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1 Introduction
In RAN1 110bis e-Meeting, the following was agreed to progress the new WID ‘Enhanced support of reduced capability NR devices’ [1]: 
	Agreement 
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
Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

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
· Note: Whether this option is supported will be decided in RAN plenary.

Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) and PUSCH.
 
Agreement 
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

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

Agreement
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)
 
Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
 




In this contribution, we present our views on the remaining issues.  
 
2. Discussions
2.1  On UE Bandwidth Reduction for eRedcap 
In RAN1 110bis meeting, further progress was made for UE bandwidth reduction to receive broadcast channels to be larger than 5MHz as in legacy. It provides improved performance for SIB1/OSI and reduces the signaling overhead from system perspective. 
One FFS aspect is how to handle the RAR reception for UE bandwidth reduction. Two options were brought up in RAN1 110bis meeting for RAR and agreed for further study as follows: 
	Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous



Cleary, Opt.1 creates certain scheduling restriction at the gNB side for RAR construction to separate Rel-17 and Rel-18 UEs and causes excessive signaling overhead. This should be justified by a clear cost reduction benefit or an improved performance gain. It should be noted that allowing SIB/OSI PDSCH transmission exceeds 5MHz BW, it means the post-FFT buffer at the UE needs to support up to 20MHz BW. With this post-FFT buffering assumption at the UE, Opt.1 does not provide additional cost reduction but causes gNB scheduler complexity and signal overhead, regardless of early identification feature support or not. We therefore prefer Opt.2 for RAR and paging reception for an eRedcap UE and whether 5MHz is physically contiguous is indicated using the field of ‘VRB-to-PRB mapping’ as in legacy.  

Proposal 1: For Rel-18 eRedcap UE, allow the RAR PDSCH and paging PDSCH to be larger than 5MHz with contiguous or non-contiguous RBs as in legacy operation. 

In RAN1 110 bis meeting, consistent agreements were made for UL transmissions for eRedcap UEs, including DG-PUSCH and CG-PUSCH as follows: 
	Agreement 
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.


It was observed in discussions that based on the current spec non-contiguous resource allocation for UL cannot be supported for Rel-17 and Rel-18 Redcap UE due to the limitation of max. 20MHz BW. Assuming contiguous FDRA, it is reasonable to apply a same restriction for uplink data transmission based on the maximum number of RBs such that implementation can be simplified. 
Proposal 2: For Msg3, a UE is not expected to receive an UL grant in a RAR with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable

One more issue discussed in the RAN1 110bis meeting is the maximum number of PRBs for PDSCH and PUSCH transmission [1]. A few options were agreed for down-selection as follows: 
	Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) and PUSCH.


Our preference is Opt.4, which is aligned with the RB numbers defined by RAN4 for channel bandwidth of 5MHz. There are a couple of reasons for this preference. Note that a different number of PRBs than those defined by RAN4 results in different RF implementation for the case of a CC with 5MHz bandwidth. For instance, for a given deployment scenario where a CC bandwidth equals to 5MHz, support of larger number of RB (i.e., 12 PRBs in Opt.3) causes reduced number of RBs used for guardband. Correspondingly, an eRedcap UE is required to implement a more costly RF filter such that the RAN4 requirement can be met. It is clearly contradicted with the design goal to further reduce cost for Rel-18 eRedcap UE.   
Proposal 3: Prefer Opt.4 for DL and UL, i.e., 25 PRBs for 15kHz SCS and 11 PRBs for 30kHz SCS. 

2.2  On UE Peak Data Reduction 
The peak data rate supported by an NR UE is computed using the following expression from TS 38.306 [2]: 
	The peak data rate supported by an NR UE is computed using the following expression from TS 38.306:4.1.2 Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




[bookmark: _Hlk100447109]	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
[…]
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations. 
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .


As per the approved WID [1], it was agreed to remove the highlighted restriction for Rel-18 eRedcap UE, which can achieve ~4% cost reduction benefit compared to Rel-17 Redcap device. The exact value of relaxed constraint for eRedcap UEs need to be studied to complete the design.
In RAN1 110bis meeting, different options were discussed and the following was agreed on this issue [1]: 
	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
· Note: Whether this option is supported will be decided in RAN plenary.


The target peak data rate of Rel-18 eRedcap UEs is 10Mbps, which should serve as the metric to determine the feasible value of ‘X’ and ‘Y’ for ‘add-on’ option and ‘standalone’ option. The achievable peak data rate for two alternatives are roughly estimated in Table 1 and Table 2, respectively.
Table 1: Achievable peak data rate for ‘standalone’ PR1 with 20MHz BW 
	
	15kHz SCS (Mbps)
	30kHz SCS (Mbps)

	4
	DL: 56.7 Mbps
UL: 60.7 Mbps
	DL: 54.6 Mbps
UL: 58.4 Mbps

	1
	DL: 14.2 Mbps
UL: 15.2 Mbps
	DL: 13.6 Mbps
UL: 14.6 Mbps

	0.8
	DL: 11.3 Mbps
UL: 12.1 Mbps
	DL: 10.9 Mbps
UL: 11.7 Mbps

	0.75
	DL: 10.6 Mbps
UL: 11.4 Mbps
	DL: 10.2 Mbps
UL: 10.9 Mbps

	0.4
	DL: 5.7 Mbps
UL: 6.1 Mbps
	DL: 5.5 Mbps
UL: 5.8 Mbps



Table 2: Achievable peak data rate for ‘add-on’ PR1 with Rel-18 BW3
	
	15kHz SCS (Mbps)
	30kHz SCS (Mbps)

	4
	DL: 13.4
UL: 14.3
	DL: 11.8
UL: 12.6

	3.4
	DL: 11.4
UL: 12.2
	DL: 10.0
UL: 10.7

	3.2 
	DL: 10.7
UL: 11.4
	DL: 9.4
UL: 10.0



Referring to Table 1 above assuming PR1 is specified as ‘standalone’ feature, it is feasible to modify the restriction of  from 4 to 0.75 for eRedcap UE, which can reduce BB cost and still meet the 10Mbps peak data rate requirement. As shown in Table 2, if PR1 is introduced as an ‘add-on’ feature for Rel-18 eRedcap UEs with reduced 5MHz BB BW, relaxing   to be ‘3.4’ can be considered to meet the target peak data rate of Rel-18 eRedcap UEs. Therefore, we made the following proposal. 
Proposal 4: 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 0.75. 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 3.2.  

3. Conclusion 
In the previous sections, we have discussed different open issues to further reduce Redcap device complex, including reducing BB bandwidth for PDSCH and PUSCH from 20MHz to 5MHz and relaxing the restriction for peak data rate reduction. 

Based on the discussions above, the following proposals were made: 
Proposal 1: For Rel-18 eRedcap UE, allow the RAR PDSCH and paging PDSCH to be larger than 5MHz with contiguous or non-contiguous RBs as in legacy operation. 

Proposal 2: For Msg3, a UE is not expected to receive an UL grant in a RAR with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable

Proposal 3: Prefer Opt.4 for DL and UL, i.e., 25 PRBs for 15kHz SCS and 11 PRBs for 30kHz SCS. 
Proposal 4: 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 0.75. 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 3.2.  
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