3GPP TSG-RAN WG4 Meeting # 102-e		R4-2204040
Electronic Meeting, 21 February – 3 March 2022	

Source:	Sony
[bookmark: _Hlk95575080]Title:	Peak EIRP and EIRP spherical coverage for RedCap FR2
Agenda item:	10.20.2.2.1
Document for:	Approval
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 use cases, power classes, peak EIRP and EIRP spherical coverage. 

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
Use cases for FR2 RedCap
The WI [1] discusses the motivation to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16 and enable a device design with compact form factor. The WI further discusses reducing the number of RX branches. For NR FR2, the antenna configuration is tightly coupled to the power class (PC) which is also tightly coupled to the device type. 
[bookmark: _Ref92438217]Video Surveillance (Smart Cities) use case
It was agreed in last meeting to use PC5 as is. In TS 38.101-2 Table 6.2.1.0-1: Assumption of UE Types, Fixed wireless access (FWA) UE is specified for PC5. It needs to be checked whether another device type could be added to table 6.2.1.0-1.
[bookmark: _Ref95492152]Observation 1	It needs to be checked whether table 6.2.1.0-1 should be updated with more device types.

Connected Industry use case
The agreement in last meeting suggests checking whether one PC could fit both wearable use case as well as industrial sensor use case. As has been discussed in the email discussions, industrial sensor use case could be very different depending on application. For example, some applications could be very data heavy and fixed mounted (by a professional) sensors, whilst other sensors may only send small amount of data occasionally and may be battery operated. In order to minimize the work for RAN4 we suggest defining only one new power class for RedCap FR2 in Rel-17, which should fit both the wearable use case as well as some of the applications for industrial sensors. Probably some clarification is needed in Table 6.2.1.0-1 in TS 38.101-2. This new “general” RedCap PC will be further discussed in section 2.4.
[bookmark: _Ref95492286]Proposal 1	Define one new power class for “general” RedCap in Rel-17, suited for industrial sensors and wearables.
For more data heavy applications for the Connected Industry use case PC5 is well suited. Again, it needs to be checked if to table 6.2.1.0-1 in TS 38.101-2 needs to be updated.

[bookmark: _Ref92456319]Wearable use case
It was agreed not to reduce the number of RX branches. It was also agreed to base the RedCap wearable PC on PC3 with a relaxed peak EIRP of 6 dB. Given the same average antenna element gain as in PC3 this corresponds to a two-element array (assumption for PC3 was 4 elements). However, somewhat less (~1dB) antenna efficiency due to a less perfect ground plane could be expected in a wearable form factor compared to a smart phone form factor. From a design point (implementation) this could probably be handled without impact. 
[bookmark: _Ref95492198]Observation 2	About 1 dB less antenna (element) efficiency could be expected in a smart watch formfactor compared to a smart phone form factor but could be compensated for in the implementation.
In our previous contributions [6], [7] we reported about 3dB less element gain. Those simulations included human body effect (a smart watch on the wrist) and the intention was to discuss if a RedCap wearable was meaningful at all. Therefore, the simulation result does not directly apply to a specification value.
During the discussion in last meeting there were arguments a wearable device could take many different shapes and, therefore, it would be difficult to fit the wearable use case into (only) one specified PC. While this is true it should be noted that other power classed (e.g., PC3) is not precluded for a wearable device, in parallel to the new RedCap PC.
[bookmark: _Ref95574380]Observation 3	Other power classed (e.g., PC3) is not precluded for a wearable device, to be used in parallel with the new RedCap PC.
 Peak EIRP
As was agreed in [4] peak EIRP for RedCap power class shall be 6dB lower than PC3. In Table 1 a break down is done to check that the assumption of antenna module with 2 elements is possible. 
[bookmark: _Ref95492301]Proposal 2	Peak EIRP for RedCap PC shall be 16.4 dBm for n257, n258, n261 and 14.6 dBm for n260.
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[bookmark: _Ref95476604]Table 1 	Peak EIRP for RedCap UE (PC3 included for reference)
Spherical coverage
[bookmark: _Ref92459040]In [7] the spherical coverage for a RedCap device in a smart watch formfactor including a phantom hand was simulated. Figure 1 is now updated to also include simulation of a 2x1 array without phantom, since this is more relevant to specification. A smartphone form factor is included as comparison. 
[image: ]
[bookmark: _Ref85711864]Figure 1 Simulated CDF of array gain for RedCap wearable device versus smartphone PC device

[bookmark: _Hlk85713275]According to the result in Figure 1, spherical coverage @50%-tile gain drop from peak EIRP is about 8 – 10 dB for single array. 
[bookmark: _Ref85716722]Observation 4	Spherical coverage @50%-tile gain drop for a RedCap wearable device could be expected to be in the order of 8 – 10dB for the single array case.
The spherical coverage for PC3 was agreed as a compromise between a single array and a two-array reference design [8] (search for: “EIRP at 50%-tile CDF (dBm)”).  In addition, the two-element array has less directivity than the PC3 array (i.e., a 4-element reference array). It would, therefore, be possible to re-use the PC3 gain drop value for RedCap PC (10.9 dB for n257 …, and 12.6dB for n260). 

As wide coverage as 50%tile may not be necessary for an industrial sensor, maybe 60%tile or 75%tile might be enough? For the wearable use case (e.g., a smart watch) it is preferred to specify at least some performance at the 50%tile. To cover both use cases, we prefer using the 50%tile (but are open for discussion).

[bookmark: _Ref95492216][bookmark: _Hlk95582348]Observation 5	For an industrial sensor only, it may be sufficient to specify spherical coverage at 60%tile or 75%tile point.

[bookmark: _Ref95492320]Proposal 3	EIRP spherical coverage for RedCap power class shall be 5.5 dBm for n257, n258, n261 and 2.0 dBm for n260 at 50 %-tile CDF.
3 Conclusion
In this contribution, we have shared our views on FR2 RF aspects for NR RedCap. The following observations and proposals have been made:
Observation 1	It needs to be checked whether table 6.2.1.0-1 should be updated with more device types.
Observation 2	About 1 dB less antenna (element) efficiency could be expected in a smart watch formfactor compared to a smart phone form factor but could be compensated for in the implementation.
Observation 3	Other power classed (e.g., PC3) is not precluded for a wearable device, to be used in parallel with the new RedCap PC.
Observation 4	Spherical coverage @50%-tile gain drop for a RedCap wearable device could be expected to be in the order of 8 – 10dB for the single array case.
Observation 5	For an industrial sensor only, it may be sufficient to specify spherical coverage at 60%tile or 75%tile point.
Proposal 1	Define one new power class for “general” RedCap in Rel-17, suited for industrial sensors and wearables.
Proposal 2	Peak EIRP for RedCap PC shall be 16.4 dBm for n257, n258, n261 and 14.6 dBm for n260.
Proposal 3	EIRP spherical coverage for RedCap power class shall be 5.5 dBm for n257, n258, n261 and 2.0 dBm for n260 at 50 %-tile CDF.
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Parameter Unit Nom. Tol. Nom. Tol. Nom. Tol. Nom. Tol.

Frequency band

Pout per element dBm 14.0 0.5 14.0 0.5 12.0 0.5 12.0 0.5

# of antennas in an array 4 2 4 2

Total conducted power per polarization dBm 20.0 17.0 18.0 15.0

Avg antenna element gain dBi 4.5 3.5 4.5 3.5

Antenna rolloff loss versus frequency dB 1 1 0.8 0.8

Array factor loss dB 0.5 0.5 0.5 0.5

Realized antenna array gain dBi 9.0 0.6 5.0 0.6 9.2 0.6 5.2 0.6

Polarization gain dB 2.5 2.5 2.5 2.5

Mismatch and transmission line loss including load pulldB 1 1 0.5 1 1 1 0.5 1

Beam forming loss (phase shifter and amplitude error) dB 1 0.5 0.8 0.5 1 0.5 0.8 0.5

Finite beam table dB 0.25 0.1 0.25 0.1

Beam forming loss (one beam table fits all) dB 0.25 0.1 0.25 0.1

Form factor integration losses (incl. radome losses) dB 2 2 2 2 2 2 2 2

Total implementation loss (nominal) dB 4 3.3 4 3.3

Total implementation loss (worst case) dB 8 7 8 7

Peak EIRP (Nominal) dBm 27.5 21.2 25.7 19.4

Tolerance (+/-) dB 5.10 4.80 5.10 4.80

Peak EIRP (Minimum) dBm 22.4 16.4 20.6 14.6
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