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[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]eRedCap devices with reduced bandwidth and peak data have been discussed in previous meetings, and in this contribution, some impacts on further bandwidth reduction are discussed.
Discussion
Msg3 transmission
[bookmark: OLE_LINK37][bookmark: OLE_LINK14][bookmark: OLE_LINK17]In the last meeting, an additional time relaxation X ms larger than zero is agreed upon for the case of scheduled RAR PDSCH larger than the maximum number of unicast PRBs for eRedCap UE. It brings some new issues for the RA procedure.
	Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
[bookmark: OLE_LINK60]For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the 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 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH

For the “FFS: value(s) of X”
· [bookmark: OLE_LINK59]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



We have agreed that the value of X depends on a certain SCS, and the SCS determination needs to be clarified first. When determining the other parts of the timing gap, i.e. NT,1 and NT,2, when PDSCH SCS and PUSCH SCS are not the same, NT,1 and NT,2 are related to N1 and N2 symbols, corresponding to processing time related to the smaller of the SCS configuration of PDSCH and PUSCH. Thus, the SCS used to determine X can also refer to the smaller SCS of PDSCH and PUSCH. On the other hand, X is a timing relaxation that is only related to the bandwidth of PDSCH, X can also be referred only to PDSCH SCS.
Proposal 1: Two options can be considered for the reference SCS of X:
   Option 1: X depends on the SCS of PDSCH.
   Option 2: X depends on the smaller SCS of PDSCH and PUSCH.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Another problem is that the value of X needs to be selected one from three candidate pairs. Since the size of msg2 is mostly small, and the peak data rate of msg2 is always less than the peak data rate of 10Mbps, we think that choosing [0.5/0.25ms] is sufficient for the time relaxation.
Proposal 2: Support [0.5/0.25]ms for the X value.
When X is greater than 0, the timing of many rows in the default TDRA table cannot meet the minimum gap with the additional X ms. For example, when PDSCH SCS is 15kHz, PUSCH SCS is 30kHz, and X is 0.5ms, the minimum gap determined by NT,1+ NT,2+X+0.5ms is approximately 76 symbols in 30kHz SCS, which is larger than the timing indicated by the most of rows in the default PUSCH FDRA table. In order not to limit the flexibility of PDSCH and PUSCH scheduling, some options can be considered for the scheduling timing extension when the bandwidth of RAR PDSCH is larger than 5MHz:
Option 1: gNB can indicate an additional time offset, e.g. 1 slot, for PUSCH transmission
Option 2: UE applies a new default TDRA table
Option 3: UE applies pusch-timeDomainAllocationList-eRedCap 
[bookmark: OLE_LINK40][bookmark: OLE_LINK10]Option 1 seems sufficiently flexible and can be considered the preferred solution. 
Proposal 3:  A timing extension for msg3 scheduling should be considered when the bandwidth of RAR PDSCH is larger than 5MHz.
Early indication

For 4-step RA, when the bandwidth of initial DL or UL BWP is larger than 5MHz, to make sure gNB can schedule proper bandwidth and timing for msg3 transmission in RAR UL grant, msg1 early indication should be supported. And for other cases, the eRedCap UE can share the same RA resource with RedCap UE if it is applicable.
For two-step RA, the maximum number of msgA PUSCH PRBs configured for RedCap UE is up to 32, which is greater than the maximum number of PRBs for eRedCap UE. If the number of PRBs configured for RedCap UE is less than the maximum number of PRBs, eRedCap UE can share two-step RA resources directly with RedCap UE for msgA transmission. If the configured number of msgA PUSCH PRB is greater than the maximum number of PRBs for the eRedCap UE, the UE can use a lower maximum number of PRBs for msgA PUSCH transmission, which can alleviate the overhead of further resource splitting. 
Proposal 4: msg1/msgA early indication can be supported for eRedCap UE.
Msg4/msgB bandwidth
[bookmark: OLE_LINK3]The working assumption assumes that the msg4 follows the same PRB number restriction as unicast PDSCH.
	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.



Since msg3/msgA early indication has been supported for eRedCap UE, the gNB can know the UE type before msg4/msgB scheduling, so the eRedCap UE should not be required to process a PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. 
Proposal 5: Confirm the work assumption for msg4 processing.
Proposal 6: 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.
[bookmark: OLE_LINK13]FDRA
In BWP up to 20MHz, PDSCH and PUSCH scheduling bandwidth is limited to less than 5 MHz for eRedCap UE, and the PRBs may be allocated flexibly in the whole band of BWP. for PDSCH, To keep compatible with RedCap UE, the DCI format 1_0 should keep the same size and field as for other UEs. and there is no need for any FDRA optimization.
Proposal 7: Don’t support FDRA and DCI size optimization for PDSCH/PUSCH 
[bookmark: OLE_LINK16]PDSCH reception
Legacy UE including R17 RedCap UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs with resources partially or fully overlapping in time in non-overlapping PRBs in some cases. e.g., the two PDSCHs are scheduled with SI-RNTI, P-RNTI, RA-RNTI, or TC-RNTI scrambled DCI; or one PDSCH is scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scrambled DCI and another PDSCH is SIB message during a process of P-RNTI triggered SI acquisition. In the last meeting, it has been concluded the simultaneous reception of PDSCH scheduled by SI-RNTI, P-RNTI, and RA-RNTI scrambled DCI is supported without additional relaxation.
	Conclusion
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.


[bookmark: OLE_LINK41]Considering the PDSCH scheduled by TC-RNTI scrambled DCI may never overlap with PDSCH scheduled by RA-RNTI scrambled DCI, and that the TC-RNTI scheduled PDSCH overlaps with PDSCH scheduled by P-RNTI/SI-RNTI can be similarly processed as the RA-RNTI, the same conclusion of no relaxation for msg4 is also applicable. 
For another case, one PDSCH is scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI scrambled DCI, and another PDSCH is a SIB message during P-RNTI triggered SI acquisition, since there is no strict timing limit for processing of SI-RNTI or P-RNTI scheduled PDSCH, UE can also support parallel reception and processing by UE implementation, for example, by processing in multiple slots to reduce the data processing rate.
[bookmark: OLE_LINK18]Proposal 8: eRedCap UE should support two time-overlapping PDSCH receptions in those cases RedCap UEs already supported.
Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Two options can be considered for the reference SCS of X:
   Option 1: X depends on the SCS of PDSCH.
   Option 2: X depends on the smaller SCS of PDSCH and PUSCH.
Proposal 2: Support [0.5/0.25]ms for the X value.
Proposal 3: A timing extension for msg3 scheduling should be considered when the bandwidth of RAR PDSCH is larger than 5MHz.
Proposal 4: msg1/msgA early indication can be supported for eRedCap UE.
Proposal 5: Confirm the work assumption for msg4 processing.
Proposal 6: 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 7: Don’t support FDRA and DCI size optimization for PDSCH/PUSCH. 
Proposal 8: eRedCap UE should support two time-overlapping PDSCH receptions in those cases RedCap UEs already supported.
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