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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][bookmark: OLE_LINK7]In RAN1-112b, the X value when scheduling RAR PDSCH is greater than the maximum number of unicast PRBs for eRedCap UE, and whether separate early indications in Msg1 can be supported for R18 eRedCap UE, are discussed. There are four options available for down-selection.
	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.
· [bookmark: OLE_LINK105]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).d



[bookmark: OLE_LINK103]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: The reference SCS of X needs to be clarified.

[bookmark: OLE_LINK104][bookmark: OLE_LINK159]According to the RAR grant, the UE will transmit msg3 on slot n+K2+Δ. Where n is the ending slot index for UE receives the RAR PDSCH, and K2 is indicated by the TDRA field in the grant. The scheduled timing gap between the PDSCH and PUSCH consists of three parts: the unallocated symbols for PDSCH in slot n ending, the K2+Δ-1 slots indicated by grant, and the unallocated symbols for PUSCH in slot n+K2+Δbeginning. And the scheduling timing gap should be larger than the time determined by NT,1+ NT,2+X+0.5ms, where the reference SCS for NT,1+ NT,2 is the smaller SCS of DL and SCS of UL. In Table 1, the required number of symbols based on PUSCH SCS to satisfy the timing gap is listed with the assumption that the reference SCS for X is SCS of PDSCH.
[bookmark: OLE_LINK8]Table 1: the number of symbols within the minimal timing gap with different X values
	
	NT,1+ NT,2+X+0.5 @ X= 0.5/0.25
	NT,1+ NT,2+X+0.5 @X=1/0.5

	
	µPUSCH=0
	µPUSCH=1
	µPUSCH=0
	µPUSCH=1

	µPDSCH=0
	31+7 = 38
	(31+7)*2=76
	31+14 = 45
	(31+14)*2 = 90

	µPDSCH=1
	31+4 = 34
	39+7 = 46
	31+7 = 38
	39+14 = 53



[bookmark: OLE_LINK120]In Table 2, it shows the symbols between the slot of RAR PDSCH and the first symbol of msg3 PUSCH for rows when the default PUSCH TDRA table is applied. For the freedom of PDSCH resource allocation, potential unallocated symbols in the PDSCH slot are not included.
Table 2: The available symbols for timing gap using Default PUSCH TDRA table
	Row index
	PUSCH mapping type
	K2
	S
	L
	(K2+Δ-1)*14+S

	
	
	
	
	
	[bookmark: OLE_LINK160]µPUSCH=0
	µPUSCH=1

	1
	Type A
	j
	0
	14
	28
	42

	2
	Type A
	j
	0
	12
	28
	42

	3
	Type A
	j
	0
	10
	28
	42

	4
	Type B
	j
	2
	10
	30
	44

	5
	Type B
	j
	4
	10
	32
	46

	6
	Type B
	j
	4
	8
	32
	46

	7
	Type B
	j
	4
	6
	32
	46

	8
	Type A
	j+1
	0
	14
	42
	56

	9
	Type A
	j+1
	0
	12
	42
	56

	10
	Type A
	j+1
	0
	10
	42
	56

	11
	Type A
	j+2
	0
	14
	56
	70

	12
	Type A
	j+2
	0
	12
	56
	70

	13
	Type A
	j+2
	0
	10
	56
	70

	14
	Type B
	j
	8
	6
	36
	50

	15
	Type A
	j+3
	0
	14
	70
	84

	16
	Type A
	j+3
	0
	10
	70
	84



[bookmark: OLE_LINK121]Comparing the required minimal gap in the table1 with the available timing for msg3 grant in table2, we can find that if the X of 0.5/0.25 is selected, only the two last rows can meet the minimal timing requirement for all SCS combinations, For the case of X of 1/0.5, all rows cannot satisfy the minimal timing requirement for all SCS combinations. And in both cases, all rows with type B mapping cannot be used. To keep the flexibility for resource allocation, We think some timing extension should be considered when the default TDRA table is applied.  
Regarding the early indication, we think gNB can support an additional separate early indication for R18 eRedCap UE to acquire the correct resource allocation to satisfy the msg3 bandwidth restriction and msg2 timing requirement for eRedCap UE.
[bookmark: OLE_LINK122]Proposal 2: For X value and early indication, option3(1st) and option4(2nd) can be considered.
Proposal 3: Additional timing extension for msg3 transmission should be considered when the default TDRA table is applied.
Msg4 reception
[bookmark: OLE_LINK3]In RAN1-112b, the working assumption was confirmed that the msg4 follows the same PRB number restriction as unicast PDSCH.
	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.



Since msg3 early indication has been supported for eRedCap UE, the gNB can know the UE type before msg4 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. UE may think the PDSCH is not correctly decoded if the scheduled bandwidth is larger than 25/12 PRBs and no specific impact is expected. 
Proposal 4: No new specification impact is expected for msg4 reception.
[bookmark: OLE_LINK16]PDSCH reception
On the supporting for PDSCHs reception with time overlapping, 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 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



[bookmark: OLE_LINK41]We think the TC-RNTI scheduled PDSCH overlaps with PDSCH scheduled by P-RNTI/SI-RNTI can be similarly processed as the RA-RNTI scheduled PDSCH, the same conclusion of no relaxation for msg4 is also applicable. 
[bookmark: OLE_LINK10]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 5: 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: The reference SCS of X needs to be clarified.
Proposal 2: For X value and early indication, option3(1st) and option4(2nd) can be considered.
Proposal 3: Additional timing extension for msg3 transmission should be considered when the default TDRA table is applied.
Proposal 4: No new specification impact is expected for msg4 reception.
Proposal 5: eRedCap UE should support two time-overlapping PDSCH receptions in those cases RedCap UEs already supported.
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