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1. Introduction

In RAN1#112bie e-meeting, the Re1-18 WI titled “Enhanced support of reduced capability NR devices” was discussed and the following agreements were made [1].

	Agreement
Confirm the following working assumption by assuming that Msg3 indication is available
Working Assumption
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Agreement
Update the agreements for SI PDSCH with the clarification as follows:
· For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation). The scheduling of SIB1 PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation). The scheduling of OSI PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.


Agreement
[Draft] LS R1-2304258 is endorsed in principle with changing “to specify” to “to consider”.
Final LS R1-230xxxx is endorsed

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).

Conclusion
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case

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



2. Discussion

In this contribution, we present our views on further UE complexity reduction for Rel-18 Redcap which is called eRedCap in this paper.

2.1. [bookmark: _GoBack]UE BB Bandwidth Reduction 

   This chapter will deal with issues related to bandwidth reduction and mainly includes a lot of things that occur on the RACH procedure.

Issue#1: UE minimum time relaxation in RACH procedure

Previously, it was agreed that for X values, the longest X (2/1ms for 15KHz SCS and 30KHz SCS) are deleted when the number of PRBs for PDSCH in Message 2 is scheduled more than the max number of PRBs for Rel-18 eRedCap (25 PRBs in 15 KHz SCS and 12 PRBs in 30 KHz SCS), additional time relaxation of X (X ≠ 0) is set as a single value pair depending on SCS (15KHz or 30KHz). It may be important to choose one value for X out of the two candidate values [0.5/0.25 or 1/0.5] ms for 15/30kHz SCS with different conditions in this meeting as follows below. 

	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 purpose of the Rel-18 eRedCap is to reduce the cost compared to the Rel-17 RedCap, and in addition to reducing the memory size, it can be said that relaxation on the UE processing time is another effective way of cost reduction. Considering that manufacturing modem solutions (modem chip platforms) can be different in DSP (digital signal processing) technology from companies to companies, it may be safer to set the UE processing time based on the views from companies potentially with some margin.
In the last meeting, some companies proposed 2/1ms for 15KHz SCS and 30KHz SCS and the longest value was excluded. Looking at the next step then, we think that the larger value as long as possible may be acceptable enough because each company may be different and various technologies to make baseband solutions in the respect of implementation. Between the proposed 2 candidate values for X to be left, 1/0.5 ms for 15/30kHz SCS seems to be more accommodating than the other aggressive values considering the perspectives of many companies designing modem solutions. Actually, we are proposing the longer value now for the same reason at the last meeting. And, it is thought that the larger value of the 2 candidates as long as possible here will help it operate stably in order to accommodate the unexpected worst cases. Above all, when an additional relaxation time X ms can be considered, without early indication in Message1 for Rel-18 eRedCap, it may possibly occur that RAR decoding of Message 2 is not completely completed before PUSCH Message 3 is transmitted at the time scheduled in Message 2 RAR by gone. In order to prevent it as well as RACH failure through restarting RACH Procedure with Message 1 retransmission from the beginning, that is why the early indication can be necessary.

Proposal 1: Option 3 is supported with introduction of early indication in Message1 for Rel-18 eRedCap.   

After X values have additionally been applied in Message 2 processing time, it may be necessary to consider the transmission time of Message 3. If a UE receives a PDSCH with a RAR message ending in slot n, the UE transmits Msg3 PUSCH in slot n + K2 + Δ, where the value of Δ depends on SCS of PUSCH (µPUSCH) and is given in Table 2 below. 

	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10


Table 1: Default PUSCH time domain resource allocation A for normal CP

For 15KHz SCS, row indexes in K2= j cannot be used in X = 0.5/0.25 ms for 15/30 kHz SCS and row indexes in K2= j and K2=j+1 cannot be used in X = 1/0.5 ms for 15/30 kHz SCS on Default TDRA Table in TS 38.214. Ultimately, row indexes over 50% may be unusable in Table 1 above. 

	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6

	5
	24

	6
	48


Table 2: Definition of value Δ

Then, for the “FFS” in Option3, various considerations can be differently discussed. For example, row indexes possible in Table 1 should be only scheduled by gNodeB, or Table 1 and Table 2 can be updated or enhanced. Maybe an additional semi-static slot offset can also be considered. But, if the additional semi-static slot offset is always applied to all row values, then it may require unnecessary delay for a specific row. As an alternative, dynamic indication can be one of solutions to only Rel-18 eRedCap UEs. Dynamic indication can be done in various ways, such as through PDCCH scrambled by RA-RNTI or RAR in MAC CE. These methods can be discussed as viable options.

Proposal 2: For the “FFS in Option 3, consider the following options to prevent Message 3 transmission failure:
· Option 1: Leave it to gNodeB implementation (i.e., only usable rows in Default TDRA Table are selected for Msg3 scheduling by gNodeB.
· Option 2: Update TDRA Table or Δ table
· Option 3: Introduce an additional semi-static slot offset (possibly per SCS)
· Option 4: Introduce a dynamic indication of slot offset by MAC CE or DCI (specific to Rel-18 eRedCap UE)

Issue#2: The potential timeline relaxations for Message B or Message 1/A

Similar to 4-step RACH procedure, on 2-step RACH procedure, there is definition on the minimum time N T, 1 + 0.5 ms between the DCI (PDCCH based on MsgB-RNTI) received for Message B PDSCH transmission and ACK/NACK PUCCH transmission for that PDSCH of Message B scheduled by PDCCH based MsgB-RNTI. Two types of RARs can be transmitted in Message B unlike Message 2. One is FallbackRAR and the other is SuccessRAR. If the number of PRBs of the scheduled PDSCH is more than the max number of PRB for Rel-18 eRedCap, an additional time [Y] in the minimum time N T, 1 + 0.5 + [Y] ms can be required as in the 4-step PRACH procedure. Generally, the PDU size of SuccessRAR is larger than that of UL Grant in Message 2, so it is likely that the PDSCH of Message B will be more possibly scheduled beyond the max number of PRBs for Rel-18 eRedCap than that of Message 2. The value [Y] can have the same value one as the value X(x) in 4-step PRACH procedure. (X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS, Note: Single Value pair for X is to selected for SCSs).
The transmission of the ACK PUCCH for the SuccessRAR in Message B must be transmitted at the time of n + k + △ on 2-setp RACH procedure through the appropriate HARQ feedback timing (one k from {1, 2, 3, 4, 5, 6, 7, 8}) in Table 2. And the transmission of Message 3 PUSCH for the FallbackRAR in Message B must also be transmitted with the appropriate TDRA index in Table 2 at the time n + k + △ to prevent the failure of the PUSH transmission after the reception for DCI scrambled by MsgB-RNTI. △ has values defined in the Table 1, depending on SCS (μ). However, when Message B is scheduled by PDCCH scrambled by C-RNTI (e.g., in CFRA) which is UE-specific, additional time relaxation [Y] is not needed.
[image: ]
Figure 1. MAC payload for Message B in 2-step PRACH procedure

MsgB-RNTI is different from C-RNTI or TC-RNTI (CS-RNTI, MCS-C-RNTI) which is scheduled for one UE of unicast PDSCH and is almost same with P-RNTI or RA-RNIT which can be scheduled for multiple UEs. Multiple UE’s MAC Control PDU contents can be multiplexed into a Message B. Then the Message B should be treated like Message 2 in the respect of RACH procedure at the initial access periods.

Proposal 3: Message B in 2- step RACH procedure should be treated in the same way as for Message 2 in 4-step RACH procedure rather than Message 4.
· The timing relaxation supported for the Message 2 in 4-step RACH procedure should also be supported for the Message B in 2-step RACH procedure. 

If there is no MAC PDU content as a RACH preamble response in Message B or Message 2, UE will retransmit Messag1 or Message A after the minimum time between the DCI reception and retransmission. Actually, a UE expects MAC PDU corresponding to RACH preamble to send Message 3 in 4-step PRACH procedure or ACK PUCCH (NACK transmission is not necessary about Message 4 and Message B) for Message B in 2-step PRACH procedure after receiving the PDSCH for Message 2 scheduled by RA-RNTI or Message B scheduled by MsgB-RNTI. The time N T,1 + 0.75 ms was defined as the minimum time in the legacy UEs. If the PDSCH for Message 2 or Message B can be allocated more than 5MHz BW PRBs like the previous Issues, it can be also considered that the processing relaxation time is required for decoding Message 2 or Message B although the content related to the RACH preamble is not included or PDSCH Decoding Failure (correct MAC PDU is not received in UEs or CRC error occurs in Transport Block) happens in the message. So an additional relaxation time [Z] can be also applied as the equation N T,1 + 0.75 + [Z] ms for this case and the contents highlighted in yellow below should be added in the previous agreement as follows. There are is not no reasons why Message1 retransmission and Message A retransmission should differ on 4-step RACH procedure and 2-step RACH procedure, respectively. The case of Message 1 retransmission in 4-setp RACH procedure should be discussed in the same way as for the case of Message A retransmission in 2-setp RACH procedure. 

	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
· For 2-step RACH: 
· Case X: Between reception of Msg B PDSCH in which UE does not correctly receive the transport block and upcoming transmission of Msg A
· Case Y: Between reception of Msg B with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of Msg A



Proposal 4: Additional Time Z(s) in the minimum time should be “also” supported for the retransmission of Message 1 and Message A after decoding Message 2 or Message B, respectively.
· The following cases related to 2-step RACH should be additionally supported for potential timeline relaxations.
· For 2-step RACH: 
Case X: Between reception of Msg B PDSCH in which UE does not correctly receive the transport block and upcoming transmission of Msg A
Case Y: Between reception of Msg B with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of Msg A

Issue#3: Simultaneous reception of a unicast PDSCH + one broadcast PDSCH

Regarding the reception of two PDSCHs in one slot, the following has been concluded at the last meeting as follows below. If two PDSCH channels (a unicast PDSCH + one broadcast PDSCH FDMed) partially overlap in some OFDM symbols within a slot, no additional relaxation is made in Rel-18 eRedCap UEs. Ultimately, spec change is not required and the legacy behavior is applied to Rel-18 eRedCap UEs for simultaneous reception of a (unicast)PDSCH and one broadcast PDSCH. 

	Conclusion
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.” 
· FFS: Msg4 PDSCH scheduled by TC-RNTI case



According to the conclusion in the last meeting, FFS still remains on Message 4 PDSCH scheduled by TC-RNTI case. From the agreement in the last meeting that the UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, it is already clear when the eRedCap UE is expected to decode the Msg4 PDSCH. So we think the FFS on Msg4 PDSCH in the conclusion above for autonomous SI acquisition is not essential and can be deleted.

	FL9 High Priority Proposal 2.5-2a:
· Conclusion: For UE BB bandwidth reduction, for P-RNTI triggered SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.” 
· FFS: the Msg4 PDSCH case



We think that the same principle can also be applied in the case of P-RNTI triggered SI acquisition on FL9 High Priority Proposal 2.5-2a [2]. The eRedCap UE can be capable of decoding a Msg4 PDSCH and a PDSCH scheduled with SI-RNTI during a process of P-RNTI triggered SI acquisition anyway. When it is not required to process a Msg4 PDSCH, it is up to UE implementation whether it will decode both of them or just the PDSCH scheduled with SI-RNTI, for which we don’t think specification update is needed. Overall, we don’t think any specification update is needed for eRedCap for the case of simultaneous reception of unicast and broadcast.

Proposal 5: For UE BB complexity reduction, FFS should be deleted on simultaneous reception of one message 4 + one broadcast PDSCH in 4-step RACH procedure.
· No specification update is needed for eRedCap for the case of simultaneous reception of unicast and broadcast.

2.2. UE Peak Data Reduction

So far, we have the following RAN1 agreements on UE peak data rate reduction.

	Agreement:
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.

Agreement:
· The minimum DL peak rate target (for FD-FDD) is 10 Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL

Agreement:
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.




And, according to the agreement made in RAN#99 and copied below, the PR1 is supported as a standalone feature.

	Rel-18 eRedcap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps
Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



As a follow-up to the agreements made so far, in the last meeting RAN1 discussed the values of X and Y but failed to reach a conclusion.

Issue#1: X value for PR1 as an add-on feature

Table 1 shows the minimum UE peak rate for an Rel-18 eRedCap UE with PR1 as an add-on feature. To meet the 10Mbps minimum UE peak rate, the X value should not be smaller than 3.0 for 15 kHz SCS, and should not be smaller than 3.2 for 30 kHz SCS.
	X values
	12 PRBs with 30kHz SCS
	25 PRBs with 15kHz SCS

	2.9
	9.31
	9.70

	3.0
	9.63
	10.03

	3.1
	9.95
	10.37

	3.2
	10.27
	10.70

	3.3
	10.59
	11.03

	3.4
	10.91
	11.37


Table 3. Minimum UE peak data rate for PR1 as an add-on feature

We think the minimum UE peak rate 10Mbs shall be met by all Rel-18 eRedCap UEs with all the supported SCSs. Therefore, we support X = 3.2 as the new X value for Rel-18 eRedCap with PR1 as an add-on feature.

Proposal 6: For the relaxed constraint X when the UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, X = 3.2 is supported.

Issue#2: Y value for PR1 as a standalone feature

For the same reason as we support X value, we think Y = 0.75 should be supported as the new Y value for eRedCap with PR1 as a standalone feature. Table 2 shows the minimum UE peak rate for an eRedCap UE with PR1 as a standalone feature. To meet the 10Mbps minimum UE peak rate, the Y value should not be smaller than 0.75 for both 15 kHz SCS and 30 kHz SCS.

	Y values
	12 PRBs with 30kHz SCS
	25 PRBs with 15kHz SCS

	4
	56.7 
	54.6 

	1
	14.2 
	13.6 

	0.8
	11.3 
	10.9 

	0.75
	10.6 
	10.2 

	0.7
	9.92 
	9.97 

	0.4
	5.7 
	5.5 


Table 4.  Minimum UE peak data rate for PR1 as a standalone feature

As Y values larger than 0.75 can also meet the 10 Mbps minimum UE peak data rate, we would also be fine with slightly larger values such as 0.8. However, we would like to make it clear that, in our view, the Y is just the minimum value relaxed for eRedCap UEs, and eRedCap UEs with the UE peak data rate larger than the minimum also exist, which is the same as in legacy.

proposal 7: For the relaxed constraint Y when the UE peak data rate reduction is supported as a standalone feature, Y = 0.75 or 0.8 is supported.

2.3. Other aspect 

[Consideration on FDRA Optimization]

According to agreements in RAN1#111 meeting, the maximum number of unicast PRBs was 25 PRBs in 15KHz SCS and 11 or 12 PRBs in 30 KHz SCS (The exact number of PRBs in 30KHz SCS has not yet been decided). It means that the PRB allocation exceeding the max number of PRBs for eRedCap (5MHz PRBs) must not be allowed to an eRedCap UE for PDSCH or PUSCH scheduled C-RNTI. 

[image: ]
Figure 2. The allocation on RBG-size 16 within 25 PRBs in 15KHz SCS 

This constraint may cause an unexpected issue in the assignment of the frequency resource (PRBs) to an eRedCap UE. In the case of RA Type 0 (bitmap) or Compact RA Type 1 (RIV) in DCI X_2 based on consecutive multiple PRBs which is called RBG (Resource Block Group), more than the max of the number of PRBs for eRedCap (25 PRBs in 15 KHz SCS and 11 or 12 PRBs in 30 KHz) may be allocated depending on the situation. For instance, if RBG-size is 16 as shown in Figure 1 in 15KHz SCS and FDRA must be composed of multiples of a RBG-size (16 PRBs) for an eRedCap UE, it may not be approximately easy to reach around 25 PRBs for UE peak rate which is the max number of PRBs for eRedCap allocated to PDSCH or PUSCH PRBs in 15KHz SCS because of the restriction that 16 PRB (one RBG) must be assigned the only one RBG to an eRedCap UE although the data rate requires 25 PRBs. It may be impossible to achieve the peak data rate performance with 16 PRB (one RBG). Nevertheless, it cannot be achieved with 32 PRBs (2 REGs with 32 PRBs composed of two consecutive 16 PRBs) which violates the agreement of the FDRA allocation within 25 PRBs contiguously or not to an eRedCap UE. The similar issue could be viewed in the 30 KHz SCS with 8 RBG-size which consists of 8 consecutive multiple PRBs like Figure 2 below. It is difficult to reach around 11 or 12 PRBs with 8 REG-size in 30 KHz SCS for the peak data rate.  

[image: ]
Figure 3. The allocation on RBG-size 8 within 11 or 12 PRBs in 30KHz SCS 

 Proposal 8: In the case where the RBG size for FDRA is large (e.g., 16 RBs in 15 KHz SCS, 8 RBs in 30 KHz SCS), consider enhancements to increase the efficiency in terms of DL/UL frequency resource utilization.

[enhancements of capacity for common PUCCH]

During random access, common PUCCH resources are used for PUCCH transmission for HARQ feedback in response to Message 4/Message B. For the common PUCCH resources for eRedCap UEs, basically the same framework for common PUCCH for Rel-17 RedCap can be reused:
· In case a separate initial UL BWP is configured for eRedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Message 4/Message B for eRedCap UEs.
· The frequency hopping is enabled/disabled via SIB1.
· Disabling of frequency hopping for common PUCCH resources for eRedCap UEs is only supported for separate (not legacy) initial UL BWP.

With the introduction of eRedCap UEs in addition to Rel-17 RedCap UEs, increasing the resource efficiency of the common PUCCH resources becomes more important. Then, it is desirable that the common PUCCH resources in time and frequency domain are shared as much as possible b/w Rel-17 RedCap UEs and eRedCap UEs especially when the FH for common PUCCH transmission is disabled. From this aspect, enhancements on the user multiplexing capacity for common PUCCH can be considered. CDM (OCC), FDM, and TDM can be considered as candidate multiplexing techniques.

Proposal 9: Support enhancements on the user multiplexing capacity for common PUCCH especially when the FH for the common PUCCH resources is disabled.
· FFS details, e.g., CDM (OCC), FDM, and TDM of the common PUCCH resources.


3. Conclusion

In this contribution, we shared our views on further UE complexity reduction for Rel-18 eRedCap.

Proposal 1: Option 3 is supported with introduction of early indication in Message1 for Rel-18 eRedCap.   
Proposal 2: For the “FFS in Option 3, consider the following options to prevent Message 3 transmission failure:
· Option 1: Leave it to gNodeB implementation (i.e., only usable rows in Default TDRA Table are selected for Msg3 scheduling by gNodeB.
· Option 2: Update TDRA Table or Δ table
· Option 3: Introduce an additional semi-static slot offset (possibly per SCS)
· Option 4: Introduce a dynamic indication of slot offset by MAC CE or DCI (specific to Rel-18 eRedCap UE)
Proposal 3: Message B in 2-step RACH procedure should be treated in the same way as for Message 2 in 4-step RACH procedure rather than Message 4.
· The timing relaxation supported for the Message 2 in 4-step RACH procedure should also be supported for the Message B in 2-step RACH procedure. 
Proposal 4: Additional Time Z(s) in the minimum time should be “also” supported for the retransmission of Message 1 and Message A after decoding Message 2 or Message B, respectively.
· The following cases related to 2-step RACH should be additionally supported for potential timeline relaxations.
· For 2-step RACH: 
Case X: Between reception of Msg B PDSCH in which UE does not correctly receive the transport block and upcoming transmission of Msg A
Case Y: Between reception of Msg B with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of Msg A
Proposal 5: For UE BB complexity reduction, FFS should be deleted on simultaneous reception of one message 4 + one broadcast PDSCH in 4-step RACH procedure.
· No specification update is needed for eRedCap for the case of simultaneous reception of unicast and broadcast.
Proposal 6: For the relaxed constraint X when the UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, X = 3.2 is supported.
proposal 7: For the relaxed constraint Y when the UE peak data rate reduction is supported as a standalone feature, Y = 0.75 or 0.8 is supported.
Proposal 8: In the case where the RBG size for FDRA is large (e.g., 16 RBs in 15 KHz SCS, 8 RBs in 30 KHz SCS), consider enhancements to increase the efficiency in terms of DL/UL frequency resource utilization.
Proposal 9: Support enhancements on the user multiplexing capacity for common PUCCH specially when the FH for the common PUCCH resources is disabled.
· FFS details, e.g., CDM (OCC), FDM, and TDM of the common PUCCH resources.
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