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Introduction
In this contribution, we discuss the outcome of the RedCap SI and propose the scope for the WI phase. Given the electronic nature of RAN1 meetings, it is essential to have focused WI scope and no open issues should be left for the WI phase to ensure timely completion of the WI within R17 schedule.
Discussion
The R17 study item on NR RedCap devices was approved during the RAN#86 [1], and the objectives have been updated in RAN#88e [2]. The SI has concluded in RAN1 with some findings and recommendations that are reflected in the TR 38.875 [3]. However, there are still few open issues that have not been agreed in RAN1, and these issues should be addressed in the plenary.
Complexity reduction features
One of the main objectives of RedCap SI is to study UE complexity features for RedCap UEs. By RAN1#103-e meeting, the following capability reductions were agreed in RAN1.
	· Reduced number of UE RX/TX antennas
· For FR1 bands < 2496 MHz and FR2 bands: the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE.
· Reduced maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· UE Bandwidth reduction
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Half-Duplex-FDD
· No Type-B HD-FDD supported for RedCap UE in Rel-17
· Relaxed UE processing capability
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.



However, the following complexity reduction features were not concluded in RAN1:
	· Reduced number of UE RX/TX antennas
· For FR1 bands > 2496 MHz: to down-select between 1Rx and 2 Rx as mandatory for RedCap UEs.
· Reduced maximum number of DL MIMO layers:
· For a RedCap UE with 2 Rx branches, to down-select between 1 layer and 2 layers as mandatory.
· Half-Duplex-FDD
· To support or not Type-A HD-FDD.
· Relaxed UE processing time
· To support or not relaxed UE processing timeline (N1/N2).



For the number of Rx antennas in FR1 TDD bands, it has been observed that, when the number of receive antennas is further reduced from 2Rx to 1Rx, there is severe impact onto the system’s spectral efficiency (~38% loss), a dramatic drop of 5%-ile UPT (by 95%), and doubling the required number of DL control resources [4]. Hence, given the significant impact to the system performance, the minimum number of Rx branches supported by specification for a RedCap UE should be 2 in FR1 TDD bands (i.e. bands > 2496 MHz).
Similarly, restricting the number of DL MIMO layers to 1 layer instead of 2 layers has high impact on the system spectral efficiency (~13% loss).
Proposal 1: For FR1 bands > 2496 MHz, the minimum number of Rx branches supported by specification for a RedCap UE is 2.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
Regarding half-duplex-FDD, by limiting the UE capability to half-duplex operation in the paired spectrum bands the duplexers can dispensed, which decreases the link budget. The insertion loss thus spared on the antenna shared between transmit and receive typically amounts to 1-2 dB. This may represent a considerable gain for the coverage recovery, especially as the numbed of Rx antennae is reduced. Replacing the duplexer with a switch in each RF band also saves on cost and area of the RF frontend.
Proposal 3: Support of Type-A HD-FDD for RedCap UE.
In the RedCap study item, relaxed UE processing timeline is considered in terms of more relaxed N1 and N2 values (as defined in TS 38.214) compared to those of UE processing time Capability#1. In our view, N1 and N2 UE processing timelines should not be relaxed for RedCap UEs below the baseline NR processing capability. The benefits expected from such a relaxation would not be in proportion to the standardization effort, the impact on NR L1 procedures, the impact on scheduling and the potential limitation on scope of applicability. Worth noticing that the estimated cost reduction by doubling N1, N2 is in the order of ~1% only.
Proposal 4: Relaxed UE processing timeline (N1/N2) is not supported for RedCap UE.
PDCCH monitoring reduction for power saving
The following three schemes for power saving have been studied in RAN1:
· Scheme #1: reducing the maximum number of BDs in a slot.
In R15/16 NR, the number of blind decodes (BDs) per slot is configurable up to the limits defined for different SCS configurations. Scheme #1 is to reduce the maximum number of BDs (with or without DCI size budget reduction). 
· Scheme #2: extending the PDCCH monitoring gap to X slots (X>1) in connected mode.
In R15/16 NR, the range of PDCCH monitoring periodicity is configurable. Scheme#2 is to impose a minimum separation between two consecutive PDCCH monitoring occasions, spans or slots with configured PDCCH candidates to be X slots, where X>1. 
· Scheme #3: dynamic adaptation of PDCCH BD parameters in connected mode.
In R15/16 NR, the parameters of PDCCH monitoring is configured by RRC signalling on per search space set basis. Scheme #3 is to dynamically adapt PDCCH BD parameters e.g. maximum number of PDCCH candidates per PDCCH monitoring occasion and minimum time separation between two consecutive PDCCH monitoring occasions
The equivalent power saving due to BD reduction (i.e. Scheme #1 & Scheme #2) can already be achieved using existing R15/16 configurations (e.g., configurations for number of PDCCH candidates and number of DCI sizes to monitor). Hence, compared to using existing R15/16 functionalities, there is no power saving achieved by adopting smaller numbers of BDs for RedCap UEs. On the other hand, it can be seen from the observations to be captured in Clause 8.2.3.1 of the TR that BD reduction increases the PDCCH blocking probability significantly in many cases.
Scheme #3 has been already agreed by RAN1 in the power saving WI. Thus, Scheme#3 shouldn’t be considered as part of RedCap WI.
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Proposal 5: PDCCH monitoring reduction (Scheme #1 & Scheme #2) is not supported for RedCap UE in Rel-17.
Proposal 6: Dynamic adaptation of PDCCH BD parameters in connected mode (Scheme #3) is not considered in the RedCap WI.
Coverage recovery
According to the coverage impact that is studied in RAN1, under the consideration of potential reduced antenna efficiency in FR1 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 by about 3 dB.
On the other hand, no coverage recovery is needed for:
· FR1 including both FDD and TDD bands in all DL channels.
· FR2 UL and DL channels.
Hence, coverage compensation for RedCap UE could be needed only for PUSCH (and/or Msg3) in FR1. Given that the Coverage Enhancements SI has already recommended coverage enhancements for NR PUSCH, the 3dB gap for RedCap can be already addressed in the CE WI, and there is no need to duplicate the work in both work items.
Proposal 7: Coverage recovery is not considered as part of the RedCap SI, and the coverage to be introduced in the CE WI can be used by RedCap UEs.
Conclusion
In this contribution, we discussed the scoping for RedCap WI and we have the following proposals.
Proposal 1: For FR1 bands > 2496 MHz, the minimum number of Rx branches supported by specification for a RedCap UE is 2.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
Proposal 3: Support of Type-A HD-FDD for RedCap UE.
Proposal 4: Relaxed UE processing timeline (N1/N2) is not supported for RedCap UE.
Proposal 5: PDCCH monitoring reduction (Scheme #1 & Scheme #2) is not supported for RedCap UE in Rel-17.
Proposal 6: Dynamic adaptation of PDCCH BD parameters in connected mode (Scheme #3) is not considered in the RedCap WI.
Proposal 7: Coverage recovery is not considered as part of the RedCap SI, and the coverage to be introduced in the CE WI can be used by RedCap UEs.
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