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Introduction
With the conclusion of Rel-18 RedCap study item in [1], a revised work item on further NR UE complexity reduction was approved with the following objectives in [2]: 
	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, CT1 and CT4 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.
· Support additional separate early indication(s) [RAN1, RAN2]
· 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#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



Regarding the check point on whether standalone PR1 is supported, further agreements were made at RAN#99 meeting as follows [3].
	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



UE implementation options
Continued from our contribution to RAN #99 in [4], we question the value of specifying Option 1 if Option 2 is closer to the target peak data rate as analyzed in Table 1. Since “Option 2: combined BW3/PR3 + PR1” has been supported per RAN#99 agreements, the support for Option 1 becomes redundant and potentially causes market fragmentation. 
[bookmark: _Ref131795715]Proposal 1: Standalone UE BB bandwidth reduction (i.e., standalone BW3/PR3) is not supported. 
[bookmark: _Ref129296747]Table 1: Maximum data rate for the three UE design options 
	
	PRB
	vLayers·Qm·f
	SCS = 15kHz
	SCS = 30kHz

	Option 1: “Standalone BW3/PR3” 
	15kHz: 25 PRBs 30kHz: 12 PRBs
	4
	DL: 13.4 Mbps
UL: 14.3 Mbps
	DL: 12.8 Mbps
UL: 13.7 Mbps

	Option 2: “Combined BW3/PR3 + PR1”
	15kHz: 25 PRBs 30kHz: 12 PRBs
	3.2
	DL: 10.7 Mbps
UL: 11.4 Mbps
	DL: 10.3 Mbps
UL: 10.9 Mbps

	Option 3: “Standalone PR1” 
	15kHz: 106 PRBs
30kHz: 51 PRBs
	0.75
	DL: 10.6 Mbps
UL: 11.4 Mbps
	DL: 10.2 Mbps
UL: 10.9 Mbps



[bookmark: _Ref118741646]RAR PDSCH
At RAN1 #112 meeting, the following was agreed for RAR PDSCH scheduling and timeline for Msg3 preparation [5]. 
	Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
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”
· 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




Furthermore, the numbers of PRBs that UE can process per slot (or per hop if applicable) are agreed as follows [5]. 
	Agreement
For UE BB bandwidth reduction, for PUSCH, select the following option 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
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), select the following option 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
Note: No intention to change the RAN4 RF specifications about maximum transmission PRB number



As agreed, the processing capability of a Rel-18 eRedCap is limited to 25 PRBs and 12 PRBs with 15kHz SCS and 30kHz SCS, respectively. In our view, the X values can be determined in a very simple way. For example, if we agree eRedCap can only process 25 PRBs in SCS=15kHz, then X is 0 when RAR <= 25 PRBs, X is 1 when 25PRBs < RAR <= 50PRBs, and so on. For different SCSs, the values of X are determined by the number of PRBs, say N, allocated for RAR PDSCH as follows: 
· For 15kHz SCS, 
· X=0 ms if N<=25;
· X=1 ms if 25<N<=50;
· X=2 ms if 50<N<=75;
· X=3 ms if 75<N<=100;
· X=4 ms if 100<N.
· For 30kHz SCS, 
· X = 0 ms if N <= 12;
· X = 0.5 ms if 12<N<=24; 
· X = 1 ms if 24<N<=36; 
· X = 1.5 ms if 36<N<=48;
· X = 2 ms if 48<N. 

There is an apparent inconsistency between these two agreements. Majority wanted a single value for a given SCS. To make progress, we can compromise to X=2 and 1 msec for 15 and 30 kHz SCS, respectively, which are regarded as average values of our proposed values for different scenarios in the above. 
[bookmark: _Ref131794791][bookmark: _Ref131795722]Proposal 2: For the additional processing time for RAR PDSCSH,  X is 2 msec for 15kHz SCS and X is 1 msec for 30 kHz SCS. 
Simultaneous reception
On simultaneous reception, we have made the following conclusion at RAN1 #112 [5]. 
	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.



The current specification says the following about simultaneous decoding of two PDSCHs in RRC_IDLE and RRC_INACTIVE modes [6].
	The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.



For RRC_CONNECTED mode, the following specification in [6] implies that PDSCH with RA-RNTI or MSGB-RNTI (in other words, RACH) should be prioritized over unicast PDSCH. 
	The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time. 


Similar to legacy operation, eRedCap UE should prioritize the processing of PDSCH scheduled with RA-RNTI or MSGB-RNTI if the PDSCH overlaps in time with another PDSCH with C-RNTI, MSC-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI.
[bookmark: _Ref131795729]Proposal 3: If a PDSCH scheduled with RA-RNTI or MSGB-RNTI is not larger than 5MHz, eRedCap UE is not expected to decode a PDSCH with C-RNTI, MSC-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI in the same slot if the two PDSCHs partially or fully overlap in time. 
Moreover, if a received PDSCH with RA-RNTI or MSGB-RNTI is larger than 5MHz, the additional processing time of X msec should be allowed. Following Proposal 2, X is 2 msec in 15kHz SCS and 1 msec in 30kHz SCS. Before UE completes the decoding of this PDSCH with RA-RNTI or MSGB-RNTI, UE is not expected to decode another PDSCH. 
[bookmark: _Ref131795757]Proposal 4: If PDSCH scheduled with RA-RNTI or MSGB-RNTI is larger than 5MHz, eRedCap UE is not expected to decode another PDSCH in the same slot or in the following [2] slots. 

As to the simultaneous reception and decoding of a unicast PDSCH and a PDSCH with SI-RNTI, the current NR specification says the following in [6]. 
	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. 
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time. 
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.



Since we assume PDSCH with SI-RNTI is often larger than 5MHz, we don’t need to complicate the discussion by separating several cases. Because there is an ACK/NACK response required for a unicast PDSCH, we think eRedCap UE should prioritize the processing of a unicast PDSCH when it is in the same slot of a PDSCH with SI-RNTI. 
[bookmark: _Ref131795765]Proposal 5: eRedCap UE prioritizes the processing of a unicast PDSCH if there is a PDSCH with SI-RNTI in the same slot.  
Peak data rate reduction
Agreements related to peak rate reduction are listed below for reference and can be found in [5]. 
	Agreement:
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction, (replaced by later agreement)
· 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:
Revise the earlier agreement by removing the square brackets like this:
· 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:
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







Also note that the supported scaling factor values are 1, 0.8, 0.75, and 0.4 in current specifications. 
· 
is the scaling factor given by scalingFactor or scalingFactor-1024QAM-FR1 and can take the values 1, 0.8, 0.75, and 0.4. [TS 38.306]

Based on our analysis in Table 2, we think 3.2 (“X”) can be supported for the “combined BW3/PR3 + PR1) while 0.75 (“Y”) can be supported for the “standalone PR1.”
Observation 1: With X=3.0, the DL peak rate with 30kHz SCS is slightly less than the 10Mbps target. 
[bookmark: _Ref131795771]Proposal 6: For the case when UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, the constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 3.2. 
[bookmark: _Ref131795777]Proposal 7: For the case when UE peak data rate reduction is supported as a standalone feature, the constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 0.75.
[bookmark: _Ref131685579]Table 2: Peak data rate analysis for different values of vLayers·Qm·f
	
	PRB
	vLayers·Qm·f
	SCS = 15kHz
	SCS = 30kHz

	“Combined BW3/PR3 + PR1”
	15kHz: 25 PRBs 30kHz: 12 PRBs
	3.2
	DL: 10.7 Mbps
UL: 11.4 Mbps
	DL: 10.3 Mbps
UL: 10.9 Mbps

	
	
	3.0
	DL: 10.0 Mbps
UL: 11.7 Mbps
	DL: 9.65 Mbps
UL: 10.2 Mbps

	“Standalone PR1” 
	15kHz: 106 PRBs
30kHz: 51 PRBs
	0.75
	DL: 10.6 Mbps
UL: 11.4 Mbps
	DL: 10.2 Mbps
UL: 10.9 Mbps



Separate Msg1/MsgA PRACH Early Indication 
At RAN1 #111, the following agreements related to Msg2 and Msg3 scheduling were agreed. 
	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.



At RAN2 #121, the following was agreed. 
	· Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).
· We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.



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 2: No special handling is needed for scheduling R18 RedCap UE’s RAR PDSCH. 
[bookmark: _Ref121057529]Observation 3: It is nice but not deemed necessary to know R18 RedCap UEs’ identity when scheduling TDRA of Msg3. 
[bookmark: _Ref121057536]Observation 4: 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 5: 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 8: Rel-18 RedCap UEs share the same Msg1/MsgA PRACH early indication as Rel-17 RedCap UEs. 
[bookmark: _Ref121057567]Proposal 9: Separate early indication via Msg1/MsgA PRACH for Rel-18 RedCap UEs is not supported. 
Conclusion 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In the contribution, we have the following proposals.
Proposal 1: Standalone UE BB bandwidth reduction (i.e., standalone BW3/PR3) is not supported.
Proposal 2: For the additional processing time for RAR PDSCSH,  X is 2 msec for 15kHz SCS and X is 1 msec for 30 kHz SCS.
Proposal 3: If a PDSCH scheduled with RA-RNTI or MSGB-RNTI is not larger than 5MHz, eRedCap UE is not expected to decode a PDSCH with C-RNTI, MSC-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI in the same slot if the two PDSCHs partially or fully overlap in time. 
Proposal 4: If PDSCH scheduled with RA-RNTI or MSGB-RNTI is larger than 5MHz, eRedCap UE is not expected to decode another PDSCH in the same slot or in the following [2] slots.
Proposal 5: eRedCap UE prioritizes the processing of a unicast PDSCH if there is a PDSCH with SI-RNTI in the same slot.
Proposal 6: For the case when UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, the constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 3.2.
Proposal 7: For the case when UE peak data rate reduction is supported as a standalone feature, the constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 0.75.
Proposal 8: Rel-18 RedCap UEs share the same Msg1/MsgA PRACH early indication as Rel-17 RedCap UEs.
Proposal 9: Separate early indication via Msg1/MsgA PRACH for Rel-18 RedCap UEs is not supported.
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