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Introduction
In RAN1#112bis-e meeting [1], the following agreements have been made for UE bandwidth reduction and UE peak data rate reduction. 
	Random access timeline
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).
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

Simultaneous reception
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



In this contribution, potential solutions to further reduce UE complexity in FR1 are discussed. 

UE BB bandwidth reduction
This section will discuss on UE baseband bandwidth reduction scheme.
Random access timeline
In last meeting [1], for UE BB bandwidth reduction, the following agreements were made. 
	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:
· [bookmark: _Hlk133956892]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).
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



Based on the agreements, to make down-selection three remaining questions need to be solved.
· Question#1 value(s) of X: X = 0.5/0.25ms for 15/30kHz or X = 1/0.5ms for 15/30kHz
· Question#2 default TDRA table and Δ: reuse legacy default TDRA table and Δ or introduce new default TDRA table and Δ for Rel-18 eRedCap UE
· Question#3 early indication in Msg1: whether to support a network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs 
Question#1 value(s) of X
As an additional PDSCH processing time, if the value of X equals to 0.5/0.25 ms, it is not long enough to fulfill most of the companies’ implementation. Considering this concern, the lager value 1/0.5 seems more appropriate. So, we propose to support the value of X is 1/0.5 ms for 15/30kHz SCS.
So we propose to support the value of X = 1/0.5ms for additional PDSCH processing time X.
Question#2 default TDRA table and Δ
For RAR processing timeline Nt,1+Nt,2+0.5 + X, Nt,1 is 14/13 for SCS 15/30kHz based on Table 1 in TS38.214, and Nt,2 is 10/12 for SCS 15/30kHz based on Table 2 in TS38.214. Taking the two values, Nt,1+Nt,2+0.5 is 31/39 symbols for SCS 15/30kHz.
[bookmark: _Ref127319231]Table 1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2, 
or if none of the higher layer parameters is configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24

	5
	80
	96

	6
	160
	192


Note: For , the UE assumes . [TS38.213]
[bookmark: _Ref127319241]Table 2: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36

	5
	144

	6
	288


For the scheduling timeline Msg3 TDRA, as specified in 38.213 below, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where   and  are shown in the following tables.
	TS 38.213
With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where  and  are provided in [6, TS 38.214] and  is provided by CellSpecific_Koffset; otherwise, if not provided, . 



	TS 38.214
Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP
	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 6.1.2.1.1-4: Definition of value j
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3

	5
	11

	6
	21



Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6

	5
	24

	6
	48





In current specs, the scheduling timeline  +S should be larger than the processing time Nt,1+Nt,2+0.5. Supposing that a PDSCH with a RAR message is scheduling in the last symbol of slot , the Msg3 scheduling position  +S should not smaller than the processing time Nt,1+Nt,2+0.5 as shown in Figure 1. 
[image: ]
Figure 1 [bookmark: _Ref134793903]scheduling restriction
[bookmark: _Hlk134795919]When the scheduling of RAR is not larger than the maximum numbers of PRBs, the scheduling timeline of Msg3 need to be restricted as Table 1. 
Table 1 [bookmark: _Ref134795766]scheduling timeline1 in current specification
	SCS
(KHz)
	NT,1
	NT,2
	∆
	processing timeline
NT,1 + NT,2 + 0.5 ms
	scheduling timeline +S 
(available entries in default PUSCH TDRA table)

	
	
	
	
	
	j = 1, S<3
	j = 1, S>=3
	others

	15
	13
	10
	28 symbols
	31 symbols 
	< 31 symbols
(entries 1-4 are not available)
	> 31 symbols
(entries 5-7,14 is avialble)
	> 30 symbols
(entries 8-13,15-16 are available)

	30
	13
	12
	42 symbols
	39 symbols
	42 symbols > 39 symbols 
(entries 1-4 are available)
	> 39 symbols
(entries 5-7,14 are avialble)
	> 39 symbols 
(entries 8-13, 15-16 are availble)


	When the scheduling of RAR is larger than the maximum numbers of PRBs, the scheduling timeline of Msg3 need to be restricted as Table 2 and Table 3. If the value of X is 0.5/0.25 ms [= 7 symbols] for SCS 15/30kHz, the available entries are shown in Table 2, there are 8 entries of 16 entries in default TDRA table are not available. If the value of X is 1/0.5 ms [= 14 symbols] for SCS 15/30kHz, the available entries are shown in Table 2, there are 11 entries of 16 entries are not available.
Table 2 [bookmark: _Ref134795995][bookmark: _Ref134796210]scheduling timeline2 for X=0.5/0.25
	SCS
(KHz)
	NT,1
	NT,2
	
	processing timeline
NT,1 + NT,2 + 0.5 + X ms
	scheduling timeline +S 
(available entries in default PUSCH TDRA table)

	
	
	
	
	
	k2=j, S<4
	k2=j, S < 10
	k2=j+1 & others

	15
	13
	10
	28 symbols
	38 symbols 
	< 32 symbols
(entries 1-4 are not available)
	< 38 symbols
(entries 5-7,14 is not avialble)
	> 42 symbols
(entries 8-13,15-16 are available)

	30
	13
	12
	42 symbols
	46 symbols
	< 46 symbols 
(entries 1-4 are not available)
	>= 46 & < 51 symbols
(entries 5-7,14 are avialble)
	> 56 symbols 
(entries 8-13, 15-16 are availble)



Table 3 [bookmark: _Ref134796027]scheduling timeline3 for X=1/0.5
	SCS
(KHz)
	NT,1
	NT,2
	∆
	processing timeline
NT,1 + NT,2 + 0.5 + X ms
	scheduling timeline +S 
(available entries in default PUSCH TDRA table)

	
	
	
	
	
	k2=j, S<9
	k2=j+1, S=0
	k2=j+2 & others

	15
	13
	10
	28 symbols
	45 symbols 
	< 37 symbols
(entries 1-7,14 are not available)
	42 symbols < 45 symbols
(entries 8-10 is not avialble)
	56 symbols > 45 symbols
(entries 11-13,15-16 are available)

	30
	13
	12
	42 symbols
	53 symbols
	< 51 symbols 
(entries 1-7,14 are not available)
	56 symbols > 39 symbols
(entries 8-10 is avialble)
	> 39 symbols 
(entries 11-13, 15-16 are availble)


Based on the above analysis, no matter X = 1/0.5 or X = 0.5/0.25ms, at least about 50% entries of existing default TDRA table are not available.
For the FFS, half of the entries in TDRA table are invalid for 15kHz SCS like row index 3, 4, and 5 whatever the value of X is 0.5 or 1 ms. One possible solution is to enlarge the configurable parameters k2, S, or L in PUSCH-TimeDomainResourceAllocationList when the Rel-18 eRedCap UEs is scheduled. In current specs, the K2 value in the PUSCH-TimeDomainResourceAllocationList is common to all non-eRedCap UEs in the cell. Another solution is to define a new default TDRA table to guarantee the NW scheduling flexibility.
Observation1: About whether the legacy default TDRA table and Δ can be reused, the following solutions can be considered:
· Option 1: If legacy default TDRA table and Δ are reused, larger configurable parameters k2, or S specific to Rel-18 eRedCap UEs is needed.
· Option 2: If legacy default TDRA table and Δ are not reused, maybe define a new TDRA table for all UEs.
So we propose to introduce new default TDRA table and Δ for Rel-18 eRedCap UEs, and values of new default TDRA table and Δ is larger than existing values.
Question#3 early indication in Msg1
The key point is whether the separate early indication is supported by Msg1 for Rel-18 eRedCap UE, which depends on the processing between Msg2 and Msg3.
If the number of PRBs for RAR PDSCH exceeds 5MHz, the Rel-18 eRedCap UE should process the RAR PDSCH in relaxed processing timeline because of the UE can only process the maximum unicast PRBs(5MHz) per slot. If the separate early indication for Rel-18 eRedCap UEs by Msg1/MsgA is not introduced, the network needs to restrict all the UEs scheduled within a relaxed timeline. 
Consequently, a network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs should be supported.
Based on above analysis, the following proposal is made:
Proposal 1: Option 3 is supported as following:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· New default TDRA table and Δ for Rel-18 eRedCap UEs, and values of new default TDRA table and Δ is larger than existing values.
· 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).

In last meeting, the following agreements are made.
	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, the bandwidth for MsgB should be discussed first. If the bandwidth of MsgB PDSCH is larger than 5MHz, it is need to relax processing timeline for case 2a and case 2b. Otherwise, there is no need to do any relaxation.
For 4-step RACH, Similar as RAR and Msg3, in current spec the timeline between RAR and PRACH is also specified. Rel-17 RedCap and non-RedCap UEs shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of   symbols corresponding to a PDSCH processing time as captured following in TS 38.213.
	[bookmark: _Hlk131445015][bookmark: OLE_LINK6][bookmark: OLE_LINK7]If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding LSBs of the SFN where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 assuming  corresponds to the smallest SCS configuration among the SCS configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-RS is configured, and the corresponding PRACH. For , the UE assumes  [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration . 


Similarly, when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, additional PDSCH processing time Y is needed for UE to first buffer then process RAR PDSCH without RAR PDSCH performance loss. The value of Y should be same as that of X because of the similar RAR PDSCH processing method.
Proposal 2: For UE BB bandwidth reduction, when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception.
· For additional PDSCH processing time, the value of Y should be same as that of X.

Simultaneous reception
In last meeting[1], simultaneous reception of one unicast PDSCH and one broadcast PDSCH was further discussed and following conclusion was made.
	[bookmark: _Hlk130806888]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


In current spec, for legacy non-eRedCap UE, UE shall be able to decode a unicast PDSCH and another broadcast PDSCH that partially or fully overlap in time in non-overlapping PRBs. The RF and BB bandwidth for legacy non-eRedCap UE is same. And the bandwidth for unicast PDSCH and broadcast PDSCH is confined within the active BWP, which will not exceed legacy non-eRedCap UE’s BB bandwidth.
For Rel-18 eRedCap UE with BB bandwidth reduction, the BB bandwidth is not larger than 5MHz. If the total number of PRBs for the unicast PDSCH and broadcast PDSCH is not larger than the BB bandwidth, the UE shall be able to decode the unicast PDSCH and broadcast PDSCH that partially or fully overlap in time in non-overlapping PRBs, which is similar as legacy non-eRedCap UE.
Proposal 3: For UE BB bandwidth reduction, when the total number of PRBs for the two PDSCH (unicast and broadcast PDSCH) is not larger than 5MHz, the UE shall be able to decode a unicast PDSCH, and another broadcast PDSCH in non-overlapping PRBs.
For Rel-18 eRedCap UE with BB bandwidth reduction, it is agreed that a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot. So it is possible that the total number of PRBs for the unicast PDSCH and broadcast PDSCH is larger than the BB bandwidth. In this case, the new UE behavior should be specified for Rel-18 eRedCap UE with BB bandwidth reduction.
However, unicast PDSCH need to differentiate Msg4 and unicast PDSCH other than Msg4. For unicast PDSCH other than Msg4, the scheduling bandwidth is not larger than 5MHz agreed in previous agreement from 110b-e. For Msg4, the scheduling bandwidth is possible to be larger than 5MHz due to Msg3 collision if Msg1 early indication is not configured. 
For Msg4, during a process of P-RNTI triggered SI acquisition or during a process of autonomous SI acquisition, if the scheduling bandwidth is larger than 5MHz, the UE is not required to process or receive a Msg4 PDSCH as the limited UE BB bandwidth capability. If the scheduling bandwidth of Msg4 PDSCH is not larger than 5MHz, the UE shall prioritize to decode the Msg4 PDSCH because the Msg4 PDSCH has HARQ-ACK timeline requirements. 
[bookmark: _Hlk134022962]Proposal 4: For UE BB bandwidth reduction, during a process of P-RNTI triggered SI acquisition or during a process of autonomous SI acquisition, when the total number of PRBs for the two PDSCH (Msg4 and broadcast PDSCH) is larger than 5MHz,
· if the PRBs for the Msg4 PDSCH is larger than 5MHz, the UE prioritizes to decode a broadcast PDSCH. 
· otherwise, the UE prioritizes to decode a Msg4 PDSCH.
For unicast PDSCH other than Msg4, the scheduling bandwidth is always not larger than 5MHz, so the UE shall prioritize to decode the unicast PDSCH other than Msg4 because the unicast PDSCH other than Msg4 has HARQ-ACK timeline requirements.
Proposal 5: For UE BB bandwidth reduction, during a process of P-RNTI triggered SI acquisition, when the total number of PRBs for the two PDSCH (normal unicast and broadcast PDSCH) is larger than 5MHz, the UE prioritizes to decode a normal unicast PDSCH.
[bookmark: _Hlk130930431]
FDRA for Msg3
[bookmark: _Hlk131523050]For PUSCH Msg3 hopping, the frequency resource allocation field in the current UL grant of MAC RAR is fixed to 14 bits[2]. The actual bits for resource allocation are dependent on the BWP size. For eRedCap UEs in FR1, at most 13 bits are needed to make resource allocation within 20MHz for 15KHz SCS, so one bit is reserved in the 14 bits FDRA field. 
Table 4: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	12, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
14, otherwise

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	2, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
0, otherwise



Observation 2: For eRedCap, 13 bits is needed for flexible Msg3 frequency resource allocation. 
Moreover, one or two bits in the resource allocation field is consumed to indicate the frequency offset when frequency hopping is enabled, as shown in the table below[2], where  is the size of initial UL BWP.  So actually only 12 or 11 bits can be used for resource allocation. 
Table 5: Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission
	[bookmark: MCCQCTEMPBM_00000084]Number of PRBs in initial UL BWP
	Value of  Hopping Bits
	Frequency offset for 2nd hop

	
	0
	

	
	1
	

	
	00
	

	
	01
	

	
	10
	

	
	11
	Reserved


Observation 3: For eRedCap, 1 bit of FDRA is reserved. And when frequency hopping is enabled, only 11/12 bits of FDRA can be used for Msg3 frequency resource allocation. 
In such case, the resource allocation can only be less than 20 PRBs or more than 88PRBs. As the lengths of 88~106 cannot be allocated for eRedCap, the actual available resource allocation for Msg3’s FH is very limited. Instead, gNB has to allocate more time domain resource for eRedCap UEs, which will impose significant restriction on PUSCH frequency resource allocation, especially when the eRedCap is co-existence with Rel-17 RedCap UEs or eMBB UEs.
Thus, instead of using one or two bits from the frequency resource assignment, the unused bits can be used for frequency offset indication, to provide flexibility for Msg3 resource allocation for eRedCap UEs.
Proposal 6: For BB bandwidth reduction, Maximum 13 bits in the RAR UL grant are used for Msg3 resource allocation (15KHz SCS) regardless of Msg3 FH is enabled or disabled. 
MsgB PDSCH bandwidth
For UE BB complexity reduction, whether the UE is required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS is similar with 4-step RACH RAR. As several UEs’ responses carried by MsgB, the NW is possible to schedule a MsgB PDSCH like broadcast message with the number of PRBs larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. So we propose to 
Proposal 7: For UE BB complexity reduction, a UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
UE peak data rate reduction
About the peak data rate target, the following agreements were made. The remaining issues are the values of X and Y. 
	Agreement(RAN1#110bis-e):
· 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(RAN1#111):
· 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(RAN#98-e):
· Keep the minimum target peak data rate as 10Mbps.
Agreement(RAN1#112)
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· 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






When UE peak data rate reduction is supported as an add-on feature to UE BB bandwidth reduction, the value for X will be discussed through such below situations. Based on the PDSCH/PUSCH bandwidth reduction, the downlink peak data rate is more than 13Mbps calculated by the equation below when X equals to 4 (vLayers·Qm·f ≥ 4) and SCS is 15kHz.

 
To meet the downlink peak data rate of 10 Mbps, the constraint value X can be relaxed. For SCS=15 kHz, Rmax = 948/1024, , μ=0，, the constraint value of X should not be smaller than 3. While for SCS=30 kHz,  , the constraint value X should be relaxed to 3.2. eRedCap is more likely to be deployed with existing NR network. In commercial NR network, typically 30kHz SCS is used in TDD band and 15kHz SCS is used in FDD band. To avoid deployment restriction, the relaxed value should be 3.2 to ensure that both SCS cases can meet the peak data rate target.
According to Table 1, the MIMO layer can be 1 or 2 and the modulation order can be 2 or 4 without any new scaling factors when the relaxed value is 3.2.
Table 1 add-on parameters
	v
	Q
	f
	X

	1
	4
	0.8
	3.2

	2
	2
	0.8
	3.2

	2
	4
	0.4
	3.2

	1
	8
	0.4
	3.2



[bookmark: _Hlk127544297]Proposal 8: For UE peak data rated reduction supported as an add-on feature to UE BB bandwidth reduction, the constraint value X can be relaxed to 3.2.
When UE peak data rate reduction is supported as a standalone feature, the value for Y will be discussed through similar situations as add-on case.
To meet the downlink peak data rate of 10 Mbps, the constraint value Y can be relaxed. For SCS=15 kHz,  , the constraint value Y should not be smaller than 0.71. While for SCS=30 kHz, the constraint value Y should not be smaller than 0.74. Considering the deployment restriction, the constraint value Y should not be smaller than 0.74. Without introducing any new scaling factors, the constraint value Y can be 0.75 or 0.8. 
According to the UE implementation flexibility, it can support more scenarios when the relaxed value is 0.8. If the relaxed value is set to 0.8, the mimo layer can be 1 or 2 and the modulation order can be 1 or 2.
Table 2 standalone parameters
	v
	Q
	f
	Y

	1
	1
	0.75
	0.75

	1
	1
	0.8
	0.8

	1
	2
	0.4
	0.8

	2
	1
	0.4
	0.8



Proposal 9: For UE peak data rated reduction supported as a standalone feature, the constraint value Y can be relaxed to 0.8.

Conclusions
Based on the analysis, we have the following observations and proposals:
Observation1: About whether the legacy default TDRA table and Δ can be reused, the following solutions can be considered:
· Option 1: If legacy default TDRA table and Δ are reused, larger configurable parameters k2, or S specific to Rel-18 eRedCap UEs is needed.
· Option 2: If legacy default TDRA table and Δ are not reused, maybe define a new TDRA table for all UEs.
Observation 2: For eRedCap, 13 bits is needed for flexible Msg3 frequency resource allocation. 
Observation 3: For eRedCap, 1 bit of FDRA is reserved. And when frequency hopping is enabled, only 11/12 bits of FDRA can be used for Msg3 frequency resource allocation. 
Proposal 1: Option 3 is supported as following:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· New default TDRA table and Δ for Rel-18 eRedCap UEs, and values of new default TDRA table and Δ is larger than existing values.
· 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).
Proposal 2: For UE BB bandwidth reduction, when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception.
· For additional PDSCH processing time, the value of Y should be same as that of X.
Proposal 3: For UE BB bandwidth reduction, when the total number of PRBs for the two PDSCH (unicast and broadcast PDSCH) is not larger than 5MHz, the UE shall be able to decode a unicast PDSCH, and another broadcast PDSCH in non-overlapping PRBs.
Proposal 4: For UE BB bandwidth reduction, during a process of P-RNTI triggered SI acquisition or during a process of autonomous SI acquisition, when the total number of PRBs for the two PDSCH (Msg4 and broadcast PDSCH) is larger than 5MHz,
· if the PRBs for the Msg4 PDSCH is larger than 5MHz, the UE prioritizes to decode a broadcast PDSCH. 
· otherwise, the UE prioritizes to decode a Msg4 PDSCH.
Proposal 5: For UE BB bandwidth reduction, during a process of P-RNTI triggered SI acquisition, when the total number of PRBs for the two PDSCH (normal unicast and broadcast PDSCH) is larger than 5MHz, the UE prioritizes to decode a normal unicast PDSCH.
Proposal 6: For BB bandwidth reduction, Maximum 13 bits in the RAR UL grant are used for Msg3 resource allocation (15KHz SCS) regardless of Msg3 FH is enabled or disabled. 
Proposal 7: For UE BB complexity reduction, a UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 8: For UE peak data rated reduction supported as an add-on feature to UE BB bandwidth reduction, the constraint value X can be relaxed to 3.2.
[bookmark: _GoBack]Proposal 9: For UE peak data rated reduction supported as a standalone feature, the constraint value Y can be relaxed to 0.8.
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