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1 Background
The RedCap WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve three use cases: connected industries (wireless sensors), video surveillance (smart cities) and wearables use cases [1]. The WI was discussed in RAN4 #101-bis-e [2] and a WF [3] was agreed even though most of the agreements are captured in the chair notes [4].

In this tdoc, we provide our view on FR2 RedCap REFSENS and EIS spherical coverage. Argumentation on use cases and power classes as well as further references are found in our companion paper [5].

Agreements, concerning FR2, from the chair notes [4] are extracted below.

[bookmark: _Hlk92198131]Agreement after GTW session (concerning FR2)
Topic #5: FR2 aspects
Issue 5-1: New power class for RedCap UE 
Agreement: 
· For power class for FWA device
· Reuse the PC5 power class
· For power class for wearable UE and additional industry sensor use case	
· FFS whether to define the new power class for wearable UE and additional industry sensor separately, or define one power class for both
· To limit the number of additional RF requirements, focus on the following three requirements
· Minimum EIRP
· Minimum EIS
· Spherical coverage
· For all the devices above, 2-layer DL MIMO is not mandated and FFS whether to define 2-layer MIMO performance requirements for them.

Sub-topic 5-2 (FR2 Redcap UE for Industry sensor)
Issue 5-2-1-1: Reducing the# of Rx branch
Agreement: not reduce the number of Rx branch for FR2 

Sub-topic 5-3 (FR2 Redcap UE for wearables)
Issue 5-3-1-1: Reducing the# of Rx branch
· Option 1: No
Agreement: Agree on Option 1.

Issue 5-3-1-2: For Min EIRP and array arrangement for wearable use case RedCap UE (fine tuning needed)
Agreement: For Min EIRP and array arrangement for wearable use case RedCap UE, agree on 
· 20log(2) = 6 dB lower than FR2 PC3, reduce to half array size of PC3 with array arrangement of (4x1 single panel or 2x1 dual panel, dual pol),


2 Discussion
RedCap power class
In our companion paper [5] we discuss the different use cases and conclude than one RedCap power class is sufficient for Rel-17. According to agreements in last meeting the RedCap wearable PC should be based on PC3 with a relaxed peak EIRP of 6 dB. Note that, according to our proposal this is the only RedCap PC to be specified in Rel-17. 
[bookmark: _Ref95583289]Observation 1	One new power class for “general” RedCap in Rel-17 is sufficient.
A relaxation of 6dB of peak EIRP, compared to PC3, corresponds to a two-element array. We, therefore, propose to base the minimum REFSENS requirement for the RedCap PC on a reference design of a two-element array. 
[bookmark: _Ref95583335]Proposal 1	The RedCap REFSENS requirement should be based on a 2-element array reference design.
Somewhat less (~1dB) antenna efficiency due to a less perfect ground plane could be expected in a smaller form factor (suitable for e.g., smart watch or small industrial sensor) compared to a smart phone form factor. As discussed in [5], this could probably be handled without significant impact. 
[bookmark: _Ref95492198]Observation 2	About 1 dB less antenna (element) efficiency could be expected in a smart watch or small industrial sensor formfactor compared to legacy PC3, however, handled without impact.
 REFSENS
Table 1 shows a breakdown of the of 2-element antenna assumption. From the table we propose:
[bookmark: _Ref95492301]Proposal 2	REFSENS for RedCap PC shall be -82.3 dBm for n257, n258, n261 and -79.7 dBm for n260 for 100MHz BW.
[image: ]
[bookmark: _Ref95476604]Table 1 	REFSENS for RedCap UE (PC3 included as reference)
Spherical coverage
In our companion paper [5] we discuss spherical coverage and conclude that the gain-drop between peak EIRP and EIRP spherical coverage can be re-used from PC3. Since the antenna system is the same for the receiver as for the transmitter, also EIS spherical coverage gain drop can be re-used from PC3.
[bookmark: _Ref95583309]Observation 3	EIS spherical coverage gain drop can be re-used from PC3.
[bookmark: _Ref95492320]Proposal 3	EIS spherical coverage for RedCap power class shall be -71.4 dBm for n257, n258, n261 and -67.1 dBm at 100MHz BW and for n260 at 50 %-tile CDF.
3 Conclusion
In this contribution, we have shared our views on FR2 REFSENS and EIS spherical coverage for NR RedCap. The following observations and proposals have been made:
Observation 1	One new power class for “general” RedCap in Rel-17 is sufficient.
Observation 2	About 1 dB less antenna (element) efficiency could be expected in a smart watch or small industrial sensor formfactor compared to legacy PC3, however, handled without impact.
Observation 3	EIS spherical coverage gain drop can be re-used from PC3.
Proposal 1	The RedCap REFSENS requirement should be based on a 2-element array reference design.
Proposal 2	REFSENS for RedCap PC shall be -82.3 dBm for n257, n258, n261 and -79.7 dBm for n260 for 100MHz BW.
Proposal 3	EIS spherical coverage for RedCap power class shall be -71.4 dBm for n257, n258, n261 and -67.1 dBm at 100MHz BW and for n260 at 50 %-tile CDF.
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Parameter Unit Value Value Value Value Note

PC3

(for reference)

RedCap PC

PC3

(for reference)

RedCap PC

Band number n257, n258, n261 n257, n258, n261 n260 n260

Frequency range GHz

Modulation QPSK QPSK QPSK QPSK

SNR requirement dB -1 -1 -1 -1 Including IM

Implementation margin dB 1 1 1 1 Demodulator IM (not HW)

Bandwidth MHz 100 100 100 100

Thermal noise dBm/Hz -174 -174 -174 -174

Noise Figure dB 9 9 11 11

Worst case NF including HW "implementation 

margin" and ETC case

Number of antenna in an array 4 2 4 2

Array gain dB 4.9 1.9 4.9 1.9 0.5dB array factor loss, 0.6dB tolerance

Element gain dBi 4.5 3.5 4.5 3.5 worst case

Diversity gain dB 0 0 0 0

Antenna gain roll-off over frequency dB 1 1 1 1

Beamforming loss dB 2 1.6 2 1.6 phase shifter loss, finite beam table etc.

Mismatch and Transmission line loss dB 2.1 1.5 2.2 1.6

Form factor integration losses dB 4 4 4.5 4.5 worst case

REFSENS dBm -85.3 -82.3 -82.7 -79.7


