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1 Introduction

In RAN#86, NR REDCAP study item was approved to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve specific use cases [1]. The motivation of this study is to bring 5G to reasonable pricing, allow refarming of 4G bands and allow expansion of NR in larger and new segments of the market. The study targets also IoT over 5G apps including industrial sensors, video surveillance and wearables, with capabilities ranging from Cat-1bis to Cat-4 LTE, above LPWA segment and below eMBB and URLLC. It is also noted that according to SID, focus is on SA mode and single connectivity.
In this contribution, we provide some high-level discussion on the study framework as well as on the main objectives of the study.

2 Discussion
2.1 Study framework
In the near future, new use cases are foreseen, requiring characteristics not provided by LTE-IoT for mMTC (i.e. LTE-M and NB-IoT). In addition, these use cases will have relaxed requirements compared to eMBB or URLLC. Industrial wireless sensors (low latency, high service availability with high battery life), video surveillance (low latency, high UL traffic and throughput), and certain types of wearables (high DL/UL throughput) have been selected as the focus of the study and some of their specific requirements are explained in the SID justification. For such new use cases, a RedCap UE solution is welcome and typical target is something rather equivalent to LTE Cat-1 or Cat-4. For all these motivating use cases, it is also important to highlight in the study why they cannot be served by legacy LPWA LTE UE categories (i.e. from Cat-NB to Cat-1bis). 
Some prioritization of the use cases should be considered, at least at the beginning, for the sake of time management as well as for reaching significant results, since it could be difficult to propose a real reduced capability solution if too wide requirements must be covered. In our view:
· Industrial wireless sensors – this use case could be of priority as it is of significant commercial importance and the concurrent support of strict availability and latency requirements cannot be handled by LTE technology. Thus, in order to have an efficient study, evaluation of possible solutions should rely on higher throughput scenarios. 

· Video surveillance – the study can also prioritize this use case, as it provides good balance between the studied criteria (throughput, latency, reliability). Furthermore, data rates higher than 10Mbps should be considered since video applications require such high data rates for rea-time transmission.
· Wearables – this use case could be of lower priority as it can be handled by LTE in the short to medium time frame.
Proposal 1: Use case prioritization should be considered in the study for more efficient and focused approach on defining solutions for RedCap UE. Video surveillance and Industrial wireless sensors could be focused first in terms of assumptions and evaluation analysis.
In conjunction with the above scenario prioritization for focusing in the beginning of the study, high-level simulation assumptions as well as required evaluation models should be also discussed and consolidated, to set up the basis for subsequent analysis.

2.2 Complexity reduction

For complexity reduction of NR RedCap devices, several mechanisms are under consideration such as reducing number of UE RX/TX antennas, bandwidth reduction, HD-FDD, relaxed UE processing time and/or capability. On one hand, how much cost/complexity can be reduced is unclear. On the other hand, the exact performance targets of each use case in focus as well as the performance loss caused by these proposed solutions is also not clear. For example, HD-FDD will put limitation on latency and it needs to be investigated if complexity saving justifies its support. In another example, one could propose for lower number of RX/TX antennas or antenna elements per port in FR1 and/or FR2, or a lower BW CORESET option in spec to reduce significantly device cost, however, the target data rates should be primarily considered to drive decisions for antenna or BW reduction. 
Hence, in study phase, the use cases and assumptions should be consolidated and the possible mechanisms need to be studied and evaluated to identify the tradeoff between potential performance loss (e.g. coverage loss) and cost/complexity reduction. Analysis should also consider the specifics (e.g. latency, target data rate, connection density) of the different use cases. The past study of low cost LTE MTC UEs can be used as guide for the evaluations on UE cost and complexity as well as coverage, data rate, spectral efficiency and power consumption [TR 36.888]. NR REDCAP study item should extend on these evaluations considering the particular aspects of RedCap case such as:
· the higher throughput requirements as well as the latency aspect which is missing from LTE MTC study. 

· reliability, backward compatibility and coexistence with legacy NR and LTE UEs. 

· differences of NR baseline from LTE, e.g. the larger BW from LTE MTC UEs, or the fact that evaluation and cost analysis on FR2 can be quite different from FR1. 

· Specifically regarding the RedCap cost model, it could prove useful to include breakdown between baseband and RF cost, as well as a separate cost structure for FR1 and FR2 RF.
Eventually, based on the evaluations in study phase, we will be able to determine which methods can be used as standardization techniques and narrow down the scope of the subsequent RedCap WI. As an initial high-level direction for complexity reduction, we have the view that 2 RX antenna should be considered as minimum for NR RedCap devices to ensure minimum coverage in a less troublesome way but more importantly to ensure good (at least as good as LTE) perceived quality of experience for users and not endanger the position of NR as a universally better technology.
Proposal 2: 2 RX antenna should be considered as minimum for NR RedCap device.
2.3 Power saving and battery lifetime enhancement
Power saving in the study for RAN1 is focused on reduced PDCCH monitoring since the solutions specified in power saving Rel-17 WI can be also applicable to NR RedCap UEs. The high-level target of the study on this aspect should be to identify mandatory support of the existing features for power saving. An accurate and detailed power consumption model is paramount to achieve that. The power consumption model of TR 38.840, for FR1 and FR2, from Rel-16 power saving NR study should be reused as much as possible. In addition, some refinement will be needed to better capture the additional reduced capability (e.g. reduced bandwidth, reduced MIMO order, etc.). 
Proposal 3: Consider the power consumption model of TR 38.840 as a starting point, and refine it for the sake of capturing finer adaptation as proposed by REDCAP study.
2.4 Coverage recovery

Similarly to power saving, the solutions specified in coverage enhancements Rel-17 WI can be also applicable to NR RedCap UEs. The REDCAP SI should take into account the parallel work taking place in the coverage enhancements WI and focus on possible additional features (e.g. repetition) to recover from cost and/or complexity reduction techniques to compensate the coverage loss due to e.g. reduced number of antennas, reduced diversity from narrower BW, etc.
Generally speaking, the main focus of the proposed technique in that area should consider the direction that coverage should not be overcompensated (i.e. not coverage enhancement to address IoT/basement cases) as well as the latency aspect which will be of high importance in RedCap UEs – thus, repetitions for example could be considered as an option but with strictly limited number to not affect this direction.
3 Conclusion
In this contribution, we discuss important issues regarding the study framework and provide some high-level view on aspects of the study regarding complexity reduction, PDCCH monitoring and coverage recovery. We reach to the following proposals:  

Proposal 1: Use case prioritization should be considered in the study for more efficient and focused approach on defining solutions for RedCap UE. Video surveillance and Industrial wireless sensors could be focused first in terms of assumptions and evaluation analysis.
Proposal 2: 2 RX antenna should be considered as minimum for NR RedCap device.
Proposal 3: Consider the power consumption model of TR 38.840 as a starting point, and refine it for the sake of capturing finer adaptation as proposed by REDCAP study.
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