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Introduction
This document discusses the UE complexity reduction for Rel-18 eRedCap. The following topics are discussed:
· UE BB bandwidth reduction
· [bookmark: _Hlk134695270]Timeline between RAR and Msg3 / additional Msg1 early indication
· Other potential timeline relaxations
· Simultaneous reception of unicast and P-RNTI triggered SI
· Simultaneous reception of unicast and autonomous SI
· SRS
· Separate initial DL/UL BWP
· UE peak rate reduction

Discussion
UE BB bandwidth reduction
Timeline between RAR and Msg3 / additional Msg1 early indication
The agreement made in RAN1 #112bis-e:
	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).



We propose to support Option 3. Regarding the value of X, X = 1/0.5 ms would be a good middle-ground considering the companies’ views on the processing feasibility. It would allow lower operation frequency to reduce the cost and power consumption but not too much delay. Given X = 0.5 ms for 30 kHz is supported, there are several invalid indices for eRedCap in the default TDRA table. Therefore, additional separate early indication via Msg1 allows that the NW can properly schedule those indices only for non-eRedCap UEs. Furthermore, additional separate Msg1 EI can be used to differentiate the Msg3 FDRA for eRedCap UEs (within 5 MHz of PRBs) and non-eRedCap UEs. Consequently, we support Option 3 while Option 4 is also acceptable.

We would like to update the formulation of the Option 3 as follows since the updated legacy default TDRA table or additional Δ can be adopted only for additional Msg1 EI. For the operation Msg1 is shared between eRedCap UEs and other UEs, legacy default TDRA table should be used without introducing additional Δ.

[bookmark: RAR_Msg3]Proposal 1:	Agree Option 3 with the minor-update:
· 		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).
· FFS: Whether legacy default TDRA table and Δ are reused.

Furthermore, we propose that the additional separate early indication in Msg1 for Rel-18 can be configured only when separate early indication in Msg1 for Rel-17 is NOT configured. We understand that this condition does not affect the UE side behavior, but the network complexity and test effort can be mitigated.

Proposal 2:	A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs can be configured only when separate early indication in Msg1 for Rel-17 is NOT configured.

Other potential timeline relaxations
The working assumption made in RAN1 #112bis-e:
	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



We propose that the same X value as RAR-to-Msg3 timeline relaxation should be applied for the cases above. It is because the influence on the PDSCH processing time would be similar to the case of RAR-to-Msg3 when RAR of above cases is larger than 25/12 PRBs.

Proposal 3:	The same X value as RAR-to-Msg3 timeline relaxation should be applied for other potential timeline relaxations.

[bookmark: _Hlk118314561]Simultaneous reception of unicast and P-RNTI triggered SI
This subsection is the update of [1].

In the current spec, the simultaneous reception of unicast PDSCH and P-RNTI triggered SIB PDSCH is required for a UE for FR1:
§5.1 [2]:
	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.



As shown in the left side of the Figure 1, unicast PDSCH (#1) may be scheduled in the next (back-to-back) slot to the slot containing FDMed broadcast (SI) and unicast (#0). Buffering of these PDSCH would be possible since the buffer size is assumed to be 20 MHz (according to the past conclusion). But, if the UE is to decode unicast #0 and broadcast (the right side of the Figure 1) of slot n, the on-time decoding of unicast #1 of slot n+1 would not be possible. On the other hand, if the UE is to decode two unicasts #0 and #1 first, the broadcast needs to be kept in the buffer until the finish of the broadcast decoding, which would result in the shortage of the buffer at the time of reception of the next broadcast. Therefore, mandating the simultaneous decoding of the unicast and P-RNTI triggered SI without scheduling restriction increases the UE complexity.
[image: ]
[bookmark: _Ref134697684]Figure 1: simultaneous reception and back-to-back unicast scheduling

Based on the discussion above, the simultaneous decoding of the unicast and P-RNTI triggered SI should not be mandated in order to avoid complexity increase. Since the P-RNTI triggered SI is more important information for the network system operation, we propose that an eRedCap UE may skip decoding of unicast PDSCH which is FDMed with P-RNTI triggered SIB. It is the similar behavior to the legacy UE behavior as if the unicast PDSCH requires Capability 2 processing time. Therefore, we expect the network operation is not required to be modified. The exact description would be as follows:

[bookmark: simul]Proposal 4:	The eRedCap UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI 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.

1.1.1 Simultaneous reception of unicast and autonomous SI
The conclusion made in RAN1 #112bis-e:
	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



The remaining issue is the simultaneous reception of Msg4 PDSCH scheduled by TC-RNTI and autonomous SI. In the legacy spec, whether the UE is expected to decode Msg4 is not clarified. Then it would be up to the UE implementation. For the eRedCap UE as well, the same principle can be applied without any problem. No spec change is required.

Proposal 5:	Whether the eRedCap UE decodes a PDSCH scheduled with TC-RNTI during a process of autonomous SI acquisition is up to the UE implementation. No spec change is required.

SRS
This subsection is the resubmission of [1].

The FL proposal in RAN1 #112 [3]:
	FL6 Medium Priority Question 2.10-1a:
Should the SRS bandwidth be limited to 5 MHz as for other uplink transmissions?



It is proposed that the SRS bandwidth is reduced to 5 MHz. In our view, the following aspects should be discussed:
RF BW can be reduced to the BW corresponding to 25/16 PRBs for 15/30 kHz SCS (16 PRBs at least are required for maximum PUCCH scheduling). A small cost reduction is expected by the SRS bandwidth limitation because of the potential RF BW reduction.
There would be some performance loss on channel state estimation since the simultaneous SRS transmission spanning 20 MHz is impossible, although it can be recovered by the frequency hopping.
WID needs to be updated as that 5 MHz BB bandwidth limitation is applied for SRS as well as PDSCH/PUSCH.

Proposal 6:	The merit of SRS BW reduction to 5 MHz is not so large but the demerit is also not so large. RAN1 can continue the discussion.

Separate initial DL/UL BWP
This subsection is the resubmission of [1].

Regarding the separate initial DL/UL BWP, we recommend that the following cases should separately be discussed for the better clarification:
· For a cell supporting both Rel-18 eRedCap UEs and Rel-17 RedCap UEs
· For a cell supporting Rel-18 eRedCap UEs and barring Rel-17 RedCap UEs

For a cell supporting both Rel-17 RedCap and Rel-18 eRedCap UEs
The current RAN1 situation is as follows:
	Agreement: (RAN1 #110bis-e)
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs (replaced by later agreement)

Conclusion: (RAN1 #112)
There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell”.



According to the agreement above, the case that the Rel-17 RedCap UEs and Rel-18 eRedCap UEs share the separate initial BWP is supported. On the other hand, there is no consensus to support the case that the separate initial BWP specific to the Rel-17 RedCap and that specific to Rel-18 eRedCap are simultaneously be configured.

The remaining case is that the separate initial BWP is configured only for the Rel-18 eRedCap UEs where Rel-17 RedCap UEs use the shared initial BWP with non-RedCap UEs. We propose to support this case as well. Allowing the case is beneficial for scheduling flexibility while the NW complexity or test effort would not increase so much. From RAN1 perspective, we propose that separate initial DL/UL BWP specific to Rel-18 eRedCap UEs can be configured only when the BWP specific to Rel-17 RedCap UEs is NOT configured, but the detail of the configuration should be up to RAN2.

[bookmark: BWP]Proposal 7:	For a cell supporting both Rel-17 RedCap and Rel-18 eRedCap UEs, separate initial DL/UL BWP specific to Rel-18 eRedCap UEs can be configured only when the separate initial DL/UL BWP specific to Rel-17 RedCap UEs is NOT configured. The detail of the configuration is up to RAN2.

For a cell supporting Rel-18 eRedCap UEs and barring Rel-17 RedCap UEs
In this case, there is no agreement yet whether separate initial BWP can be configured for Rel-18 eRedCap UEs. We propose that the separate initial BWP can be configured for Rel-18 eRedCap UEs. It is beneficial for the traffic offloading and separate scheduling between non-RedCap UEs and Rel-18 eRedCap UEs, like the case between non-RedCap UEs and Rel-17 RedCap UEs. The detail of the configuration can be as follows while the decision on this should also be up to RAN2:
· The configuration is given to the UEs via Rel-17 part of SIB signaling; it may be a bit tricky since Rel-17 RedCap is barred by the NW.
· The configuration is given to the UEs via Rel-18 part of SIB signaling.

Proposal 8:	For a cell supporting Rel-18 eRedCap UEs and barring Rel-17 RedCap UEs, the configuration of separate initial DL/UL BWP for Rel-18 eRedCap UEs should be supported. The detail of the configuration is up to RAN2.

UE peak rate reduction
The agreement made in RAN #99 [4]:
	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



Our interpretation of the RAN agreement above is the Rel-18 eRedCap UE with and without BW3/PR3 are designed/targeted to same peak data rate i.e., 10 Mbps as described in the first sentence. Originally, UE with PR1 only was proposed for early implementation/deployments. Also, it was proposed to discuss whether the UE is to have higher than 10 Mbps peak rate [5] i.e., whether to allow the “middle-class UE” lower than RedCap UE but higher than 10 Mbps peak rate. But finally, UE with PR1 only was compromised to 10 Mbps peak rate in order to avoid the market fragmentation. Therefore, we interpreted not to allow the middle-class UE is the reason that UE with PR1 only is to support 10 Mbps peak rate. If 20 Mbps or such middle-class UE is allowed, there is no reason to support UE with PR1 only which supports 10 Mbps peak rate.

If RAN or RAN1 view is there are the need of the middle-class UE which is lower than RedCap UE but higher than 10 Mbps peak rate, instead of to discuss whether to support scaling the capability or not, it would be more straight-forward to discuss/down-select the combinations of {vLayers, Qm, f} which can be reported by each UE type with and without BW3/PR3.

In the Table 1, the DL peak rates corresponding to the potential combinations of {vLayers, Qm, f} are calculated based on [6]. 10 Mbps can be achieved by the green-colored combinations which can at least be reported by the eRedCap UE. Please note that the report of {vLayers, Qm, f} is intended only for the peak rate (max TBS) capability. For example, the UE can still support Qm = 6 or more as a modulation/demodulation capability as well as the legacy UEs even if Qm = 2 is used for peak rate calculation.
For UE with BB bandwidth reduction: {vLayers, Qm, f} = {1, 4, 0.8}
For UE without BB bandwidth reduction: {vLayers, Qm, f} = {1, 2, 0.4}

If middle-class UE which supports more than 10 Mbps needs to be introduced, the yellow-colored combinations can also be considered. However, the peak rate 60 Mbps or more should not be discussed since it is beyond the minimum peak rate of the Rel-17 RedCap UEs and then can cause the market fragmentation.
For UE without BB bandwidth reduction: {vLayers, Qm, f} = {1, 4, 0.4} or {2, 4, 0.4}
[bookmark: _Ref134717010]Table 1: DL peak rate calculated based on [6]
	
	vLayers
	Qm
	BW3/PR3+PR1 peak rate [Mbps]
(Minimum f is selected to achieve 10 Mbps)
	20MHz+PR1 peak rate [Mbps]
(Minimum f is selected to achieve 10 Mbps)
	Rel-17 RedCap min. peak rate [Mbps]
vLayers·Qm·f ≥ 4

	Rel-18
eRedCap:
Potential capability report
	1
	2
	N/A
(Cannot achieve 10 Mbps)
	11.3/10.9 (f=0.4)
	-

	
	1
	4
	10.7/10.3 (f=0.8)
	22.7/21.8 (f=0.4)
	-

	
	1
	6
	15.0/14.4 (f=0.75)
	34.0/34.7 (f=0.4)
	-

	
	1
	8
	10.7/10.3 (f=0.4)
	45.4/43.7 (f=0.4)
	-

	
	2
	4
	10.7/10.3 (f=0.4)
	45.4/43.7 (f=0.4)
	-

	
	2
	6
	16.1/15.4 (f=0.4)
	68.1/65.5 (f=0.4)
	-

	
	2
	8
	21.4/20.5 (f=0.4)
	90.7/87.3 (f=0.4)
	-

	Rel-17
RedCap:
Min. capability report
	1
	6
	-
	-
	63.8/61.4 (f=0.75)

	Note: xx/yy [Mbps] corresponds to the peak rate for 15/30 kHz SCS



[bookmark: peakRate]Proposal 9:	Directly discuss/down-select the combinations of {vLayers, Qm, f} for each UE type with and without UE BB bandwidth reduction.
Proposal 10:	Support the combinations of {vLayers, Qm, f} at least:
· For UE with BW3/PR3: {vLayers, Qm, f} = {1, 4, 0.8}
· For UE without BW3/PR3: {vLayers, Qm, f} = {1, 2, 0.4}

Conclusion
Regarding timeline between RAR and Msg3 / additional Msg1 early indication:
Proposal 1:	Agree Option 3 with the minor-update:
· 		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).
· FFS: Whether legacy default TDRA table and Δ are reused.
Proposal 2:	A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs can be configured only when separate early indication in Msg1 for Rel-17 is NOT configured.

Regarding other potential timeline relaxations:
Proposal 3:	The same X value as RAR-to-Msg3 timeline relaxation should be applied for other potential timeline relaxations.

Regarding simultaneous reception of unicast and P-RNTI triggered SI:
Proposal 4:	The eRedCap UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI 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.

Regarding simultaneous reception of unicast and autonomous SI:
Proposal 5:	Whether the eRedCap UE decodes a PDSCH scheduled with TC-RNTI during a process of autonomous SI acquisition is up to the UE implementation. No spec change is required.

Regarding SRS:
Proposal 6:	The merit of SRS BW reduction to 5 MHz is not so large but the demerit is also not so large. RAN1 can continue the discussion.

Regarding separate initial DL/UL BWP:
Proposal 7:	For a cell supporting both Rel-17 RedCap and Rel-18 eRedCap UEs, separate initial DL/UL BWP specific to Rel-18 eRedCap UEs can be configured only when the separate initial DL/UL BWP specific to Rel-17 RedCap UEs is NOT configured. The detail of the configuration is up to RAN2.
Proposal 8:	For a cell supporting Rel-18 eRedCap UEs and barring Rel-17 RedCap UEs, the configuration of separate initial DL/UL BWP for Rel-18 eRedCap UEs should be supported. The detail of the configuration is up to RAN2.

Regarding UE peak rate reduction:
Proposal 9:	Directly discuss/down-select the combinations of {vLayers, Qm, f} for each UE type with and without UE BB bandwidth reduction.
Proposal 10:	Support the combinations of {vLayers, Qm, f} at least:
· For UE with BW3/PR3: {vLayers, Qm, f} = {1, 4, 0.8}
· For UE without BW3/PR3: {vLayers, Qm, f} = {1, 2, 0.4}
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