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1   Introduction
In RAN#97 e-meeting, a new WI on enhanced support of reduced capability NR devices was agreed [1]. One of the objectives is further reduced UE complexity in FR1. And the details include:
· 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.
In this contribution, we provide some considerations on BB bandwidth reduction and peak data rate reduction for Rel-18 RedCap UEs.

2   Discussion 
2.1   UE bandwidth reduction 
Bandwidth at 30KHz SCS

According to RAN4 specifications, the transmission bandwidth of 5MHz corresponds to 11 available PRBs which occupy 3.96MHz bandwidth for 30KHz subcarrier spacing. For a Rel-18 RedCap UE, only PDSCH and PUSCH are transmitted within 5MHz bandwidth and other physical channels and signals still support up to 20MHz bandwidth. If the maximum PDSCH and PUSCH bandwidth are increased to 12 PRBs from 11 PRBs, the performance of data channels can be improved for DL and UL. For broadcast PDSCH configured with more than 5MHz bandwidth, receiving bandwidth of 12 PRBs can reduce performance loss for Rel-18 RedCap UEs. Moreover, 12 PRBs occupy bandwidth of 4.32MHz for 30KHz subcarrier spacing which does not exceed the limit of 5MHz maximum bandwidth. Considering the RAN4 impacts, it is recommended that RAN1 send LS to RAN4 to ask whether 12 PRBs is feasible for 5MHz PDSCH and PUSCH bandwidth for Rel-18 RedCap UEs.

Observation 1:  For 30KHz SCS, the maximum bandwidth of 12 PRBs can improve PDSCH and PUSCH performance within 5MHz bandwidth for Rel-18 RedCap UEs.
Proposal 1: RAN1 could send LS to RAN4 to ask whether 12 PRBs is feasible for 5MHz PDSCH and PUSCH bandwidth for Rel-18 RedCap UEs.
Frequency location of PDSCH

In SI phase, it is assumed that the UE can only buffer PDSCH data within 5MHz bandwidth for BW3. Since the UE does not know the resource assignment of the PDSCH before successfully decoding the DCI, the UE cannot determine which resources need to be buffered in frequency domain. Hence, how to obtain the frequency location of PDSCH should be studied for Rel-18 RedCap UEs. 

Observation 2: It is unknown to Rel-18 RedCap UE with 5MHz bandwidth data-buffering which resources need to be buffered in frequency domain before successfully decoding the DCI.
Based on the current specifications, large PDSCH scheduling delay, such as cross-slot PDSCH scheduling, may be configured to guarantee the required time for DCI decoding. And after DCI is decoded, the Rel-18 RedCap UE can buffer and process the PDSCH data in corresponding frequency resource. However, this approach, i.e., sufficient scheduling gap, will restrict time domain resource allocation of PDSCH, where Default A, Default C and many configurations of Default B and PDSCH-TimeDomainResourceAllocationList are unavailable for Rel-18 RedCap UEs. In addition, for broadcast PDSCH, e.g. SIB1 and other SIB, this approach has few optional configurations and affects network scheduling of both Rel-18 RedCap and legacy UEs. 

Thus, some enhancements may be needed to ensure that the Rel-18 RedCap UE knows the location of 5MHz frequency resource carrying PDSCH. Then, the UE receives and process the PDSCH within the 5MHz frequency resource.
Proposal 2: How to obtain the frequency location of PDSCH should be studied for Rel-18 RedCap UEs with 5MHz bandwidth data-buffering.

Incomplete reception of broadcast PDSCH

Since the maximum UE bandwidth of PDSCH for both unicast and broadcast is reduced to 5MHz, the UE may receive incomplete broadcast PDSCH (e.g. SIB1, other SIB and paging message) when a Rel-18 RedCap UE is configured in a DL BWP with bandwidth larger than 5MHz. Furthermore, the following two cases cause that a Rel-18 RedCap UE cannot receive entire broadcast PDSCH:
Case 1: The transmission bandwidth of PDSCH is more than 5MHz.

Case 2: The transmission bandwidth of PDSCH is less than or equal to 5MHz, but the spanned bandwidth of PDSCH exceeds 5MHz due to discontinuous frequency resource allocation or interleaving.
Incomplete reception of broadcast PDSCH will lead to significant degradation of demodulation performance, especially for broadcast PDSCH configured with 20MHz bandwidth. The simulation results provided by companies in RAN1#110 meeting show that the performance loss of Rel-18 RedCap UEs exceeds 10 dB compared to Rel-17 RedCap UEs when SIB1 bandwidth is 48 PRBs for 30KHz subcarrier spacing. 

Observation 3: Incomplete reception of broadcast PDSCH will lead to significant degradation of demodulation performance, especially for broadcast PDSCH configured with 20MHz bandwidth. 
To mitigate the performance loss by incomplete reception, the existing techniques or implementations can be firstly considered to improve performance of broadcast PDSCH for Rel-18 RedCap UEs. For SIB1, the gNB could repeatedly transmit the broadcast data in a periodicity of 160 ms based on implementation. And for other SIB, the gNB could transmit repeated broadcast data in a SI window based on implementation. So the Rel-18 RedCap UE can receive the repeated SIB1/SIB in different frequency locations. However, since the UE needs to receive PDSCH across multiple times for SIB1/SIB, this approach will increase delay. Additionally, if the Rel-18 RedCap UE cannot determine the frequency position of SIB1/SIB transmission, the reception and combination of repeated data are impacted.
If Rel-18 RedCap UE capable of 20MHz bandwidth data-buffering is optionally supported, after decoding the DCI, the Rel-18 RedCap UE performs receiving process and demodulation multiple times for the buffering data within 20MHz bandwidth, where demodulates 5MHz bandwidth data each time. And then the UE achieves soft combining on the demodulated data. Whereas, this approach will increase UE processing latency. Specifically, after receiving a broadcast PDSCH with transmission bandwidth larger than 5MHz, the Rel-18 RedCap UE needs up to 4x buffering and processing time of 5MHz bandwidth data. In this case, if other physical channels or signals are scheduled following the broadcast PDSCH for the UE, e.g. UE-specific PDSCH, the UE has to release the buffers before broadcast PDSCH decoding is completed, or give up receiving the subsequent physical channels or signals. Moreover, this approach increases UE cost and complexity, which is inconsistent with initial assumptions of BW3.

Observation 4: If a Rel-18 RedCap UE is capable of 20MHz bandwidth data-buffering, after receiving a broadcast PDSCH with bandwidth larger than 5MHz, the UE needs up to 4x buffering and processing time of 5MHz bandwidth data, which results in a reception failure of subsequently scheduled physical channels or signals.

Proposal 3: Solutions to incomplete reception of broadcast PDSCH should to be considered for Rel-18 RedCap UEs.

Simultaneous transmission of multiple PDSCHs
In idle or inactive mode, a UE can receive the PDSCH for SI, paging and Msg2/4. During initial access, the gNB may transmit PDSCHs for SI and Msg2/4 simultaneously in different frequency resources within a BWP. Whereas, due to PDSCH bandwidth restriction, a Rel-18 RedCap UE may not be able to receive both the PDSCHs at the same time. This will cause the Rel-18 RedCap UE misses one of these two PDSCHs. Although the gNB can arrange appropriate time-domain scheduling to avoid this case as much as possible, some omissions of time-domain assignment may occur in practice. 

In connected mode, a UE can receive broadcast PDSCH for SI and unicast PDSCH. In some cases, the gNB may transmit broadcast and unicast PDSCH simultaneously on different frequency resources within a BWP for a UE. For a Rel-18 RedCap UE, PDSCH bandwidth reduction causes the UE to fail to receive both PDSCHs. 

Therefore, the UE behaviour of the reception of multiple simultaneous PDSCHs located in different frequency resources needs to be specified for Rel-18 RedCap UEs.
Observation 5: A Rel-18 RedCap UE may not be able to simultaneously receive multiple PDSCHs located on different frequency resources within a BWP due to PDSCH bandwidth reduction.

Proposal 4: The UE behaviour of the reception of multiple simultaneous PDSCHs needs to be specified for Rel-18 RedCap UEs.
Early identification
Regarding early indication, it should be discussed whether it can be the same as and/or separate from the early indication for Rel-17 RedCap. If the same early indication is applied for both Rel-17 and Rel-18 RedCap UEs, for downlink, the gNB may configure Msg4 with bandwidth more than 5MHz during initial access for Rel-18 RedCap UEs. This will lead to a performance loss on Msg4 for Rel-18 RedCap UEs due to incomplete reception of Msg4. For uplink, the gNB may transmit a UL DCI scheduling PUSCH with bandwidth more than 5MHz before capability report for Rel-18 RedCap UEs. Whereas, a Rel-18 RedCap UE does not support PUSCH transmission exceeding 5MHz bandwidth. So the UE may not transmit the PUSCH or only transmit the PUSCH with 5MHz bandwidth. Then this will cause the gNB failing to successfully receive the PUSCH. Hence, a separate early identification of Rel-18 RedCap UEs is necessary to allocate appropriate PDSCH and PUSCH bandwidth for this new UE type. 

Observation 6: If the same early indication is applied for both Rel-17 and Rel-18 RedCap UEs, 
· For DL, if Msg4 is configured with bandwidth more than 5MHz during initial access, the performance loss and larger access delay would be caused for Rel-18 RedCap UEs

· For UL, if PUSCH is configured with bandwidth more than 5MHz before capability report, PUSCH transmission may be failed for Rel-18 RedCap UEs. 
Furthermore, it can be discussed whether Rel-18 RedCap UE is identified early based on Msg1 or Msg3. If early identification is performed in Msg1, the gNB can configure Msg2/3/4/5 less than 5MHz for Rel-18 RedCap UE. However, Msg1 identification will further result in segmentation of the RACH resources which leads to potential reduction in PRACH user capacity and impacts on both Rel-18 RedCap and legacy UEs. If early identification is supported in Msg3, the gNB may conservatively treat Rel-18 RedCap UEs and legacy UEs for Msg2/3. However, the gNB usually does not configure a large transmission bandwidth for Msg2/3 due to small payload size. So the early identification in Msg3 could be a baseline for Rel-18 RedCap UEs. The details can be further decided by RAN2.

Proposal 5: A separate early identification of Rel-18 RedCap UEs is necessary to allocate appropriate PDSCH and PUSCH bandwidth.
· Msg3 identification could be a baseline. 
2.2   Peak data rate reduction

Data rate and maximum TBS
According to the description of the WI, the constraint (vLayers·Qm·f ≥ 4) is released (PR1), e.g. vLayers·Qm·f ≥ 1, to reduce peak data rate for Rel-18 RedCap UE. The UE peak data rate is dependent on vLayers·Qm·f value which is derived from UE capabilities of vLayers, Qm and f. Assuming that the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4, a Rel-18 RedCap UE with highest capability can achieve the peak data rate of 53.5 Mbps for DL and 28.6 Mbps for UL within 5MHz transmission bandwidth. And for a Rel-18 RedCap UE with lowest capability, the peak data rate can reach 3.3 Mbps for DL and 3.6 Mbps for UL, as shown in Table 1. Considering that there should be a certain data rate gap between Rel-18 RedCap UEs and eMTC UEs, the constraint vLayers·Qm·f ≥ 1 is feasible.

Table 1. Peak data rate for Rel-18 RedCap UEs
	
	Modulation Order
Qm
	Number of layers

vLayers
	Scaling factor

f
	Subcarrier spacing (KHz)
	Peak data rate（Mbps）

	DL maximum peak data rate
	8
	2
	1
	15
	53.5

	
	
	
	
	30
	47.1

	DL minimum peak data rate
	1
	1
	1
	15
	3.3

	
	
	
	
	30
	2.9

	UL maximum peak data rate
	8
	1
	1
	15
	28.6

	
	
	
	
	30
	25.5

	UL minimum peak data rate
	1
	1
	1
	15
	3.6

	
	
	
	
	30
	3.2


Observation 7: The peak data rate can reach 3.3~53.5 Mbps for DL and 3.6~28.6 Mbps for UL based on UE capability within 5MHz transmission bandwidth if the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4.
Observation 8: Considering that there should be a requirement gap on data rate between Rel-18 RedCap UEs and eMTC UEs, the constraint vLayers·Qm·f ≥ 1 is feasible.
Proposal 6: The constraint vLayers·Qm·f ≥ 1 could be adopted for Rel-18 RedCap UEs.
Further, peak data rate will restrict the maximum TBS handled by the UE. According to TS38.214, the relevant descriptions are given as following:
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
           [image: image1.png]


 


Thus, it can be concluded that based on 5MHz PDSCH bandwidth, the DL maximum TBS that the lowest capable UE can handle is restricted to around 3300 bits for 15KHz subcarrier spacing and 1450 bits for 30KHz subcarrier spacing. And the UL maximum TBS that the lowest capable UE can handle is restricted to around 3600 bits for 15KHz subcarrier spacing and 1600 bits for 30KHz subcarrier spacing. 
Observation 9: In 5MHz PDSCH and PUSCH bandwidth, the maximum TBS handled by the lowest capable UE is restricted as below if the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4.

· PDSCH: around 3300 bits for 15KHz SCS and 1450 bits for 30KHz SCS

· PUSCH: around 3600 bits for 15KHz SCS and 1600 bits for 30KHz SCS
Add-on or standalone feature

In RAN#97 e-meeting, it was discussed whether peak data rate reduction (PR1) is an add-on feature or a standalone feature for Rel-18 RedCap UEs. According to the TR 38.865, this issue could be further discussed WI phase. 

Firstly, the complexity reduction from PR1 is small. The complexity evaluation shows that the average of complexity reduction of PR1 from companies is only 4.13% compared to Rel-17 RedCap UEs for FD-FDD 1Rx. 

Secondly, if PR1 is a standalone feature, Rel-18 RedCap UE type contains three UEs with different features, i.e. the UE with BW3, the UE with BW3+PR1 and the UE with PR1. These three types of UEs have two different bandwidth capabilities, so they are generally understood as two UE types. This defeats the purpose of defining at most one Rel-18 RedCap UE type in WID. Additionally, the introduction of two Rel-18 RedCap UE types makes access control and the relevant indication more complicated.
Thirdly, a standalone feature for PR1 will increase the complexity of early identification of Rel-18 RedCap UEs. For a Rel-18 RedCap UE with only PR1, the early identification needs to be supported to avoid that the gNB configures large payload size that exceeds peak data rate restriction during initial access. Then, the early identification of PR1 further causes segmentation of RACH resources for Msg1 and/or increases complexity of indication for Msg3.
Hence, it could be more appropriate to define PR1 as an add-on feature for Rel-18 RedCap UEs. 

Observation 10: For peak data rate reduction, 

· The complexity reduction for PR1 is small, i.e. 4.13% compared to Rel-17 RedCap UEs.
· A standalone feature for PR1 may introduce two Rel-18 RedCap UE types due to different bandwidth capabilities.
· A standalone feature for PR1 will increase the complexity of early identification of Rel-18 RedCap UEs.

Proposal 7: It is more appropriate to define PR1 as an add-on feature for Rel-18 RedCap UEs.
Early identification
For additional feature of peak data rate reduction, Rel-18 RedCap UE type contains two UEs with different features, i.e. the UE with BW3 and the UE with BW3+PR1.The early identification of peak data rate reduction could not be supported to simplify the complexity of Msg1/3 early identification. Instead, an early identification of UE type can be introduced for Rel-18 RedCap UEs. For Rel-18 RedCap UEs, the gNB can schedule PDSCH and PUSCH within 5MHz bandwidth based on the lowest capability (BW3+(vLayers·Qm·f = 1) ) before capability report. 
Proposal 8: For an add-on feature of peak data rate reduction, the early identification could not be supported for Rel-18 RedCap UEs.

Capability report
In the current specifications, the descriptions and values of vLayers, Qm and f are given as following:
· vLayers: The maximum number of layers supported by UE. 

· The values of 1 or 2 for downlink and 1 for uplink, wherein the DL maximum number of layers is reported via the parameter maxNumberMIMO-LayersPDSCH.

· Qm: The maximum modulation order applied for peak data rate calculation. `
· The values of 1, 2, 4, 6 or 8 which is reported by the UE capability parameter supportedModulationOrderDL for DL and supportedModulationOrderUL for UL. 
· f: 0.4, 0.75, 0.8, 1. 
· The value of f can be given by the UE capability parameter scalingFactor. 

The value of vLayers·Qm·f is derived from the capabilities of vLayers, Qm and f that the UE reports. From Table 2, if the constraint (vLayers·Qm·f ≥ 4) is released to (vLayers·Qm·f ≥ 1), a Rel-18 RedCap UE with vLayers·Qm·f =1 can only be the UE with 1Rx antenna and capabilities of Qm =1 and f=1. For a high capable UE, larger number of layers and/or modulation order are reported. Thus, gNB can be aware of peak data rate of Rel-18 RedCap UEs via the existing capability parameters vLayers, Qm and f.
Table 2 UE capability parameters for vLayers·Qm·f  approaching to 1
	Case
	Maximum number of layers vLayers
	Maximum modulation order Qm
	Scaling factor f
	Value of vLayers·Qm·f

	1
	1
	1
	1
	1

	2
	1
	1
	0.8
	0.8

	3
	1
	2
	0.4
	0.8

	4
	2
	1
	0.4
	0.8


Observation 11: If the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4, a Rel-18 RedCap UE with vLayers·Qm·f =1 reports 1 layer, BPSK and f=1 for vLayers, Qm and f, respectively.
3   Proposal 9: Peak data rate reduction can be reported by the existing capability parameters vLayers, Qm and f.
4   Conclusion
Base on the analysis in the previous sections, we have the following observations and proposals:

Observation 1:  For 30KHz SCS, the maximum bandwidth of 12 PRBs can improve PDSCH and PUSCH performance within 5MHz bandwidth for Rel-18 RedCap UEs.
Observation 2: It is unknown to Rel-18 RedCap UE with 5MHz bandwidth data-buffering which resources need to be buffered in frequency domain before successfully decoding the DCI.
Observation 3: Incomplete reception of broadcast PDSCH will lead to significant degradation of demodulation performance, especially for broadcast PDSCH configured with 20MHz bandwidth. 
Observation 4: If a Rel-18 RedCap UE is capable of 20MHz bandwidth data-buffering, after receiving a broadcast PDSCH with bandwidth larger than 5MHz, the UE needs up to 4x buffering and processing time of 5MHz bandwidth data, which results in a reception failure of subsequently scheduled physical channels or signals.

Observation 5: A Rel-18 RedCap UE may not be able to simultaneously receive multiple PDSCHs located on different frequency resources within a BWP due to PDSCH bandwidth reduction.

Observation 6: If the same early indication is applied for both Rel-17 and Rel-18 RedCap UEs, 
· For DL, if Msg4 is configured with bandwidth more than 5MHz during initial access, the performance loss and larger access delay would be caused for Rel-18 RedCap UEs

· For UL, if PUSCH is configured with bandwidth more than 5MHz before capability report, PUSCH transmission may be failed for Rel-18 RedCap UEs. 
Observation 7: The peak data rate can reach 3.3~53.5 Mbps for DL and 3.6~28.6 Mbps for UL based on UE capability within 5MHz transmission bandwidth if the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4.
Observation 8: Considering that there should be a requirement gap on data rate between Rel-18 RedCap UEs and eMTC UEs, the constraint vLayers·Qm·f ≥ 1 is feasible.
Observation 9: In 5MHz PDSCH and PUSCH bandwidth, the maximum TBS handled by the lowest capable UE is restricted as below if the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4.

· PDSCH: around 3300 bits for 15KHz SCS and 1450 bits for 30KHz SCS

· PUSCH: around 3600 bits for 15KHz SCS and 1600 bits for 30KHz SCS
Observation 10: For peak data rate reduction, 

· The complexity reduction for PR1 is small, i.e. 4.13% compared to Rel-17 RedCap UEs.
· A standalone feature for PR1 may introduce two Rel-18 RedCap UE types due to different bandwidth capabilities.
· A standalone feature for PR1 will increase the complexity of early identification of Rel-18 RedCap UEs.

Observation 11: If the constraint (vLayers·Qm·f ≥ 4) is released to 1 instead of 4, a Rel-18 RedCap UE with vLayers·Qm·f =1 reports 1 layer, BPSK and f=1 for vLayers, Qm and f, respectively.
Proposal 1: RAN1 could send LS to RAN4 to ask whether 12 PRBs is feasible for 5MHz PDSCH and PUSCH bandwidth for Rel-18 RedCap UEs.
Proposal 2: How to obtain the frequency location of PDSCH should be studied for Rel-18 RedCap UEs with 5MHz bandwidth data-buffering.

Proposal 3: Solutions to incomplete reception of broadcast PDSCH should to be considered for Rel-18 RedCap UEs.
Proposal 4: The UE behaviour of the reception of multiple simultaneous PDSCHs needs to be specified for Rel-18 RedCap UEs.
Proposal 5: A separate early identification of Rel-18 RedCap UEs is necessary to allocate appropriate PDSCH and PUSCH bandwidth.
· Msg3 identification could be a baseline. 
Proposal 6: The constraint vLayers·Qm·f ≥ 1 could be adopted for Rel-18 RedCap UEs.
Proposal 7: It is more appropriate to define PR1 as an add-on feature for Rel-18 RedCap UEs.
Proposal 8: For an add-on feature of peak data rate reduction, the early identification could not be supported for Rel-18 RedCap UEs.

Proposal 9: Peak data rate reduction can be reported by the existing capability parameters vLayers, Qm and f.
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