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1. Introduction
One of the objectives for Rel-17 study item on support of reduced capability NR devices (RedCap) [1] is:
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
In RAN2#112e meeting, the definition and constraining of reduced capabilities were discussed. Some progress on UE capability category, capability design principle, how can the network know whether the UE is RedCap UE or not, and how to ensure the RedCap UE is only used for intended use cases were concluded and captured in TR. 
In this contribution, we will present our views on the remaining issues, including the suggesting conclusions and recommendations. 
2. Discussion
2.1. Reduced capability signaling definition
In RAN2#112e meeting, it was agreed that:
	Agreements via email - offline 112:

1. Following capability design principle is considered for RedCap UE, but details should be discussed in WI phase:

Alternative 1:

- The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:

· Mandatory features for non-RedCap UE that are not supported for RedCap UE;

· Mandatory features for non-RedCap UE that are optional for RedCap UE;

· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;

· Optional features for non-RedCap UE that are not supported for RedCap UE;

· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.

For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs.The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.

Alternative 2:

Directly define the UE capabilities required for RedCap devices, including:

-- Mandatory features for RedCap UEs (defined in specification);

-- Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE).


For the mandatory features supported by RedCap UEs, we also need to discuss:

· what feature(s) are mandatory without capability signaling, and what features are mandatory with capability signaling. It is assumed this part should be discussed and decided in RAN1. 
· For the mandatory features without capability signaling, whether the feature values are the same for all RedCap UEs and may have the same or different values with eMBB UEs. It is assumed this part should be discussed and decided in both RAN1/RAN2. 

· For the mandatory features with capability signaling, the signaling can be served as IOT bit and/or the signaling carrying different values for mandatory features can be used to differentiate RedCap UE types. It is assumed this part should be discussed in RAN2 based on RAN1 progress on reduced capability.
All these discussions are related to how many types of RedCap UEs will be defined and what the criterion to define the RedCap UE types is. Thus, we suggest to capture all options in TR, and the related part could be recommended in the WID for RedCap for further discussion after the discussion on RedCap UE types.
Observation 1:  The discussion on the reduced capability signaling design is related to how many types of RedCap UEs will be defined and what the criterion to define the RedCap UE types is. 
In RAN1 meetings, some discussion and conclusions are made on UE complexity reduction [2]. In RAN1 conclusion, UE reduced capabilities (e.g. bandwidth, antenna number, HD-FDD, cost, etc.) have been identified in different scenarios. In the RAN 88-e meeting, the SID description for wearable use case is revised to include the low-end wearables in addition to the high-end wearables as below:

	Use case specific requirements: 

[…]

· 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.  Battery of the device should last multiple days (up to 1-2 weeks).


Based on the justification and application scenarios for RedCap devices, we think the use cases for RedCap devices can be classified as the following three cases based on the different requirements, as shown in Table 1. 

Table 1: RedCap use cases and requirements

	Use cases
	reference bit rate 
	end-to-end latency 
	reliability /availability 
	peak bit rate
	Battery 

	Industrial sensors
	<2Mbps (UL heavy)
	<100ms;

5-10ms for safety related sensors
	Availability:99.99% 
	N/A
	few years

	Video Surveillance
	2-4 Mbps for economic video; 7.5-25 Mbps for High-end video
	< 500 ms
	Reliability: 99%-99.9%. 
	N/A
	N/A

	Wearable
	5-50 Mbps in DL and 2-5 Mbps in UL 
	N/A
	N/A
	Up to 150 Mbps for DL and up to 50 Mbps for UL
	Multiple days (up to 1-2 weeks)


From above summary, it is observed that the data rate and power consumption requirements are quite diverse for different use cases.
Observation 2:  The use cases and corresponding requirements are quite diverse for RedCap devices. 
In general, it is preferred to define less UE types considering the economics of scale and in order to avoid market fragmentation. However, if we only define one device type or category for all use cases, e.g., if one RedCap UE type is defined for the high-end use case assuming the higher data rate (e.g. 150Mbps DL and 50Mbps in UL), it will be challenging to achieve the target on power efficiency for sensors and low-end wearable devices. 
In addition, using a higher data rate modem (e.g. 150Mbps DL and 50Mbps in UL) for industrial sensors or low-end wearable devices is obviously not cost efficient. What is more, the number of low-end RedCap devices (including industrial sensors, economic video surveillances and low-end wearables) is expected to be much larger than the number of high-end RedCap devices (including high-end video surveillances and high-end wearables). 
Therefore, to meet the requirements for various RedCap use cases and to optimize the tradeoff between the economics of scale and cost/power efficiency, it is necessary to introduce two RedCap device types/categories: one device type/category is to cover the low-end use cases e.g., industrial sensor, economic video surveillance, low-end wearable use cases; while the other device type/category is for high-end use cases e.g., high-end wearable and high-end video surveillance use cases. 
It should be noted that the above two types/categories of RedCap UEs are defined mainly based on different UE capability according to requirements, such as data rate and power consumption. But different use cases even for the same device type/category have not been identified, e.g. low-end wearable and industrial sensor for low-end type of UEs. This differentiation should be considered during the network identification and access control, which is detailed discussed in [3]. 
Observation 3:  The tradeoff between economics of scale and cost/power efficiency should be carefully considered when defining the RedCap UE categories or types. 

Proposal 1: Two UE types/categories should be defined for RedCap devices to cover various use cases: high-end and low-end devices.
According to the conclusions made in the last RAN1 meeting, there are multiple directions for complexity reduction in different scenarios. Thus, RedCap UEs can be defined based on the UE capabilities/features. In LTE, UE categories are defined in the specification based on UE capabilities. In NR, there is no UE category, but the feature sets have been defined for the UE capabilities. In RedCap use cases, similar framework can be also applied to define the UE types/categories, i.e. two types of RedCap UEs can be defined in the specification based on UE feature sets. Detailed reduced features for RedCap UEs (e.g. Bandwidth, antenna number, power class, modulation, etc.) should be discussed and decided in RAN1 considering the complexity/cost/power consumption/etc. 
Based on the above analysis, the corresponding features for two types/categories of RedCap UEs are given in the following Table 2 as an example:
Table 2: Feature sets for two types/ categories of RedCap UEs
	Device type/ category
	Use cases
	Peak data rate
	Rx/Tx antenna
	Bandwidth

	Type 1 RedCap

(corresponding to LTE Cat 1bis)
	Industrial sensors, economic video, low-end wearable
	<=10Mbps in DL

<=5Mbps in UL
	1Rx/1Tx
	20MHz

	Type 2 RedCap

(corresponding to LTE 4)
	High-end video Surveillance, high-end wearable
	>10Mbps and <=150Mbps in DL

>10Mbps and <=50Mbps in UL
	1Rx/1Tx or 2Rx/1Tx
	40MHz for 1Rx or  20MHz for 2Rx


Proposal 2: Two UE types/categories for RedCap devices can be defined based on the UE features (e.g. Bandwidth, antenna number, etc.). Detailed reduced capability could be discussed and decided in WI. 
2.2. Constraining for RedCap UEs
In RAN2#112e meeting, it was agreed that on constraining for RedCap UEs:

	1. Regarding how can the network know whether the UE is RedCap UE or not in order to handle UE capabilities properly, following options are considered and to be captured in the TR, the further analysis/down selection should be done in WI phase (following options may not be mutually exclusive, and may not be an exhaustive list):

Option 1: RedCap device type is indicated as part of the capability signaling

Option 2: Define a new IE specifically for RedCap Ues containing these additional Redcap specific capabilities that is included only by Redcap UEs.

Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA,etc, (pending RAN1 conclusion), and forwards it to target during Handover. 

Option 4: NW identifies RedCap UE based on the reported capabilities. That is, assuming there are capabilities specific to RedCap UEs not used by non-RedCap UEs, it should be clear to NW the UE is Redcap without any additional type indication (if such is not needed e.g. during initial access).


In our opinion, current mechanism, i.e. option 1/2/4 are enough for the objective to ensure the RedCap types of UEs are used for the intended use cases. For option 3, we cannot find strong motivation for this early indication. 

For example, the main motivations on the necessity to identify RedCap UEs by Msg.1 are:
1. Coverage recovery for Msg.2/3/4 and associated PDCCH

2. Identify UE minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2
3. Identifying UE capability for UL modulation order for Msg.3 and Msg.5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced;
4. Identifying UE max bandwidth capability for Msg.3 and Msg.5 scheduling and PUCCH in response to Msg.4.
For 1, based on simulation results in [6], the system bottleneck channels are uplink and there is no objective to recover the DL coverage. Therefore, coverage recovery for Msg.2/4 and associated PDCCH is not necessary and not required for RedCap. For Msg.3, it is noted that the Coverage Enhancements WI will specify mechanisms like Type A PUSCH repetitions for Msg.3, TB processing over multi-slot PUSCH and joint channel estimation etc. It is not specific for RedCap UEs, a general solution for differentiating the UEs requiring repetitions and UEs not requiring repetitions is more desirable. 

For 2, 3, 4, based on the approved WID scope, there are no objective to specify relaxations to UE min processing times for N1 and N2 compared to Rel-15/Rel-16, no relaxations to max UL modulation order and maximum UE bandwidth for initial access procedures are 20MHz for FR1 and 100MHz for FR2. Therefore, above motivations do not exist anymore. 

For identification in Msg.3, it was agreed in RAN2#112e meeting:

	Agreements:

1. Whether it is needed to identify RedCap UEs during Msg3 from RAN2 perspective or not depends on the following two aspects:

- Whether Msg4/5 special handing for RedCap UE is needed, pending RAN1

- Whether there is a need to reject part of RedCap UEs in addition to cell barring and UAC mechanism


We think if the network allows RedCap UEs (supporting lower BW than the initial BWP of the cell) camping on this cell, it should be up to network implementation to schedule Msg.4/5 with the BW restriction of RedCap UE. Meanwhile, there is no need to reject part of RedCap UEs in addition to cell barring and UAC mechanism, as we already agreed to use UAC for access control. Thus, there is still no need for RAN1 or RAN2 to identify RedCap UEs in Msg.3. Besides, there is no additional benefit to indicate RedCap UEs in Msg.5, comparing to current capability reporting. 
Furthermore, during the email discussion #914 [4] and offline discussion #113 [5] in RAN2#112e, there is clearly majority think it is not needed from RAN2 perspective to identify RedCap UEs during Msg.1 and Msg.5.
In summary, we think it is hardly to introduce early identification during RACH procedure before identifying the motivation and use cases. 
Proposal 3: Remove the following Option 3 from TR regarding how can the network know whether the UE is RedCap UE or not.

· Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion), and forwards it to target during Handover.
3. Conclusion

In this contribution, we discuss the reduced capability signaling and constraining for RedCap devices. Based on the discussion, we have the following observations and proposals:

Observation 1:  The discussion on the reduced capability signaling design is related to how many types of RedCap UEs will be defined and what the criterion to define the RedCap UE types is. 
Observation 2:  The use cases and corresponding requirements are quite diverse for RedCap devices. 
Observation 3:  The tradeoff between economics of scale and cost/power efficiency should be carefully considered when defining the RedCap UE categories or types. 

Proposal 1: Two UE types/categories should be defined for RedCap devices to cover various use cases: high-end and low-end devices.
Proposal 2: Two UE types/categories for RedCap devices can be defined based on the UE features (e.g. Bandwidth, antenna number, etc.). Detailed reduced capability could be discussed and decided in WI. 

Proposal 3: Remove the following Option 3 from TR regarding how can the network know whether the UE is RedCap UE or not.

· Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion), and forwards it to target during Handover.
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