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Introduction
The study item on support of reduced capability NR devices [1] was completed in RAN1 and the TR was updated in [2]. In this paper we provide our views on the scope of the RedCap WI based on RAN1’s study. 
[bookmark: _Hlk528931115]Discussion
UE complexity reduction
According to the SID, the following UE complexity reduction techniques were studied in RAN1 with the agreements reached in RAN1#103-e meeting [3], as summarized in Table 1.
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
[bookmark: _Ref57119618]Table 1 RAN1#103-e agreements on UE complexity reduction features
	Reduced Rx number
	Agreements:
· For FR1 FDD bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, 
· The minimum number of Rx branches supported by specification for a RedCap UE is 1.
· Specification also supports of 2 Rx branches for a RedCap UE.
Agreements:
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N. To be down-selected during the WI phase or at RAN plenary:
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported 

	Reduced bandwidth
	Agreements:
· Capture the recommendation that maximum bandwidth of an FR1 RedCap UE is 20 MHz during and after initial access.
· FFS: Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access
Agreements:
· Confirm the working assumption: Support that the maximum bandwidth of an FR2 RedCap UE is 100 MHz during initial access and 100MHz after initial access.

	HD-FDD
	Agreements:
· Recommend that HD-FDD type B is not supported for RedCap FR1 FDD UEs in Rel-17.
· Decide at RAN plenary whether to have support FD-FDD or HD-FDD type A or both by specification for an FR1 FDD RedCap UE

	Relaxed UE processing time
	Agreements: 
Decide at RAN plenary whether to support relaxed UE processing time in terms of N1/N2 by specification for a RedCap UE.

	Reduced MIMO layers
	Agreements:
· For FR1 FDD bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following during the WI phase or at RAN plenary
· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
Agreements:
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches,
· For a RedCap UE with 1 Rx branch (if supported), the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary
· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
Agreements:
· For FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,
· For a RedCap UE with 1 Rx branch (if supported), the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches (if supported), the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary:
· Option 1: M=1, where M=2 is also supported
· Option 2: M=2

	Reduced modulation order
	Agreements:
· Recommend that support of 256QAM in DL is optional (instead of mandatory) for a FR1 RedCap UE.
· Recommend that relaxed maximum mandatory UL modulation (from 64QAM to 16QAM) is not supported by specification for an FR1 RedCap UE.
· Recommend that relaxed maximum mandatory DL modulation (from 64QAM to 16QAM) is not supported by specification for an FR2 RedCap UE.
· Recommend that relaxed maximum mandatory UL modulation (from 64QAM to 16QAM) is not supported by specification for an FR2 RedCap UE.


As can be seen from Table 1, there are several aspects which need to be discussed in RAN plenary as highlighted in cyan. 
· The minimum number of Rx branches supported by specification for a RedCap UE in FR1 TDD bands
For FR1 TDD bands, 2 Rx is important to guarantee the network performance in terms of spectral efficiency, coverage and capacity. It is also the premise to enable 2 DL MIMO layers, which is critical to meet the DL peak data rate requirement of 150Mbps. We propose that the minimum number of Rx branches supported by specification for a RedCap UE in FR1 TDD bands is 2. 
Proposal 1: The minimum number of Rx branches supported by specification for a RedCap UE in FR1 TDD bands is 2.
· The maximum DL MIMO layers for a RedCap UE with 2 Rx branches
As emphasized before, 2 MIMO layers are critical to meet the DL peak data rate requirement of 150Mbps when maximum bandwidth is reduced to 20 MHz in FR1. The cost reduction gain is less than 5% when the number of MIMO layers is further reduced from 2 to 1, which is not attractive [2]. It is natural and proper for a RedCap UE with 2 Rx to support 2 MIMO layers.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
· UE processing time
UE processing time relaxation in terms of N1/N2 achieves marginal cost reduction gain, but largely increase the gNB scheduling complexity in return. To be specific, the complexity reduction gain is only about 2% on top of reduced bandwidth, Rx antenna number and DL MIMO layers, which is the feature with the minimum complexity reduction gain among all evaluated features[2]. Furthermore, with a newly introduced processing capability, a gNB will have to implement new scheduling strategy, considering not only the more complex time lines, but also the fairness among UEs with different processing capabilities. Such UE feature impacts the gNB even from the very beginning phase, i.e. during RACH procedure, making the scheduling of Msg2/Msg3/Msg4 more complicated. This will unfortunately hamper the successful timely deployment of RedCap UEs. Therefore, we do not support UE processing time relaxation for RedCap UE.
Proposal 3: Relaxed UE processing time in terms of N1/N2 is not supported for RedCap UE.
· HD-FDD type A
HD-FDD type A achieves about 6% cost reduction gain mainly by replacing the duplexer with a switch and a low-pass filter. Such gain can accumulate across supported bands. However, it potentially brings risk in supporting the use case requiring simultaneous downlink and uplink transmission with latency restriction, e.g. interactive video. From specification point of view, for HD-FDD type A, the specification impact should be limited within capability report and potentially definition of DL-UL/UL-DL switching times. Considering the diverse use cases of RedCap devices and the limited specification impact, HD-FDD type A can be supported for RedCap UE in FR1 FDD bands.
Proposal 4: FD-FDD is supported by specification for RedCap UE in FR1 FDD bands.
· HD-FDD type A can be supported with the understanding that the specification impact only includes capability report and potentially definition of DL-UL/UL-DL switching times.

UE power saving
In RAN1, reduced PDCCH monitoring was discussed according to the SID [1].
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
In RAN1#103-e, 3 schemes were discussed as listed below for reduced PDCCH monitoring and captured in TR 38.875 [2]:
	· Scheme #1: Reduced maximum number of Blind Decoding (BD) per slot in connected mode
· Scheme #2: Extending the PDCCH monitoring gap to X slots (X>1) in connected mode
· Scheme #3: Dynamic adaptation of PDCCH BD parameters in connected mode


In our view, Scheme#1 is the most straightforward way to reduce BD with minimum specification impact, which also brings complexity reduction potentially. While for Scheme#2, it can be equally achieved by configuring a longer periodicity of the search space. Scheme#3 achieves balance in power reduction and flexibility, but has overlapping with power saving enhancement topic. We suggest further study Scheme#1 during RedCap WI phase. Scheme#3 can be handled under power saving enhancement topic. 
Proposal 5: Further study Scheme#1 for PDCCH monitoring reduction during RedCap WI phase. 
· Scheme#3 can be handled under power saving enhancement topic.

Coverage recovery
The link budget due to UE complexity reduction was evaluated in RAN1#103-e. Several channels were identified with different coverage losses and may need compensation [3]:
Table 2 RAN1#103-e agreements on coverage recovery
	Agreements:
· Capture the following observations for FR1 coverage recovery to the TR 38.875
· For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.
· For FR1 including both FDD and TDD bands and RedCap UE with 2 Rx and reduced antenna efficiency, the MIL(s) of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. 
· For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different
· For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered:
· [1 dB] for PDCCH CSS
· [2-3 dB] for Msg4
· [5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
· For other carrier frequencies or DL PSD other than 24 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE
· It is noted that in the methodology for RedCap UE coverage recovery target determination, absolute ISD/MPL targets are not considered
· The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery
Agreements:
· Capture the following observations for FR2 coverage recovery to the TR 38.875
· For FR2, there is no assumption of reduced antenna efficiency for RedCap UE and the MIL of the UL channels is the same as the reference NR UE and coverage recovery for UL channels is not needed. 
· [For RedCap UE with 100 MHz BW and 1Rx, although there is performance loss from reducing the number of Rx branches to 1, the MIL(s) of all the DL channels is better that that of the bottleneck channel for the reference NR UE and coverage recovery for DL channels is not needed. ]
· For RedCap UE with 50MHz BW and 1Rx, coverage recovery may be needed for PDSCH when the same target data rate as the reference NR UE is assumed, and the amount of coverage recovery to be considered is approximately [2-3 dB]
· The tradeoff between data rate and coverage can be considered and the amount of coverage recovery may depend on this choice.
· The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery
· E.g. coverage recovery may not be needed for FR2 indoor scenario when the target is based on an MPL value from a target ISD of 20m


In FR1, due to small form factor, Msg3 and PUSCH have worse coverage performance than bottleneck channel of the reference UE. It is noted that Msg3 and PUSCH are candidate physical channels to be enhanced in coverage enhancement SI. In order to avoid the overlap between different WIs, it is preferred that the coverage enhancements for Msg3 and PUSCH are considered in coverage enhancement WI. For Msg2, Msg4 and CSS PDCCH in FR1, the coverage losses were identified in a specific scenario with low DL PSD which does not justify a strong motivation for coverage enhancements. If the TU for RedCap WI allows, coverage recovery of Msg2, Msg4 and CSS PDCCH in FR1 can be considered with secondary priority. 
Proposal 6: Coverage recovery of Msg3 and PUSCH for RedCap UE in FR1 can be further considered in coverage enhancement WI. Msg2, Msg4 and CSS PDCCH in FR1 can be considered with secondary priority if TU for RedCap WI allows.
In FR2, only PDSCH needs coverage compensation, which is only identified with the assumption that the RedCap BW is 50 MHz. However, since it was agreed that only 100 MHz is recommended for FR2 RedCap UE, there is no need to pursue coverage recovery for RedCap UE in FR2. 
Proposal 7: Coverage recovery for RedCap UE in FR2 is not considered.

UE type definition, access control and identification
In RAN1, UE type definition, access control and identification were discussed according to the SID [1].
· Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
· Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Given that the objectives are led by RAN2, it is proposed that the WI scope of this part should be determined or updated in the next RAN plenary, based on the progress and conclusions in next RAN2 meeting, i.e. RAN2#113-e. 
Proposal 8: RedCap WI scope of UE type definition, access control and identification should be determined and updated in next RAN plenary based on the outcome of RAN2#113-e.
Conclusion
In this paper, we provide our views on the scope of the RedCap WI based on RAN1’s study. The proposals are summarized in the following. 
Proposal 1: The minimum number of Rx branches supported by specification for a RedCap UE in FR1 TDD bands is 2.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
Proposal 3: Relaxed UE processing time in terms of N1/N2 is not supported for RedCap UE.
Proposal 4: FD-FDD is supported by specification for RedCap UE in FR1 FDD bands.
· HD-FDD type A can be supported with the understanding that the specification impact only includes capability report and potentially definition of DL-UL/UL-DL switching times.
Proposal 5: Further study Scheme#1 for PDCCH monitoring reduction during RedCap WI phase. 
· Scheme#3 can be handled under power saving enhancement topic.
Proposal 6: Coverage recovery of Msg3 and PUSCH for RedCap UE in FR1 can be further considered in coverage enhancement WI. Msg2, Msg4 and CSS PDCCH in FR1 can be considered with secondary priority if TU for RedCap WI allows.
[bookmark: _GoBack]Proposal 7: Coverage recovery for RedCap UE in FR2 is not considered.
Proposal 8: RedCap WI scope of UE type definition, access control and identification should be determined and updated in next RAN plenary based on the outcome of RAN2#113-e.
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