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Introduction
In the revised WID for specifying reduced capability NR (RedCap) devices, the following objectives are expected to have RAN4 RF impact [1].
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. .
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



The following is from the WF that was approved in RAN4 #99-e [2].
	RedCap: UE RF impact
· Tx requirements
· NR UE Tx requirements could be reused for RedCap (except the UE transmit power in FR1 and FR2)
· Transmit power in FR1 and FR2: depend on the RedCap PC and frequency band.
· Rx requirements:
· Specify REFSENS:
· For one Rx branch.
· For 2 Rx branches for bands where legacy NR UE is required with 4 Rx antenna ports.
· re-use existing single carrier requirement for 2 Rx branches, FFS on HD-FDD mode.
· Other requirements: FFS
· Specification structure:
· Define new suffix for RedCap UE RF requirement at least in TS 38.101-1.




The following issues related to RedCap UE in FR2 were listed in the WF that was approved in RAN4 #100‑e [3].
	Issue 6-1: Use case for RedCap UE

· Option 1: consider the below use case for RedCap UE in FR2
· Table 2-2 the characteristics of three use cases for Redcap UE
	Use cases
	Specific characteristics
	General characteristics

	Industrial wireless sensors
	The device is stationary
The battery should last at least few years
	Lower cost and complexity
Small and compact form factor
Supporting all FR2 bands for FDD and TDD

	Video surveillance
	The device has low mobility
	

	Wearables
	The battery should last multiple days
	



· Option 2: FFS

Issue 6-2: new RedCap UE type

· Option 1: define a new RedCap UE type
· Option 2: define RedCap UE based on existing FR2 UE type
· Option 3: FFS

Issue 6-3: Power class for RedCap UE in FR2

· Option 1: define a new power class
· Option 2: TBA




This contribution discusses RedCap UE Tx requirements for FR2 and makes some proposals.
Discussion
UE type
The WID lists the following three use cases for RedCap devices [1]:
· Industrial wireless sensors
· Video surveillance
· Wearables
The WID does not restrict the use of FR2 devices for any of the use cases. Although it is possible that RedCap devices in FR2 may be initially deployed in a subset of use cases, in our view, there should not be restriction from a specification standpoint. Therefore, all the RedCap use cases should be applicable for FR2.
Proposal 1: Consider all three uses cases for RedCap UEs in FR2.

Currently five UE power classes are defined corresponding to five UE types based on specific device architectures [4]. These power classes and UE types are defined in Table 1.
[bookmark: _Ref85464947]Table 1. Assumption of UE Types (from Table 6.2.1.0-1 in [4])
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE



For RedCap UEs, a similar table may be defined listing UE power class and UE type. Although industrial wireless sensors and video surveillance devices are expected to be fixed, the deployment scenarios and device aspects for RedCap UEs may be different from those of currently specified FWA UEs. For example, the form factor or device cost considerations for a typical CPE used in current FWA scenarios may be different from those for an industrial wireless sensor, resulting in a different antenna architecture for the latter. As such, the characteristics specified for this UE type may also need to be different. Therefore, even if one of the UE types defined for RedCap UEs is FWA UE, further consideration on the transmit characteristics is necessary. Furthermore, a video surveillance UE may have some differences with respect to an industrial wireless sensor UE, e.g., with respect to the minimum peak EIRP and spherical coverage requirement. Thus, more than one power class for FWA UE type may be necessary. Likewise, although wearables may be considered similar to handheld UEs, they do not necessarily inherit the transmit characteristics of handheld UEs. Therefore, it is clear that UE power class and UE type defined for RedCap UE are separate from those in the current specifications. Thus, three power classes can be defined for the new RedCap UE types, corresponding to the industrial wireless sensors, video surveillance, and wearable UE cases, respectively.
Proposal 2: Define three UE power classes with corresponding UE types for RedCap UEs.
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Fixed wireless access (FWA) UE

	3
	Wearable UE



Max TRP
The maximum TRP for the different UE power classes can be inherited from the currently specified values in [4]. For the two power classes corresponding to RedCap FWA UE type, the maximum TRP can be based on the existing UE power class 5 for FWA (23 dBm), which is defined to meet the needs of FWA and also satisfies a lower power regulatory requirement in many countries. For the power class corresponding to the wearable UE type, the maximum TRP can be based on the existing UE power class 3 for handheld UE type (23 dBm). 
Proposal 3: The maximum TRP for all the RedCap UE power classes is 23 dBm.
Minimum peak EIRP requirement
The minimum peak EIRP requirement in [4] was specified based on inputs from multiple companies considering assumptions for the various parameters for the EIRP budget including transmit power, antenna array architecture and the corresponding realized antenna array gain, and implementation losses. For RedCap UE power class 1, the assumptions may be different from those for NR UE power class 5 in [4] due to different form factor or other considerations. Therefore, the minimum peak EIRP requirement needs to be studied further. For RedCap UE power class 2, the assumptions can be similar to those for NR UE power class 5 in [4]. Therefore, the corresponding minimum peak EIRP requirements can be used as a starting point. Similarly, the minimum peak EIRP requirements for NR UE power class 3 in [4] can be used as a starting point for RedCap UE power class 3.
It should be noted however, that the translation of reduced number of branches into implementation at FR2 impacts the minimum peak EIRP. For example, in our view, a RedCap UE with 1 Rx branch can receive only a single antenna polarization. This means that it can no longer realize the polarization gain that was assumed for determining the minimum peak EIRP in [5], which was ultimately specified in [4]. Therefore, if the minimum peak EIRP specified for a power class in [4] is used as a starting point, it needs to be adjusted for the loss of polarization gain.
Proposal 4: The minimum peak EIRP requirements for the RedCap UE power classes are determined as follows.
· RedCap UE power class 1 – FFS
· RedCap UE power class 2 – use requirements for NR UE power class 5 as a starting point.
· FFS adjustments based on UE RF architecture.
· RedCap UE power class 3 – use requirements for NR UE power class 3 as a starting point.
· FFS adjustments based on UE RF architecture.
Spherical coverage requirement
The spherical coverage for both UE power class 1 and UE power class 5 in 1 is defined based on the assumptions associated with a FWA UE such as CPE. A higher number of antenna elements is assumed relative to a handheld UE, which results in a higher directional gain and EIRP/EIS with the same antenna element gain. On the other hand, the spherical coverage requirement is defined by the EIRP value at a certain percentile on the CDF curve, where the percentile depends on the UE type for which the UE power class is defined, particularly considering only the applicable radiation sphere area. Thus, for the FWA UE type, which is expected to be professionally installed, it is sufficient to ensure target beam coverage over a small portion of the radiation sphere around the boresight direction. Making certain assumptions on coverage requirements, the spherical coverage requirement was defined based on the 85th percentile of the EIRP CDF [4]. Among the RedCap UE types, it may be appropriate to assume that video surveillance devices are installed by professional technicians, who can ensure boresight in a desired direction for the single antenna panel that may be assumed for RedCap UEs. Therefore, spherical coverage for the FWA UE type belonging to RedCap UE power class 2 can be based on the same 85th percentile of the EIRP CDF. On the other hand, industrial wireless sensors are likely to be installed by subscribers rather than professional technicians. As such, optimized antenna panel deployment cannot be guaranteed and hence it would be more appropriate to consider a larger spherical coverage. Therefore, the spherical coverage requirement for the FWA UE type belonging to UE power class 1 can be based on a percentile value for the EIRP CDF in the 50–70 range. Finally, the wearable UE type may be similar in characteristics to the handheld UE type and hence the spherical coverage requirement can be similarly based on the 50th percentile of the EIRP CDF [4]. We note, however, that this value was determined in [5] based on a compromise between the values for one antenna panel and two antenna panels. In our view, a RedCap wearable UE will have one antenna panel and therefore, the spherical coverage must be determined based on this assumption.
Proposal 5: The spherical coverage requirements for the RedCap UE power classes are specified in terms of the following percentile values for EIRP CDF.
· RedCap UE power class 1 – 50th–70th percentile with one antenna panel
· RedCap UE power class 2 – 85th percentile with one antenna panel
· RedCap UE power class 3 – 50th percentile with one antenna panel
Conclusion
This contribution discussed RedCap UE Tx requirements for FR2. The following proposals were made.
Proposal 1: Consider all three uses cases for RedCap UEs in FR2.
Proposal 2: Define three UE power classes with corresponding UE types for RedCap UEs.
Proposal 3: The maximum TRP for all the RedCap UE power classes is 23 dBm.
Proposal 4: The minimum peak EIRP requirements for the RedCap UE power classes are determined as follows.
· RedCap UE power class 1 – FFS
· RedCap UE power class 2 – use requirements for NR UE power class 5 as a starting point.
· FFS adjustments based on UE RF architecture.
· RedCap UE power class 3 – use requirements for NR UE power class 3 as a starting point.
· FFS adjustments based on UE RF architecture.
Proposal 5: The spherical coverage requirements for the RedCap UE power classes are specified in terms of the following percentile values for EIRP CDF.
· RedCap UE power class 1 – 50th–70th percentile with one antenna panel
· RedCap UE power class 2 – 85th percentile with one antenna panel
· RedCap UE power class 3 – 50th percentile with one antenna panel
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