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Introduction
A new work item on further NR UE complexity reduction was approved with the following objectives in [1]. In this contribution, we share our views on some of the remaining issues identified in the WID, specifically about whether to support separate early indication for Rel-18 eRedCap UEs.
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Separate Early Indication 
Separate Msg1/MsgA PRACH Early Indication 
	RAR bandwidth
Agreement:
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

Msg3 bandwidth
Agreement:
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



Separate early indication via PRACH is needed only when gNB needs to schedule Msg2 and Msg3 for R18 RedCap UEs in a different way than R17 RedCap. Per the above RAN1 agreements, Msg2 needs no special handling for R18 RedCap UEs since RAR PDSCH for R18 RedCap UEs can be larger than 5MHz in terms of PRBs as in legacy operation. 
As to Msg3 scheduling, at least two aspects can be considered. One is time-domain resource allocation (TDRA) and the other is frequency-domain resource allocation (FDRA). 
For TDRA, as agreed in RAN1, only when RAR PDSCH is larger than 5MHz, gNB may need to configure TDRA of Msg3 in a way that takes R18 RedCap reduced processing capability into consideration. However, RAR PDSCH larger than 5MHz should not be a typical case since gNB should allocate sufficient PRACH resources to have a reasonable target PRACH collision rate. In addition, even when RAR PDSCH is indeed larger than 5MHz (which in our view should not be a typical case), gNB can schedule Msg3 for all UEs in the same way and does not need to know the UE’s identify. For example, in some TDD configurations, gNB can schedule Msg3 in a way that automatically satisfies the new timeline requirement without impacting on legacy UEs. Alternatively, gNB can schedule Msg3 for all UEs in a way that satisfies the legacy timeline requirement but not the new timeline requirement. In this case, Rel-18 RedCap UEs that may not be able to meet the legacy processing timeline can drop the Msg3 (initial) transmission and perform HARQ retransmission later once it receives a retransmission grant. Therefore, the consequence of not able to distinguish R18 RedCap UEs from R17 RedCap UEs for Msg3 scheduling is insignificant. 
For FDRA, the typical TBS of Msg3 is small (56 bits or 72 bits), and hence RAN1 agreed to confine Msg3 for R18 RedCap to 5MHz. For cases where R18 RedCap UE need to transmit a Ms3 of a larger TBS, it can indicate the need for Msg3 repetition, one of the Msg3 coverage enhancement schemes from R17. Therefore, no strong motivation is identified for Msg3 scheduling/transmission in the frequency domain. 
For Msg3 intra-slot frequency hopping, R18 RedCap UEs perform the same hopping behavior as R17 RedCap UEs if the related configurations (e.g. Msg3 FDRA and initial UL BWP) are the same which again in our view are reasonable assumptions. 
Regarding RACH-based small data transmission (RA-SDT), its initial transmission is performed by a RACH procedure. In our view, the handling of Msg2 and Msg3 can be similar to the above. Again, we don’t see strong motivation for supporting separate early indication via Msg1/MsgA PRACH for R18 RedCap UEs. 
Finally, dedicated PRACH resources/preambles can be configured for multiple Rel-17 features including RedCap, Slicing, SDT and MSG3-Repetitions for Coverage Enhancements. Since PRACH resources are expensive to network, we believe further PRACH fragmentation should be avoided unless deemed necessary. 
[bookmark: _Ref121057522]Observation 1: No special handling is needed for scheduling R18 RedCap UE’s RAR PDSCH. 
[bookmark: _Ref121057529]Observation 2: It is nice but not deemed necessary to know R18 RedCap UEs’ identity when scheduling TDRA of Msg3. 
[bookmark: _Ref121057536]Observation 3: The typical TBS size of Msg3 is small and Msg3 PUSCH can be confined to 5MHz. There is no need for gNB to know R18 RedCap UE’s identify for scheduling FDRA of Msg3 in the typical case. 
[bookmark: _Ref121057543]Observation 4: When R18 RedCap UEs need to transmit a Msg3 of a larger TBS than the typical use case, it can indicate the need for Msg3 repetition. 
[bookmark: _Ref121057561]Proposal 1: Rel-18 RedCap UEs share the same Msg1/MsgA PRACH early indication as Rel-17 RedCap UEs. 
[bookmark: _Ref121057567]Proposal 2: Separate early indication via Msg1/MsgA PRACH for Rel-18 RedCap UEs is not supported. 
Separate Msg3/MsgA PUSCH Early Indication  
	Unicast PDSCH bandwidth
Agreement:
· For UE BB complexity reduction, 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.
· The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e
Number of PRBs
Agreement:
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH and PUSCH.



With the above agreements, the number of PRBs allocated for Msg4 PDSCH which is regarded as unicast should not be larger than 5MHz. However, unlike Msg3 whose typical TBS is small (about 56bits or 72bits), TBS for Msg4 is around 1000bits. (Note: 1040bits were assumed for Msg4 for simulation in SI phase.) If Rel-18 RedCap UEs cannot be distinguished from Rel-17 RedCap UEs by Msg3, gNB will have to confine Msg4 PDSCHs to 5MHz in terms of PRBs for both Rel-17 RedCap and Rel-18 RedCap UEs. Based on our link-level simulation results in [2], this reduction of number of scheduled PRBs causes a 7.4dB and 7.7dB performance loss compared to the reference Rel-17 RedCap UE when the number of PRBs for scheduling is reduced from 48PRBs to 11 and 12 PRBs, respectively, in TDD with 30kHz SCS. Therefore, we think separate early indication via Msg3/MsgA PUSCH is needed for R18 RedCap UEs in order to schedule its Msg4 PDSCH properly without impacting on legacy non-RedCap and Rel-17 Redcap UEs.
Table 1: Summary of required SNR values for Msg4 PDSCH among Rel-17 and Rel-18 RedCap UEs at target BLER = 10% in TDD deployment at 2.6GHz with 30kHz SCS based on our simulation results in [2]
	Deployment scenario: TDD at 2.6GHz with 30kHz SCS
	Required SNR at BLER=10%
	SNR Degradation w.r.t. Rel-17 RedCap

	Rel-17 RedCap UE (Tx:48PRBs, Rx: 48PRBs)
	-1.8 dB
	N/A

	Rel-18 RedCap UE with 11PRBs (Tx 11PRBs, Rx: 11PRBs)
	5.9 dB
	7.7 dB

	Rel-18 RedCap UE with 12PRBs (Tx 12 PRBs, Rx: 12 PRBs)
	5.6 dB
	7.4 dB



[bookmark: _Ref121057551]Observation 5: About 7.4dB (and 7.7dB) link performance is observed when Msg4 PDSCH is scheduled to 11PRBs (and 12PRBs, ~5MHz) instead of 48 PRBs (~20MHz) in TDD with 30kHz SCS from [2].
[bookmark: _Ref121057573]Proposal 3: Separate early indication via Msg3/MsgA PUSCH for R18 RedCap UEs is supported.
· It should be always enabled by gNB at least in the cases when initial BWP for Rel-17 RedCap UEs is larger than 5MHz. 
Conclusions 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In the contribution, we share our views on whether/how to support separate early indication for R18 RedCap UEs. We have made the following observations and proposals. 
Observation 1: No special handling is needed for scheduling R18 RedCap UE’s RAR PDSCH.
Observation 2: It is nice but not deemed necessary to know R18 RedCap UEs’ identity when scheduling TDRA of Msg3.
Observation 3: The typical TBS size of Msg3 is small and Msg3 PUSCH can be confined to 5MHz. There is no need for gNB to know R18 RedCap UE’s identify for scheduling FDRA of Msg3 in the typical case.
Observation 4: When R18 RedCap UEs need to transmit a Msg3 of a larger TBS than the typical use case, it can indicate the need for Msg3 repetition.
Observation 5: About 7.4dB (and 7.7dB) link performance is observed when Msg4 PDSCH is scheduled to 11PRBs (and 12PRBs, ~5MHz) instead of 48 PRBs (~20MHz) in TDD with 30kHz SCS from [2].
Proposal 1: Rel-18 RedCap UEs share the same Msg1/MsgA PRACH early indication as Rel-17 RedCap UEs.
Proposal 2: Separate early indication via Msg1/MsgA PRACH for Rel-18 RedCap UEs is not supported.
Proposal 3: Separate early indication via Msg3/MsgA PUSCH for R18 RedCap UEs is supported.
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