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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The RedCap study item [1] was agreed in Dec 2019 / RAN86. The first RAN1 meeting took in May 2020 / RAN1#101-e, with online and email discussions resulting in a more than 200 pages of proposal summaries from the rapporteur. It is clear from the meeting discussions that the scope of the study is both too big and not well enough defined. This contribution contains a summary of the main issues and a few possible constructive recommendations to consider. Our hope is the orderly delivery of RedCap features in the standards, within Rel-17, to best increase the impact of NR in the industry.

Why is RedCap so big?
A summary of the main differences between RedCap and eMTC are provided in the Table. Essentially, there are several more use cases, both FR1 and FR2, more complexity reduction techniques, and (possibly) similar coverage extension. The evaluations for power savings and (possibly) coverage enhancement evaluation may also be on the same order as those perspective studies. Given that it took eMTC three releases (Rel-11 to 13) of conventional meetings to complete with much less scope, it will be a challenge to finish RedCap in a single release.

	Aspect
	eMTC
	RedCap

	Use cases
	LPWA
	Industrial sensor (incl URLLC)
Video surveillance
High end wearables

	Complexity analysis
	FR1
FDD
	FR1 and FR2
FDD/TDD, TDD

	Complexity techniques
	Antenna, BW, …
	Antenna, BW, …
(possibly) a new processing timeline

	Coverage extension
	Low and High
	Low and (possibly) High

	Coverage evaluation
	Simple (link budget, limiting channels)
	(possibly) Simple
(possibly) replicate CE SI

	Power evaluation
	None (qualitative)
	(possibly) replicate PS SI




Discussion on the Study Item Description
There are a few things worth discussing in the SID with regards to scope:
1. Use cases and deployment scenarios
2. Existing limitations in the SID
3. The set of complexity reduction techniques
4. [bookmark: _Hlk43329330]The relation of RedCap to other WI and SI

Use cases and deployment scenarios
One of the reasons that RedCap is a study and not a work item directly is that it was difficult to converge on a single use case, and whether to have one or more than one device type to support the use cases was left unresolved. The three use cases are given below. 
Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. 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. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

In RAN1#101-e there was a proposal to add a fourth use case for low-end wearables which received good support. Some concerns were raised regarding workload (e.g., do we need to evaluate/analyze if similar to industrial wireless sensors? Are these the same priority as the current wearables in the SID? Etc.) As new use cases should be added in RAN, not RAN1, discussion on low-end wearables is expected at RAN#88e. 
The deployment scenarios in the justification of the SID includes: System should support all FR1/FR2 bands for FDD and TDD. Per agreements in RAN1#101-e, the cost/complexity evaluation will be based on 36.888 [2] as a starting point, with updates for at least FR2 to include antenna parts. An argument for including FDD is that the cost/complexity reduction estimate for half-duplex should be relative to FDD.
The use cases and deployment scenarios have the effect of (roughly) multiplicatively increasing the workload in the SI. Reducing the number of (use cases) x (deployment scenarios) (or prioritizing such that no study is performed until the non-low priority work is completed) will reduce the workload.
Recommendation 1
· Consider to reduce or prioritize the number of (use cases) x (deployment scenarios).
· Consider to focus on studying one device type per FR that supports all use cases in Rel-17

Existing limitations in the SID
The SID contains several limitations that are intended to promote as much reuse of NR as possible, while creating a device that is distinct in the market from both “normal” NR and LPWA (i.e., LTE eMTC/NB-IoT). The reuse, minimization of L1 changes, and not seeking High levels of coverage enhancement also help to contain the workload. 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
In RAN1#101-e there were two proposals and that caused discussion on the above limitations. 

Study 10MHz bandwidth in addition to 20MHz. 
Proponents considered that 10MHz could offer cost or battery life benefits. Opponents considered it would certainly lead to multiple device types, impact initial access and cause other restrictions, and increase workload. Some concern also on 20MHz being better for future unlicensed RedCap. In the end, since the SID says the capability should not be less than a LTE Cat 1bis modem (which is 20MHz), 10MHz was not agreed. Proponents argued that the data rate might still be at least LTE Cat 1bis but were told since the SID says capability and BW is obviously one of the capabilities we are considering reducing, they would need to go to RAN to change the limitation.

Recommendation 2
· Sub-20MHz RedCap is considered out of scope in Rel-17

For FR1, potential reduced antenna efficiency due to device size limitations for wearables can be reflected as part of the antenna gains in the coverage analysis. 
Proponents argued that this is important for wearables. Opponents argued that efficiency was unclear, that the study was not intended to look at High coverage enhancement, and that coverage compensation in the study is only for the listed complexity reductions. A proponent made a good observation that since a RedCap UE can use all existing rel-15, rel-16, and upcoming rel-17 features for improving coverage, there may be no additional enhancement needed.
It is a valid point that RedCap UEs should consider using every available already standardized feature for improving coverage. This is true for all device types and use cases. The SID also says “study functionality”, which is not necessarily new functionality. 

Recommendation 3
· The study includes an evaluation of the coverage benefits for existing Rel-15 and 16 features which improve coverage
· Coverage shortfall for reduced antenna efficiency may be noted in the TR
· Studying new functionality for coverage compensation specifically for reduced antenna efficiency is considered out of scope in Rel-17

The set of complexity reduction techniques
The complexity reduction features from the SID are listed below. Progress was made in RAN1#101-e on reduced antennas and on BW reduction, which are considered by most as the techniques that offer “the biggest bang for the buck”. The remaining techniques all had diverging views on the value and possible gains and are discussed further here. It is worth noting that there is no specific complexity reduction target for any particular use case.

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· [bookmark: _Hlk43324610]Relaxed UE processing capability 

Half-duplex FDD UE
It was agreed in RAN1#101-e to Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized. Most companies preferred Type A (eliminates duplexers by not transmitting and receiving at the same time) as Type B (additionally eliminates an oscillator by introducing much longer guard periods). Type A is used by normal LTE and supported in the Cat 1bis modem. Type B is supported in LPWA MTC devices. For Type B there were concerns raised on limited additional cost savings and significant losses in latency, throughput, and scheduling flexibility. As a lower priority, the rapporteur should ensure that no time is spent on it while high priority study needs to be done. However, given the expected gains, limited applicability (only FDD FR1), and overall workload, some reduction in scope can be considered.

Recommendation 4
· Consider studying FDD RedCap devices only for HD complexity reduction
· Discuss whether Type B HD should be considered out-of-scope in Rel-17

Relaxed UE processing time
A few proposals were made in RAN1#101-e, and it was agreed to study a more relaxed UE processing time in terms of N1/N2 compared to capability #1. There were a number of concerns raised that the standardization effort may be very significant and the gains very limited. Scheduling complexity may also be increased, there may be coexistence issues, and the technique cannot be used for all use cases. Given the views so far, most may agree that relaxed UE processing time can be considered as a lower priority than at least antenna reduction and BW reduction.

Recommendation 5
· Relaxed processing time is studied at a lower priority in Rel-17

Relaxed UE processing capability
[bookmark: _Ref129681832]The relaxed processing capability objective was not clearly defined when the SID was set up. In a sense, almost anything can be seen to reduce processing in some way. As a result, many techniques were proposed. Even though lumped under a single objective, if studied each will require the same full analysis as any other SID technique included in the TR. Until the objective is clarified, significant fighting is expected as companies argue for their favorite technique.
[bookmark: _Hlk43329064]There was a rapporteur proposal in RAN1#101-e to study two techniques and make two FFS or lower priority. These are shown below. It was not agreed as some wanted the last two not to be FFS, while some did not want these included at all (but would accept FFS). One argument against the last two was that there may be little benefit on top of bandwidth reduction, so if considered it should be after reduced bandwidth is studied. There was also a concern that the last two were very much tied to the specific use cases and multiple RedCap device types. For the maximum modulation order restriction, there was a comment that the gains would accumulate over the multiple RF bands typically present in a device, in contrast to baseband oriented techniques. The modulations restrictions most often mentioned were making 256QAM on the DL and 64QAM on the UL optional for FR1.

•	Reducing the maximum number of MIMO layers
•	Maximum modulation order restriction
•	FFS: Reduced max TBS
•	FFS: Reduced number of HARQ processes

Recommendation 6
· Clarify relaxed processing capability with at most [two] sub-objectives, prioritizing as necessary
· If the modulation order restriction is studied, study making 256QAM on the DL and 64QAM on the UL optional for FR1.

The relation of RedCap to other WI and SI
RedCap is related to power savings and coverage enhancement WI/SI.

Power Savings
RedCap power savings is related to the Rel-16 and Rel-17 power savings items. A lot of work has already been done for power savings in Rel-16 (e.g., by the use of DCI format 2_6). The power savings are substantial, as quantified in TR38.840. For Rel-17, in addition to the already mentioned overloading of the RedCap study, having the same topic into two different items is not desirable since it can result in duplication of work as well as an increased chance that the techniques developed in one SI are not applicable to the other. Therefore, it would be beneficial to clarify the relationship between the SIs. 
One way is to have a profile for power savings defined in RedCap and passed to the power savings item, where the study for RedCap would be done. This may result in better efficiency and better use of time for both items. It also ensures that one technique that would be beneficial for RedCap can be fully quantified and if applicable used by other UEs (and vice-versa). Another way would be to continue in RedCap for the SI reusing as much as possible from power savings, and revisit later which WI is most appropriate after the SI is complete. 
Recommendation 7
· Clarify the relationship between the RedCap and Rel-17 power savings SI

Coverage Enhancement
RedCap coverage compensation is related to Rel-15 and Rel-16, as discussed above, but also the concurrent Rel-17 coverage enhancement. There is a note in the SID:
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.
The potential overlap needs to be discussed and resolved. In RAN1#101-e, there were diverging views ranging from a performing a simple link budget analysis amd identify limiting channels (similar to 36.888), to re-agreeing (or modifying) every agreement coming from the coverage enhancement study and then replicating such a study in RedCap. The current status is “if/when” coverage evaluations outside the CE SI are needed, as in the CE SI the basic evaluation methodology would be based on link level simulations. A few settings for “calibration purposes” were provided.
In general, it is possible that some Coverage Enhancement SI conclusions and results may be and relevant for RedCap, even if the traffic is not exactly the same. For example, identification of limiting channels or quantifying the benefits of an existing feature that improves coverage (such as repetition) may not be so tied to specific RedCap traffic models. It may also not be easy to prevent a RedCap device to be used for other traffic such as eMBB or VoIP. It may be worth having the coverage enhancement study item also include at least some RedCap specific deployment scenarios with a RedCap UE with specific complexity reduction features (such as with 20 MHz BW and/or reduced number of antennas). 
It is also recommended that a RedCap UE uses all suitable Rel-15, Rel-16 and Rel-17 UE features (which may be mandatory or optional with capability signaling features) before deciding that new coverage enhancement functionality is needed.  This was discussed earlier in the context of antenna efficiency and Recommendation 3.

Recommendation 8
· Resolve the potential overlap with the coverage enhancements study in RAN#89
· For coverage recovery in RAN1#102-e, focus on
· Identifying existing functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited
· Identify a subset of the coverage enhancement deployment scenarios that is most relevant for devices with RedCap complexity reduction techniques

Conclusions
The following recommendations are made to help progress RedCap within Rel-17. Our recommendations are as follows:
Recommendation 1
· Consider to reduce or de-prioritize the number of (use cases) x (deployment scenarios).
· Consider to focus on studying one device type per FR that supports all use cases in Rel-17
Recommendation 2
· Sub-20MHz RedCap is considered out of scope in Rel-17
Recommendation 3
· The study includes an evaluation of the coverage benefits for existing Rel-15 and 16 features which improve coverage
· Coverage shortfall for reduced antenna efficiency may be noted in the TR
· Studying new functionality for coverage compensation specifically for reduced antenna efficiency is considered out of scope in Rel-17
Recommendation 4
· Consider studying FDD RedCap devices only for HD complexity reduction
· Discuss whether Type B HD should be considered out-of-scope in Rel-17
Recommendation 5
· Relaxed processing time is studied at a lower priority in Rel-17
Recommendation 6
· Clarify relaxed processing capability with at most [two] sub-objectives, prioritizing as necessary
· If the modulation order restriction is studied, study making 256QAM on the DL and 64QAM on the UL optional for FR1.
Recommendation 7
· Clarify the relationship between the RedCap and Rel-17 power savings SI
Recommendation 8
· Resolve the potential overlap with the coverage enhancements study in RAN#89
· For coverage recovery in RAN1#102-e, focus on
· Identifying existing functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited
· Identify a subset of the coverage enhancement deployment scenarios that is most relevant for devices with RedCap complexity reduction techniques
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