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1. Introduction
For the work item (WI) in [1], this tdoc discusses the feasibility of UE complexity reduction features including:

· Number of hardware variants

· Peak data rate
· Number of Antennae
· Modulation and MIMO
· HD-FDD support
· Relaxed UE Processing Time
2. Number of Hardware Variants
The key objective in the RedCap WI is to reduce the ASP (average selling price) to the consumer which is generally linked to these factors:
· NRE (non-recurring engineering) - cost to develop the chipset/module 
· Volume – the number of lifetime units sold
· Production Cost – the cost to produce and build each chipset/module
· Profit 

The NRE for development of a new cellular chipset/modules is very large and the NRE needs to be recovered over the lifetime volume of the product. If the lifetime volume is low, the NRE per unit will become a significant portion of the ASP. 3GPP needs to carefully consider the repercussions of creating too many hardware variants which will split the volume per hardware variant. For example, if we have a different hardware variant for the industrial wireless sensors, video surveillance, and wearables use cases identified in this WI, the volume is then split three ways and the ASP will not be optimized. Ideally, one hardware variant should be specified to support all of these use cases.
Proposal 1:   The number of RedCap UE hardware variants should be limited as much as possible (i.e. ideally one) to provide economies of scale. 
In LTE, a good example of a hardware variant which meets the needs of many use cases and provides a good balance between performance and cost is the LTE CAT-4 UE.  From the GSA March 2020 report on LTE ecosystem [2], 54.4% of all LTE devices are category 4 UEs.  In fact, Cat-4 chipsets are so cost effective that some Cat-1 UEs use a Cat-4 chipset with special firmware to limit capability because it is cheaper to discount the Cat-4 chipset when used as a Cat-1 than to spend the NRE to develop a new Cat-1 chipset. 
Observation 1: The LTE Cat-4 UE has an excellent cost/performance balance and covers many use cases thus should be used as a basis for setting RedCap UE requirements.
3. Peak Data Rate
Choosing an appropriate peak data rate for RedCap UEs is a very important aspect of usability. If too low a data rate is specified, it will exclude certain use cases and reduce lifetime volume and adversely increase ASP. Unfortunately one can argue that 3GPP’s initial peak data rates choice for LTE-M and NB-IOT were not hitting the best cost/performance since there have been constant improvements to increase the data rates for LTE-M and NB-IOT (especially in release 17).  In the justification section of the WID [1], the following is documented WRT reference and peak data rates:

· Industrial wireless sensors: “The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary.” 

· Video Surveillance: “Reference economic video bitrate would be 2-4 Mbps. High-end video would require 7.5-25 Mbps.” From [3] TS 22.804 “Video support: 12 Mbit/s to 50 Mbit/s (1080p, H.265).”

· Wearables:  “Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink “

Note:  “Peak data rate” is very different from the “reference bit rate” – the “reference bit rate” is the actual data rate needed to support the application and actual data rates obtained on networks are often 1/4 or less than the peak data rates the UE can support. This is mainly because network resources are shared with other users, and peak data rates can only be obtained in near perfect channel conditions both of which are time varying and impossible to predict. 3GPP can only specify the UE’s peak data rate and not the “reference bit rate” so RedCap requirements should be specified as “peak data rate” requirements and not “reference bit rate”.  In the case of the wearables, the peak data rate is quite high and would be difficult to be met after some of the proposed capability reductions are applied, especially for TDD and HD-FDD. These peak rates should be adjusted for formats other than FD-FDD.     
In the RAN 89e [6] email discussions on the peak data rates for RedCap wearables, there was a conclusion to not update the SID. The main understanding for the peak data rates was that RedCap would support up to the stated rates but not necessarily to that absolute rate. Naturally, depending on the RedCap complexity reduction features the peak data rates, the resulting peak data rate would differ. 

Proposal 2:   The UL/DL peak data rates required for RedCap UEs should be agreed where rates less than 150MHz DL and 50MHz UL can be considered.

4. Reduced Number of Rx Antennas
Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
In the RAN1 #101e [4] it was discussed and agreed to study both 1Rx and 2Rx RedCap UEs. Reducing the number of antennae RedCap UEs need to support will save chipset/module cost but at the expense of DL spectral efficiency and peak data rates (with MIMO). With LTE Cat-1bis, given the large loss of DL spectral efficiency when using 1 Rx antenna, MNOs often require special approval or permission to use a Cat-1bis where MNOs restrict usage to IoT applications with little monthly DL traffic. Most of the motivation for the Cat-1bis comes from legacy customers that previously used 2G modules which only needed one antenna and the cost to redesign the end product to support two antennae is prohibitive.
Clearly there is market demand for both a 1 RX and 2 RX RedCap UE, however, the WID states that the MNO shall have the ability to reject 1 RX UEs and for this reason the 2 RX RedCap UE should be the baseline functionality. Given this, the specification should not require additional functionality to the network to support 2 RX RedCap UEs but the specification can specify additional functionality to support 1 RX RedCap UEs. 

Proposal 3:   The study should recommend to specify both 1 RX and 2 RX Redcap UEs however, the specification shall be written such that additional functionality to support 1 RX is optional. 
5. Relaxed Modulation and DL MIMO Layers
Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.
· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· Restriction to 1 or 2 MIMO layers in DL can be studied.

· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.

In the RAN1 #102e [5] it was discussed and agreed to study the relaxation of the required MIMO layers. Supporting multiple MIMO layers would provide the higher peak data rates and improved spectral efficiency that some of the RedCap uses cases would need. Hence, restricting all RedCap devices to a single MIMO layer should not be considered. 

For example, the peak data rate for FR1 15kHz SCS FDD 20Mhz BW with scaling factor=1 would be: 

· DL 2 MIMO layers with 64QAM would have a peak rate of ~170Mbps. 

· DL 1 layer with 64QAM would have a peak rate of ~86Mbps. 
For example, the peak data rate for FR1 30kHz SCS TDD (DDDDDDDSUU; S:6D:4G:4U) 20Mhz BW with scaling factor=1 would be: 

· DL 2 MIMO layers with 64QAM would have a peak rate of ~122Mbps. 

· DL 1 layer with 64QAM would have a peak rate of ~60Mbps. 
The only restriction on the number of MIMO layers would be from the number of supported Rx chains. RedCap devices that only support one Rx would be restricted to a single MIMO layer, therefore, allowing MIMO as optional feature for devices with more than one Rx does not seem necessary. It would lead to additional device variants without a significant cost savings. Requiring the RedCap to support MIMO for the supported number of Rx chains would be the simpler approach. 
Proposal 4:   FR1 RedCap UEs that support 2 (or more) RX antennas shall support DL MIMO.
Reducing the modulation order to 64QAM in the DL and 16QAM in the UL, would reduce the performance requirements on the hardware components (such as LNAs and PAs) allowing for cheaper components. 

Proposal 5:   The study should recommend that 64QAM DL modulation and 16QAM UL modulation be the baseline functionality where 256QAM DL and 64QAM UL can be a UE capability.
6. Half Duplex FDD

Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
In RAN1 101e [4], it was agreed that the RedCap study would include both HD-FDD operation Type A and Type B. Adding support for HD-FDD for RedCap is very beneficial but HD-FDD operation Type A should be the main focus of the study. The cost reduction by using a single oscillator, that Type B would allow, would not provide a significant reduction. Using Type B would however have a significant impact on the throughput and latency performance. 

Half duplex FDD (HD-FDD) has been deployed very successfully by LTE-M and NB-IoT to support 20+ RF bands in a very cost-effective way without significantly reducing data rates (e.g. HD-FDD LTE-M Rel 17 supports ~70% the peak data rate of a FD-FDD UE) or increasing latency (LTE-M HD-FDD latency is only 14% longer than regular LTE). Given the higher complexity permitted for RedCap UEs than for LTE-M UEs (e.g. support for dual synthesizers to support faster switching), even less speed degradation and less latency degradation is possible with RedCap. A big advantage of HD-FDD is that it no longer needs SAW (surface acoustic wave) duplexers for each FDD band. Duplexers are expensive, difficult to integrate, and have high insertion loss (~1.5 dB) which wastes power and requires a larger PAs and more expensive LNAs.
Observation 2: HD-FDD will lower UE costs, reduce power consumption, and reduce UE size.
HD-FDD was specified in LTE but it was not deployed widely, we believe it was that initially the value of a single worldwide device was underestimated. It was not until LTE-M and NB-IOT were deployed with worldwide devices that it became understood. However, it is now too late for the development of LTE HD-FDD devices. This means that lower cost LTE devices are typically are band regionalized (multiple variants) to reduce the cost. 
RedCap’s support of HD-FDD is essential to being able to produce a low power, small, and cost optimized UE that operates worldwide and a HD-FDD RedCap UE will meet all the speed and latency requirements from the use cases listed. 
Proposal 6:   The study should recommend that HD-FDD be the baseline functionality where FD-FDD can be a UE capability

7. Relaxed UE Processing Time
Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

Agreements:

· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,

· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)

· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS

Agreement:

· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.

From our analysis, the cost savings that can come from this processing time relaxation is immaterial and it would also have negative consequences by creating additional RedCap variants thus the following proposal is made: 
Proposal 7:   The study should not recommend specifying any UE processing time relaxation as a complexity reduction technique.

8. Conclusions
Observation 3: The LTE Cat-4 UE has an excellent cost/performance balance and covers many use cases thus should be used as a basis for setting RedCap UE requirements.

Proposal 8:   The number of RedCap UE hardware variants should be limited as much as possible (i.e. ideally one) to provide economies of scale. 

Proposal 9:   The UL/DL peak data rates required for RedCap UEs should be agreed where rates less than 150MHz DL and 50MHz UL can be considered.

Proposal 10:   The study should recommend to specify both 1 RX and 2 RX Redcap UEs however, the specification shall be written such that additional functionality to support 1 RX is optional. 

Proposal 11:   FR1 RedCap UEs that support 2 (or more) RX antennas shall support DL MIMO.
Proposal 12:   The study should recommend that 64QAM DL modulation and 16QAM UL modulation be the baseline functionality where 256QAM DL and 64QAM UL can be a UE capability.
Observation 4: HD-FDD will lower UE costs, reduce power consumption, and reduce UE size.
Proposal 13:   The study should recommend that HD-FDD be the baseline functionality where FD-FDD can be a UE capability
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