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Decision
1 Introduction

In this contribution, we discuss the scope of the RedCap WI, known also as NR-Light. The RedCaP SI is coming to conclusions after intensive discussions with lot of findings reflected in the TR 38.875 [1]. With the e-meeting era continuing at least during 1H/2021, it will be important to define solid WI objectives and not leave items for further study in the WI phase. Further having limited set of WI objectives helps to ensure work is timely completed to meet Release 17 schedule.
2 Complexity reduction techniques
In the endorsed TR 38.875 [1], several issues related to complexity reduction were left for discussion and decision during the WI phase or at RAN plenary. In our view, RAN plenary should decide on these issues to limit the scope of the work and ensure timely WI completion.

Issue #1 –

· Maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access can be discussed during the WI phase or at RAN plenary.
In the TR 38.875 [1], it was observed that the performance requirements (e.g. peak data rates, latency, etc.) can be met with 20 MHz bandwidth, except for some TDD configurations. If a maximum bandwidth larger than 20 MHz is supported after initial access, the cost saving for this UE type will be substantially reduced. In addition, the gNB will require additional implementation effort to support this optional capability. Therefore, there is no need to optionally support a maximum bandwidth larger than 20 MHz after initial access.
Proposal 1: For FR1 RedCap UE, do not optionally support a maximum bandwidth larger than 20 MHz after initial access.

Issue #2 –

· Number of Rx branches:
· 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, where N is to be down-selected during the WI phase or at RAN plenary between the following alternatives:
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported
For FR1 TDD bands, the minimum number of Rx branches for a RedCap UE should be 2. Reducing the number of Rx branches to 1 will have significant impact to system spectral efficiency and require coverage recovery for downlink channels.
Our system simulation analysis for burst traffic [1] shows cell average spectral efficiency of 5.5 bps/Hz for eMBB UE with 4 Rx and 1.5 bps/Hz for RedCap UE with 1 Rx, a 73% reduction in efficiency. This will impact total system capacity significantly. In addition, our link-level performance analysis in [2] shows 7.2 dB in DL performance degradation with 1 Rx antenna.
For coverage recovery, [1] observed that coverage recovery will not be needed in FR1 in the DL for RedCap UE with 2 Rx and reduced antenna efficiency. For RedCap UE with 1 Rx and reduced antenna efficiency, coverage recovery may be needed for PDCCH CSS, Msg2, and Msg4.
Proposal 2: 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 2.

Issue #3 –

· Number of DL MIMO layers:
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M, where M is to be down-selected during the WI phase or at RAN plenary between the following options (where different options may be selected for FR1 FDD, FR1 TDD, and FR2, respectively):
· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
For RedCap UE with 2 Rx branches, the cost saving from supporting 1 DL MIMO layer compared to 2 is small (approximately 4-5% in additional cost saving) when considered in combination with bandwidth reduction. On the other hand, there would be meaningful reduction in system spectral efficiency. Therefore, 2 DL MIMO layers should always be supported for a RedCap UE with 2 Rx branches.
Proposal 3: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.

Issue #4 –

· Half-duplex FDD operation:
· Decide at RAN plenary whether to have support FD-FDD or HD-FDD operation type A or both by specification for an FR1 FDD RedCap UE.
The cost saving from HD-FDD type A is approximately 6% when considered in combination with bandwidth reduction and Rx antenna reduction [1]. Most of this cost saving is in the RF components which will accumulate across supported bands. HD-FDD type A has small impact to performance, co-existence, and specifications. Therefore, HD-FDD type A should be supported together with FD-FDD.
Proposal 4: Both FD-FDD and HD-FDD operation type A should be supported for FR1 FDD RedCap UE.

Issue #5 –

· Relaxed UE processing time:
· Decide at RAN plenary whether to support relaxed UE processing time in terms of N1 and N2 by specification for a RedCap UE.
The cost saving from relaxed UE processing time in terms of N1 and N2 is approximately 2-3% when considered in combination with bandwidth reduction and Rx antenna reduction [1]. However, this technique may cause potential potential coexistence issues with legacy UEs during initial access if RedCap UE is not identified in Msg1. Therefore, relaxed UE processing time in terms of N1 and N2 should not be supported.
Proposal 5: Do not support relaxed UE processing time in terms of N1 and N2 for a RedCap UE.
3 Power saving via reduced PDCCH monitoring
Three candidate schemes have been studied –
· Scheme #1: Reduced maximum number of Blind Decoding (BD) per slot in connected mode
· Scheme #2: Increasing the minimum 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, WID objectives to specify these schemes should not defined for the following key reasons:

· For schemes 1 and 2, existing R15/16 configuration options already enable the network to configure reduced sets BD candidates to obtain the power savings estimated during the WI phase.
· Note, no clear consensus was arrived at for this potential enhancement in the TR.
· Schemes 1 and 2, if specified as hardcoded limits, will reduce network scheduling options which will increase the likelihood of UEs experiencing increased blocking probabilities. 
· Scheme 3 can be argued as being applicable to all UEs, not just RedCap UEs, and therefore should be considered elsewhere, e.g. the Power Savings WI.

Proposal 6: Existing techniques can provide significant power saving gain. Do not specify further reduced PDCCH monitoring for RedCap UE.
4 Coverage recovery
In the TR 38.875 [1], observations on coverage recovery can be summarized as follow –
· For FR1 under the consideration of potential reduced antenna efficiency due to device size limitations:

· Up to 3dB coverage recovery may be needed for PUSCH and/or Msg3

· Coverage recovery is not needed for RedCap UE with 2 Rx antennas

· Coverage recovery may be needed for PDCCH CSS ([1 dB]), Msg2 ([5-6 dB] without TBS scaling), and Msg4 ([2-3 dB]) for RedCap UE with 1 Rx antenna, and carrier frequency of 4 GHz with DL PSD 24 dBm/MHz
· For FR2, coverage recovery is not needed for UL and DL channels 
The TR provides clear observations on required coverage recovery for the agreed evaluation scenarios. The WID should therefore incorporate the observations from the TR and explicitly state the channels / transmissions for which coverage recovery is needed together with the amount of coverage recovery.
Note that DL coverage recovery for FR1 is related to Issue #2 in Section 2 (the minimum number of Rx antennas in FR1 TDD bands). If the minimum number of Rx antennas is 2, then DL coverage recovery will not be needed in FR1. This can simplify the work scope significantly as the main objective for coverage recovery would then be to specify up to 3dB coverage recovery for PUSCH and/or Msg3.
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