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1	Introduction
One of the objectives of the Rel-18 work item on “Enhanced support of reduced capability NR devices” is to specify support for the following further UE complexity reduction features [1]:
	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



For the above objective, a RAN1 agreement summary can be found in [2], and a feature lead summary for the last RAN1 meeting can be found in [3].
In this contribution, we present our views on open issues for Rel-18 UE complexity reduction features, i.e., UE peak data rate reduction (a.k.a. “PR1”) and UE BB bandwidth reduction (a.k.a. “BW3/PR3”). The nicknames for the UE complexity reduction features (“PR1” and “BW3/PR3”) originate from TR 38.865 [4].
2	UE BB bandwidth reduction (a.k.a. “BW3/PR3”)
In the following subsections, we provide our views on open issues for UE baseband (BB) bandwidth reduction.
2.1	PUSCH TDRA specific to eRedCap
RAN1#113 made the following agreement regarding random access timeline and early indication:
	Agreement: 
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· 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).
· When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs.
· Note: Rel-18 eRedCap UEs will be differentiated from Rel-17 RedCap UEs based on Msg3 of Rel-18 eRedCap UEs.
· Additional early indication in MsgA PRACH is not supported.




Based on the analysis in [5], for X = 1/0.5 ms for 15/30 kHz SCS:
· Entries with j or j+1 for 15 kHz and entries with j for 30 kHz in the default PUSCH TDRA table (Table 6.1.2.1.1-2 of TS 38.214 [6]) are invalid. 
· The other entries (with j+2 or j+3 for 15 kHz, and j+1, j+2 or j+3 for 30 kHz) are valid.
That is, 10 out of 16 entries for 15 kHz and 7 out of 16 entries for 30 kHz in the default TDRA table are invalid for RAR PDSCH larger than 5 MHz. Clearly, this significantly reduces the scheduling flexibility of eRedCap UEs. 
Instead of relying on the default TDRA table, the network has the possibility to configure PUSCH time domain allocation (i.e., K2, start symbol and length of the allocation) in SIB1. More specifically, by configuring pusch-TimeDomainAllocationList in pusch-ConfigCommon in SIB1, the network can set specific values of K2, start symbol, and length of the (Msg3) PUSCH allocation. If the pusch-TimeDomainAllocationList is configured, the network applies the values in this list and not those in the default TDRA table. The pusch-TimeDomainAllocationList provides better scheduling flexibility than the default TDRA table, but at the expense of additional SIB1 overhead. 
In the existing specification, the PUSCH-TimeDomainResourceAllocationList is common to all UEs or to all RedCap UEs in the cell, depending on whether separate initial BWP is configured. In our view, due to the relaxation of Msg2-Msg3 timeline by 1/0.5 ms, it is beneficial to have a PUSCH-TimeDomainResourceAllocationList that is specific to Rel-18 eRedCap UEs. This would enable the network to configure the relaxed timeline specifically for eRedcap UEs, without impacting regular NR UEs or Rel-17 RedCap UEs.
[bookmark: _Toc142661144]Support PUSCH TDRA in pusch-ConfigCommon that is specific to Rel-18 eRedCap UEs.
· [bookmark: _Toc142661145]Detailed signaling solution is up to RAN2. 
2.2	Simultaneous reception
RAN1#112 and RAN1#113 made the following conclusion and agreement about simultaneous reception of two broadcast transmissions [2]:
	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.

Agreement: 
· For UE BB complexity reduction, for RRC_IDLE and RRC_INACTIVE, there is no need to relax the requirements on simultaneous reception of two PDSCH transmissions for SIB1 / OSI / paging / RAR / Msg4 scheduled by TC-RNTI for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· Note: This means that the following paragraph in TS 38.214 clause 5.1 still applies for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS:
· “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.”





So, for simultaneous reception of two broadcast transmissions (including Msg4), the following applies [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.



Currently, the following is specified for simultaneous reception of unicast and broadcast [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.



RAN1#112bis-e made the following conclusion about simultaneous reception of unicast and broadcast transmissions during a process of autonomous SI acquisition [2]
	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 highlighted FFS regarding Msg4 PDSCH scheduled by TC-RNTI has been resolved by the agreement from RAN1#113 copied above. 
RAN1#113 also made the following agreement about simultaneous reception of unicast and broadcast transmissions during a process of P-RNTI triggered SI acquisition [2]:
	Agreement: 
Down-select between these options for handling of simultaneous reception during P-RNTI triggered SI acquisition when the total number of PRBs for the PDSCH scheduled with SI-RNTI and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI is larger than the maximum number of PRBs that the UE can process per slot.
· Option 2: The UE may skip decoding of PDSCH [in slot n or n+1] scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
· Option 3: The prioritization between reception of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI and SI PDSCH triggered by P-RNTI is up to the UE implementation.
· Option 4: During a process of P-RNTI triggered SI acquisition, the UE is not expected to [be scheduled PDSCH/to decode PDSCH scheduled] with C-RNTI/MCS-C-RNTI/CS-RNTI if in the same cell, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
· Option 7: No specification change




Among the options listed above, our preference is Option 2 as we think that the requirements on the UE can be relaxed during P-RNTI triggered SI acquisition. Furthermore, Option 2 is similar to the behavior specified for Capability 2 processing, where the UE may skip decoding of the unicast transmission (resulting in somewhat higher latency due to HARQ retransmission). More specifically, for Capability 2 processing, the UE may skip decoding of unicast PDSCH in slot n if SI PDSCH is also scheduled in the same slot. 
However, if the SI PDSCH is larger than 5 MHz (25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS), an eRedCap UE may need multiple slots to complete its processing. In this case, the eRedCap UE may not be able to decode unicast PDSCH in slot n+1. This warrants further relaxation of the requirements compared to Capability 2 processing. Therefore, we think that the UE may skip decoding of unicast PDSCH in slot n and slot n+1 if the SI PDSCH in slot n is larger than 5 MHz. Further relaxation of the requirements (e.g., skipping decoding in slots n+2 and n+3) may have significant latency and network scheduling impacts, and therefore, should be avoided. Note that a gNB implementation can choose to avoid scheduling of a unicast channel and a broadcast channel on overlapping time resources.
[bookmark: _Toc142661146]For UE BB bandwidth reduction, for P-RNTI triggered acquisition, 
· When SI PDSCH is within 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, the UE may skip decoding of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI in slot n but decodes SI PDSCH triggered by P-RNTI in slot n.
· Otherwise, i.e., when SI PDSCH is larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, the UE may skip decoding of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI in slots n and n+1 but decodes SI PDSCH triggered by P-RNTI in slot n.
2.3	MBS PDSCH bandwidth
RAN1#112bis-e discussed the following proposal on the bandwidth for broadcast and multicast MBS PDSCH transmissions without reaching a conclusion [3]:
	Proposal:
For UE with BB bandwidth reduction, 
· FFS: For broadcast MBS PDSCH,
· Allow the scheduling to be larger than 5MHz (as in legacy operation).
· the PDSCH repetition case 
· PDSCH in consecutive slots
· [bookmark: _Hlk141975790]For multicast MBS PDSCH with HARQ feedback,
· The number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· [bookmark: _Hlk141975961]For multicast MBS PDSCH without HARQ feedback,
· FFS: whether to allow the scheduling to be larger than 5MHz
Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.




For the cases without HARQ feedback, i.e., for broadcast MBS PDSCH and for multicast MBS PDSCH without HARQ feedback, the same behavior as other broadcast channels (SIB, Paging, and RAR) can be applied. That is, it is allowed to schedule these channels with a bandwidth larger than 5 MHz. When there is PDSCH repetition or PDSCH in consecutive slots, it can be up to the eRedCap UE implementation how to handle these cases. For e.g., the UE could potentially buffer the transmissions for processing at a later time slot. However, the network doesn’t differentiate between these cases for different types of UEs.  
For the cases with HARQ feedback, i.e., for multicast MBS PDSCH with HARQ feedback, it might be easier to restrict the bandwidth within 5 MHz to avoid additional specification impacts. 
Therefore, our proposal is as follows:
[bookmark: _Toc142661147]For UE with BB bandwidth reduction, 
· For broadcast MBS PDSCH and multicast MBS PDSCH without HARQ feedback (including PDSCH repetition case and PDSCH in consecutive slots),
· Allow the scheduling to be larger than 5MHz (as in legacy operation).
· For multicast MBS PDSCH with HARQ feedback,
· The number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.
3	UE peak data rate reduction (a.k.a. “PR1”)
3.1	Relaxed constraints
For UE peak data rate reduction, the following agreements have been made in RAN1 [2]:
	Agreement:
· 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 
· 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

Agreement:
· 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



 
Agreement: 
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported




Related to last agreement above, which is from RAN1#113 in May, companies had two different understandings of whether the 10-Mbps peak rate target for Rel-18 eRedCap UEs should be understood as a fixed peak rate target (that applies regardless of what optional features the UE might support) or a minimum peak rate (that might be exceeded by UEs that support optional features such as MIMO).
Later, in RAN#100 in June, it was concluded (as working assumption) that the 10-Mbps peak rate target is in fact the fixed peak rate [8]. 
	conclusion: 
working assumption: The peak rate target is 10 Mbps regardless of what optional features the UE may support. (i.e. WGs can progress on this topic based on this assumption)
No consensus about Proposal 3-3b. Revised WID will be handled in RAN #101.




Considering the conclusion from the RAN#100, we think that the RAN1#113 agreement can be revisited for simplifying the UE capability reporting. The reasons are two-fold:
· [bookmark: _Hlk142391055]The peak rate indicated by Qm and f is redundant: Recall that vLayers, Qm, and f denote maximum number of supported MIMO layers, the maximum supported modulation order (for peak rate calculation only and not for actual transmission), and the peak rate scaling factor (scalingFactor), respectively. The purpose of Qm and f is solely to indicate to the network how to scale the max data rate calculated without these parameters. Since the network already knows the supported (fixed) data rate based on the eRedCap UE indication in Msg3 and, if configured, also in Msg1, the peak rate indicated using Qm and f is redundant. The indication of vLayers is still beneficial as it helps to determine maximum number of DL MIMO layers as well as number of UE Rx branches. 
· New values for Qm and/or f may need to be introduced: For PR1 without BW3/PR3, the 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75. For a UE supporting 2 DL MIMO layers (i.e., vLayers = 2), the product of Qm and f should be 0.375. There are no combinations of Qm and f existing in the specification that can result in this value. That is, new values for Qm and/or f need to be introduced. This is unnecessary specification impact as the network already knows that the UE supports 10-Mbps based on the indication in Msg3. 

Therefore, we think that Rel-18 eRedCap UEs should not report Qm and f during capability signaling. This may incur minor clarifications in the definitions of these parameters for Rel-18 eRedCap UEs as absence of these parameters are interpreted differently for legacy UEs. 
[bookmark: _Toc142661139]Since the supported peak rate is implicit from eRedCap UE indication in Msg3, the peak rate indicated using Qm and f is redundant. 
[bookmark: _Toc142661140]The indication of peak rate using Qm and f may necessitate introduction of new values of Qm and/or f for eRedCap UEs.
[bookmark: _Toc142661148]Revise the RAN1#113 agreement as follows:
· For UE peak data rate reduction with or without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
· The UE shall not report parameters Qm and f. Request RAN2 to make clarifications in the definitions of parameters Qm and f in TS 38.306, if necessary. 
· Note: The peak rate target is 10 Mbps regardless of what optional features the UE may support
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported
3.2	Optional features
According to the WID for Rel-18 eRedCap [1],
· The existing UE capability framework should be 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.
So far, the RAN1 agreements [2] do not seem to preclude support of any of the legacy features. As can be seen in Section 3.2 in the feature lead summary in [3], the companies that participated in the discussion wanted to first have resolution on whether the 10-Mbps peak rate target concerns a fixed peak rate or a minimum peak rate. In light of the resolution in RAN#100 that it is a fixed peak rate, RAN1 can continue to discuss what optional features that a Rel-18 eRedCap UE can (or cannot) support. We think whether Rel-18 eRedCap UEs should be allowed to support DL MIMO and DL 256QAM as optional features is of particular importance to discuss.
DL MIMO
In FR1, a Rel-17 RedCap UE supports 1 DL MIMO layer if it has 1 Rx branch and 2 DL MIMO layers if has 2 Rx branches [7]. The support for 2 DL MIMO layers, or equivalently, 2 Rx branches is optional. So, there is a one-to-one relation between the number of DL MIMO layers and the number of Rx branches in FR1 for Rel-17 RedCap UEs. In our view, this relation could be made more flexible for Rel-18 eRedCap UEs. 
There is less motivation for Rel-18 eRedCap UEs to support 2 MIMO layers as the 10-Mbps data rate can be achieved easily by just 1 MIMO layer. However, support of 2 Rx branches is beneficial for antenna diversity, and thereby, to achieve good coverage and cell spectral efficiency. Therefore, there should be possibility for a Rel-18 eRedCap UE to support 1 MIMO layer while supporting 2 Rx branches. This is what we propose as part of the UE capability discussion in our contribution [9].
[bookmark: _Toc142661141]There is less motivation for Rel-18 eRedCap UEs to support 2 DL MIMO layers as the 10-Mbps data rate can be achieved easily by just 1 DL MIMO layer.
[bookmark: _Toc142661142]Support of 2 Rx branches for receive antenna diversity is beneficial to achieve good coverage and cell spectral efficiency.
[bookmark: _Toc142661149]For a Rel-18 eRedCap UE with 2 Rx branches, 1 or 2 DL MIMO layers are supported. 
DL 256AM
While it is true that 256QAM is not necessary to achieve 10 Mbps, support of 256QAM helps to improve network capacity and cell spectral efficiency (as more data can be transmitted with less bandwidth). Therefore, we think that DL 256QAM can be an optional feature for Rel-18 eRedCap UEs, just as for Rel-17 RedCap UEs.  
[bookmark: _Toc142661143]Support of 256QAM helps to improve network capacity and cell spectral efficiency as more data can be transmitted with less bandwidth.
4	Conclusion
In the previous sections, we made the following observations:
Observation 1	Since the supported peak rate is implicit from eRedCap UE indication in Msg3, the peak rate indicated using Qm and f is redundant.
Observation 2	The indication of peak rate using Qm and f may necessitate introduction of new values of Qm and/or f for eRedCap UEs.
Observation 3	There is less motivation for Rel-18 eRedCap UEs to support 2 DL MIMO layers as the 10-Mbps data rate can be achieved easily by just 1 DL MIMO layer.
Observation 4	Support of 2 Rx branches for receive antenna diversity is beneficial to achieve good coverage and cell spectral efficiency.
Observation 5	Support of 256QAM helps to improve network capacity and cell spectral efficiency as more data can be transmitted with less bandwidth.

Based on the discussion in the previous sections we propose the following:
Proposal 1 Support PUSCH TDRA in pusch-ConfigCommon that is specific to Rel-18 eRedCap UEs.
· Detailed signaling solution is up to RAN2. 
1. For UE BB bandwidth reduction, for P-RNTI triggered acquisition, 
· When SI PDSCH is within 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, the UE may skip decoding of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI in slot n but decodes SI PDSCH triggered by P-RNTI in slot n.
· Otherwise, i.e., when SI PDSCH is larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, the UE may skip decoding of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI in slots n and n+1 but decodes SI PDSCH triggered by P-RNTI in slot n.

 For UE with BB bandwidth reduction, 
· For broadcast MBS PDSCH and multicast MBS PDSCH without HARQ feedback (including PDSCH repetition case and PDSCH in consecutive slots),
· Allow the scheduling to be larger than 5MHz (as in legacy operation).
· For multicast MBS PDSCH with HARQ feedback,
· The number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.

Revise the RAN1#113 agreement as follows:
· For UE peak data rate reduction with or without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
· The UE shall not report parameters Qm and f. Request RAN2 to make clarifications in the definitions of parameters Qm and f in TS 38.306, if necessary. 
· Note: The peak rate target is 10 Mbps regardless of what optional features the UE may support
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported
For a Rel-18 eRedCap UE with 2 Rx branches, 1 or 2 DL MIMO layers are supported. 
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