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1 Introduction
This contribution presents our views on the remaining issues to progress the new WID ‘Enhanced support of reduced capability NR devices’ [1]. 
 
2. Discussions
2.1  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 111 meeting, different options were discussed and the following was agreed on this issue [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
· Note: Whether this option is supported will be decided in RAN plenary.



In RAN1 112 meeting, the following was agreed for the support of PR1: 
	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







During RAN Plenary 99 meeting, there was heated debating regarding the necessary to support PR1 as ‘stand-alone’ feature and the following was endorsed [4]: 
	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 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.


The target peak data rate of Rel-18 eRedcap UEs is kept as 10Mbps per RAN plenary 98 meeting discussions, 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, 25 PRBs (Mbps)
	30kHz SCS, 12 PRBs (Mbps)

	4
	DL: 13.4
UL: 14.3
	DL: 12.8
UL: 13.7

	3.2
	DL: 10.7
UL: 11.4
	DL: 10.27
UL: 10.98

	3.0 
	DL: 10.0
UL: 10.7
	DL: 9.6
UL: 10.3



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. In the RAN1 112 meeting, the value ‘1’ was proposed by several companies without detailed reasoning. The supported peak data rate with the  = ‘1’ is ~14 Mbps for FR1 DL with 15kHz SCS, which is far beyond the target data rate ‘10Mbps’, which unnecessarily increases the soft bits buffer size and the cost of eRedcap device. 

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 ‘3.2’ can be considered to meet the target peak data rate of Rel-18 eRedcap UEs.
Therefore, we made the following proposal: 
Proposal 1: 
· For a standalone PR1 feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 0.75. 
· For an ‘add-on’ PR1 feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 3.2.  

2.3  On early Indication of Rel-18 eRedcap UE 
In RAN plenary 98 meeting, the WID was updated to include the following objective for early indication [1]: 
	· 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]


The following was agreed in RAN1 111 meeting [2] for eRedcap: 
	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.


To ensure the Msg3 PUSCH is scheduled within a 5MHz BW for Rel-18 eRedcap UE as agreed above, it seems necessary to introduce mechanism that provides the possibility for network to identify eRedcap UE before Msg2 and then schedule Msg3 accordingly. In addition, processing timing relaxation for RAR is introduced for Rel-18 eRedcap. It is desirable to identify the Rel-18 eRedcap UE based on the preamble and then allocate FDRA resource properly. 
In RAN1 112 meeting, concerns on the standard and implementation complexity were raised on support of Msg1-based early identification. First, it should be noted that NW has full flexibility not to use Msg-1 based early identification and therefore implementation complexity is not a real concern. Regarding the standard effort, the Rel-17 RACH split framework can be fully used to allocate dedicated resource for Rel-18 eRedcap identification with almost zero specification impact.  
One more open issue related to early indication is the potential relaxation on the timeline between Msg2 and Msg3 when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot. We believe X = 1/0.5 ms for 15/30 kHz SCS is a good compromise for Rel-18 eRedcap UE with a trade-off between scheduling flexibility and UE complexity.

Having said that, we proper the following: 
Proposal 2: 
· Support a sperate early indication using Msg1 for Rel-18 eRedcap UE. 
· Relax the timeline between Msg2 and Msg3 with additional X = 1/0.5 ms for 15/30kHz SCS when the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot

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 a standalone PR1 feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 0.75. 
· For an ‘add-on’ PR1 feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 3.2.  
Proposal 2: 
· Support a sperate early indication using Msg1 for Rel-18 eRedcap UE. 
· Relax the timeline between Msg2 and Msg3 with additional X = 1/0.5 ms for 15/30kHz SCS when the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot. 
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