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Introduction
The Rel-17 study item on Reduced Capability NR devices was approved in [1] and updated in [2]. The new WI has been agreed in RAN#90 [3]. One of the objectives is to complete the specification of the features for complexity reduction. 
Use cases
Below, we reiterate the application scenarios targeted by NR RedCap as specified in the SID [1]. For each of them, we address the most relevant aspects, i.e., the primary challenges or potential product category differentiators: 
· IWSN: 99.99% availability, 100ms E2E latency (5-10 ms if safety critical), DR<2Mbps, stationary
· Relevant aspect: Power consumption (impacting on the maintenance cost of battery operated devices)
· UE complexity/cost and form factor do not need to be fully optimized. 
· Video surveillance: 99-99.9% availability, E2E latency <500ms, 2-4Mbps (HD) or 7.5-25Mbps (UHD)
· Relevant aspect: Reduced cost
· Power consumption and form factor are not critical
· Wearables: average DL 5-50Mbps / UL 2-5Mbps; peak device bit rate [6] up to DL 150Mbps / UL 50Mbps [2]
· Relevant aspect: Small form factor (essential for wearables), reduced cost and power consumption
· Arguably, wearables represent the most stringent targets due to the sever form factor limitations and the additional sensitivity to cost and power consumption. However, if these difficulties can be overcome successfully wearables have the potential to offer a large market, which may accelerate the evolution of other market segments across the board. 
Economies of scale are essential in the cost optimization of UE’s. Therefore, the applications targeted by RedCap should be supported by as few device types as possible. Ideally, a single type of device should address all the applications.
Observation 1: RedCap SI/WI should aim at bringing the following relevant enhancements by application scenarios:
· Reduced power consumption for IWSN
· Reduced cost for surveillance cameras
· Reduced form factor, cost and power consumption for wearables
Observation 2: Economies of scale can drive the cost reduction for RedCap UE modems. Device types should be defined so as not to fragment the UE modem market. Evolution of a single market segment (e.g. wearables) may play an essential role in enabling other markets across all application scenarios through economies of scale for RedCap UE modems. 
UE Complexity Reduction in FR1
UE bandwidth reduction
	From the WI objectives on Reduced maximum UE bandwidth in FR1:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
The supported options for Rx antennae number in FR1 is related with the bandwidth though the achievable maximum device data rate and throughput as well. For the antennae the WI specifies:
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, 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 in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
In other words, the possible support for 1Rx antenna option is no further discussed in RAN1 and will be decided upon in the next plenary meeting.



In the uplink the wider bandwidth option cannot help with coverage, and can be exploited for higher throughput in the case of UE’s with good SINR levels only. Nevertheless, high-end cameras may benefit from a 40 MHz bandwidth option in uplink. The use of higher bandwidth and therefore higher device data rates may also translate to shorter radio ON-times, but this in itself will probably not result in noticeable battery life saving. 
Restricted 20 MHz DL UE bandwidth is not critical for applications with uplink heavy traffic, at all.  
UEs may be able to benefit from the increased frequency diversity in DL and/or UL with the wider bandwidth. 
High-end wearables devices could benefit from 40 MHz bandwidth option, hence higher maximum device data rate and throughput. The following considerations can be made: 
· 20 MHz UE bandwidth and 1 Rx antenna is sufficient to achieve the application bit rate of 5-50 Mbps targeted in wearables in DL even in TDD operation, and can support a peak device data rate of 109 Mbps assuming 256QAM, which is higher than the peak DL data rate of Cat 3 LTE (102 Mbps).  
· 20 MHz UE bandwidth is sufficient in wearables to achieve the targeted peak device data rate [6] of 150 Mbps in downlink, when assuming two layers. 64-QAM modulation rate is sufficient. 
· 40 MHz UE bandwidth is required in wearables to achieve the targeted peak device data rate [6] of 150 Mbps in downlink, is sufficient when assuming single Rx antenna. 64-QAM is sufficient.
Although such a configuration compensates the throughput for the reduced Rx antennae number, it fails to remedy the low efficiency of 1 Rx antenna operation, which leads to degradation in system capacity. The coverage issues require specification efforts to solve, too. 
· The lower the bandwidth, the more constrained the scheduling is. However, 20 MHz does not seem to be too restrictive, considered that the operation bandwidth of NR may vary in the range of 5-50 MHz for SCS of 15 kHz, and 10-100 MHz when SCS is 30 or 60 kHz ([4], TS38.101, Table 5.3.5-1 Channel bandwidths for each NR band).
In conclusion, all RedCap use case requirements can be satisfied using the 20 MHz bandwidth option, except for the maximum device data rate of high-end wearables with 1 Rx antenna. On one hand, the requirements for such configuration could be relaxed without jeopardizing the application throughput. On the other hand, although 40MHz UE bandwidth option with 1 Rx antenna could provide the higher DL throughput (both below and above 2.5 GHz in FR1), it would fail to remedy the low efficiency and limited DL coverage issues of 1 Rx antenna.  
Observation 3: UE configuration with 20 MHz maximum bandwidth and 1 Rx layer is sufficient to achieve the targeted application bit rate of 5-50 Mbps in DL even in TDD operation, and can support a peak device data rate of 109 Mbps assuming 256QAM, which is higher than the peak DL data rate of Cat 3 LTE (102 Mbps).
Proposal 1: For RedCap UEs in FR1, there is no issue if the UEs do not achieve 150 Mbps.
Observation 4: Although 40 MHz UE bandwidth option with 1 Rx antenna could provide higher DL throughput (below and above 2.5 GHz in FR1), it would fail to remedy the low efficiency and limited DL coverage issues with 1 Rx antenna.
Half-duplex FDD
	WI [3]:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


Two options have been considered previously:
Option 1: Operation could be similar to half-duplex FDD LTE: the UE turns into transmit mode when it has an uplink transmission and turns back to reception immediately afterwards. This behavior is different from TDD operation configured in Section 11.1 of TS38.213. With Option 1: 
· The UE needs to report the lack of full-duplex capability to the gNB. With this expectation, the scheduler makes sure that uplink and downlink transmissions of the same RedCap UE do not overlap. Furthermore, CG and SR must not conflict with DCI monitoring or beam tracking. This requires further specification efforts. 
· Each half-duplex UE switches between DL and UL at independent points in time, thus scheduling effectiveness may be preserved. 
· The modem design cannot be simplified, only the duplexer is dropped. The same UE modem IC can be reused for full duplex and half-duplex equipment design, thus avoiding UE modem market fragmentation.
Option 2: Extend the TDD operation in Section 11.1 of TS38.213 [9] to half-duplex FDD. That is, the UE is configured with a D/U pattern. With Option 2: 
· [bookmark: _GoBack]The UE needs to report the lack of full-duplex capability to the gNB. With this expectation, the scheduler configures the UE with a U/D pattern and uses this afterwards. The advantage compared to Option 1 is that CG and SR conflict avoidance with DCI monitoring or beam tracking is taken care of. This minimizes specification efforts as the WI requires, and may adversely affect the cost of redesign as well. 
· Each half-duplex UE may still switch at independent points in times between DL and UL, thus scheduling effectiveness may be preserved. In fact, the scheduler may even be simpler with Option 1.
· The modem design can be simplified as well if FDD is not supported by the UE.
· Latency is not an issue either. If the traffic is latency critical then the UE’s U/D pattern can be adjusted to this requirement.
In comparison, Option 2 requires less specification and redesign effort while it has no downside. Therefore we propose to support HD-FDD as described in Option 2.
Proposal 2: Extend the TDD operation in Section 11.1 of TS38.213 to half-duplex FDD, whereby the UE operating in an FDD band is configured with a U/D pattern specific to the UE.
Conclusions
In this contribution we made the following observations:
Observation 1: RedCap SI/WI should aim at bringing the following relevant enhancements by application scenarios:
· Reduced power consumption for IWSN
· Reduced cost for surveillance cameras
· Reduced form factor, cost and power consumption for wearables
Observation 2: Economies of scale can drive the cost reduction for RedCap UE modems. Device types should be defined so as not to fragment the UE modem market. Evolution of a single market segment (e.g. wearables) may play an essential role in enabling other markets across all application scenarios through economies of scale for RedCap UE modems. 
Observation 3: UE configuration with 20 MHz maximum bandwidth and 1 Rx layer is sufficient to achieve the targeted application bit rate of 5-50 Mbps in DL even in TDD operation, and can support a peak device data rate of 109 Mbps assuming 256QAM, which is higher than the peak DL data rate of Cat 3 LTE (102 Mbps).
Observation 4: Although 40MHz UE bandwidth option with 1 Rx antenna could provide higher DL throughput (below and above 2.5 GHz in FR1), it would fail to remedy the low efficiency and limited DL coverage issues with 1 Rx antenna. 
In this contribution we made the following proposals:
Proposal 1: For RedCap UEs in FR1, there is no issue if the UEs do not achieve 150 Mbps.
Proposal 2: Extend the TDD operation in Section 11.1 of TS38.213 to half-duplex FDD, whereby the UE operating in an FDD band is configured with a U/D pattern specific to the UE.
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