be also reflected in the UE capability specification, as the main specification impact of PR. It was further agreed the case that a factor X is selected to replace ‘4’, when PR is add-on to 5MHz RedCap UE. The further agreement to set the component  is no smaller than 3 or 3.2. 
In that specification, is all due to the data rate of UE capability defined as following: 

“”


The  is the maximum RB allocation in bandwidth . 
We consider the possible low bound of the factor based on the above definition of peak data rate. 
Table1. The minimal passible vLayers·Qm·f to meeting 10Mbps
	Minimal value
	15 kHz SCS
(25 PRBs)
	30 kHz SCS
(12 PRBs)

	vLayers·Qm·f for 10Mbps
DL
	2.9905
	3.1151

	vLayers·Qm·f for 10Mbps
UL
	2.7955
	2.9119



We understand PR1 is to target the data rate of 10Mbps. Thus, we prefer to choose factor 3 as it already reaches that data rate, with only exception of UL 30kHz SCS.
Proposal 4: RAN1 introduce restriction  is no smaller than 3 in case of 5MHz Bandwidth RedCap UE, in the UE capability specification.
For 20MHz Bandwidth RedCap UE
For the 20MHz Bandwidth RedCap UE, this is mainly based on the defined Rel-17 RedCap UE. With the PR1 extension, that will be converted to Rel-18 RedCap UE targeting on the 10M bps. Thus, the component   will be not smaller than 0.75. 
Proposal 5: RAN1 introduce restriction  is no smaller than 0.75 in case of 20MHz Bandwidth RedCap UE, in the UE capability specification.
Application of the PR1
In specification of the PR1, we consider it would ruse the current framework. This could be indicated by restriction that component  is no smaller than Y. The Y is the value corresponding to the above 2 cases of RedCap UEs. 
The layers, modulation order and scaling factor have few discrete values. Thay may not be multiple into the same value as Y. 
Proposal 6: RAN1 reused the framework of limiting the product of layers, modulation orders and scaling factors.
Conclusion
In this contribution, we have discussed and analyzed the further enhancement of the RedCap devices. The remaining issues are discussed. As summary, we propose:
Proposal 1: If scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs, the Rel-18 RedCap UE expect that TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + 1/(2^u) ms.
Proposal 2: The timeline of Case 2a, 2b, 4a, and 4b should be extended with same time delay as for between the RAR reception and Msg3
Proposal 3: In the 38.214, we can specify that the maximum 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for PUSCH and PDSCH allocated to the UE should not be exceeded as 5MHz eRedCap UE capability.
Proposal 4: RAN1 introduce restriction  is no smaller than 3 in case of 5MHz Bandwidth RedCap UE, in the UE capability specification.
Proposal 5: RAN1 introduce restriction  is no smaller than 0.75 in case of 20MHz Bandwidth RedCap UE, in the UE capability specification.
Proposal 6: RAN1 reused the framework of limiting the product of layers, modulation orders and scaling factors.
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