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1 Introduction
[bookmark: OLE_LINK17]In RAN #99 meeting, a WID was proposed[1] on NR power class 2 RedCap (Reduced Capability) UE in FR1. Due to some concerns were raised. Consequently, RAN task RAN4 to provide some initial studies on the two aspects [2] before a dedicated WID is confirm.
Option 3: RAN task RAN4 the following work in the next quarter and come back to RAN#100
[bookmark: OLE_LINK21]To study how to enable HPUE including PC2 for RedCap in the band agnostic way
To study the applicable form factor, e.g., sensor, camera
In last meeting, there were some initial discussions on HPUE RedCap in FR1 in RAN4 #106-bis-e meeting [3], in which the majority companies think it is feasible to enable PC2 for RedCap HPUE, while few of companies showed concern on the applicable form factor.
[bookmark: OLE_LINK4][bookmark: OLE_LINK55]Meanwhile, the companion WF was agreed in [4][5]. In this contribution, we give some further discussions. 
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK3][bookmark: OLE_LINK66]In the WF[5], some agreements are:
	Issue 1-1-1: A-MPR for FD-FDD RedCap PC2 UE
Way forward:
· [bookmark: OLE_LINK60][bookmark: OLE_LINK35]Further discuss whether or not the A-MPR for non-Redcap PC2 UE can be directly re-used for Redcap PC2 UE
Issue 1-2-1: RSD for FD-FDD RedCap PC2 2Rx UE
Online agreement:
· RSD for non-RedCap 2Rx PC2 UE can be re-used for RedCap PC2 2Rx UE for the bands, on which RSD requirements for non-RedCap 2Rx PC2 are defined based on 1Tx architecture.
Issue 1-2-2: RSD for FD-FDD RedCap PC2 1Rx UE
Way forward:
· [bookmark: OLE_LINK79][bookmark: OLE_LINK78][bookmark: OLE_LINK51]Further discuss whether or not the Single Rx antenna port RSD allowance for RedCap PC3 UE can be re-used for RedCap PC2 UE
Issue 1-3-1: RedCap PC2 UE for sensor and camera
Online agreement:
· RedCap PC2 UE is feasible for some form factors, e.g., sensor and camera
· FFS on whether RedCap PC2 UE is feasible for wearable
· FFS on whether the form factor for RedCap will be explicitly listed in the specification


 
In terms of the above agreements, before conclusion on enabling HPUE including PC2 for RedCap in the band agnostic way, several open issues should be solved first.
[bookmark: OLE_LINK30]In our understanding, the previous discussions were quite general since the supported FDD band for RedCap PC2 UE are not defined although there were several requested band captured in the initial proposed WID[1]. 
[bookmark: OLE_LINK2]Observation 1. No discussion on the supported FDD bands for RedCap PC2 UE.
As we discussed in our contributions [6], For FD-FDD band, there is a ongoing basket WID, i.e. HPUE_NR_FR1_FDD_R18 basket [7] to introduce some PC2 FDD band, in which A-MPR and RSD requirements are discussed including 1Tx and 2Tx architecture. Currently, there are FDD bands of n8, n5, n28, n26, n25, n66, n71, n85, n2, n13 included in basket WID, that is not all the FDD band supports PC2.
[bookmark: OLE_LINK29]Observation 2. Several (Not all) FDD bands support PC2 which are included in HPUE_NR_FR1_FDD_R18 basket WID
For PC2 FDD RedCap UE, there are two options on the supported bands:
[bookmark: OLE_LINK26][bookmark: OLE_LINK32][bookmark: OLE_LINK31]Option 1. Subset of the supported bands defined in HPUE_NR_FR1_FDD_R18 basket WID
Option 2. Different bands with the bands defined in HPUE_NR_FR1_FDD_R18 basket WID
Some of the UE RF requirements such as A-MPR are highly related to the specific bands, so we think it is important to define the supported FDD bands for PC2 RedCap UE.
[bookmark: OLE_LINK59][bookmark: OLE_LINK58]For option 1, we believe the A-MPR results of Non-RedCap PC2 FDD can be directly re-used for RedCap PC2 FDD, we don’t think there is need to redo the A-MPR evaluation due to the A-SEM/A-SE requirements are the same for both Non-RedCap PC2 FDD band and RedCap PC2 FDD band.
[bookmark: OLE_LINK33][bookmark: OLE_LINK61]But for option 2, if RAN4 goes two separated WIDs, one is for PC2 RedCap UE, and the other one is for PC2 FDD(the existing one), then we should avoid the overlapping works for the same band due to bands may be requested in the two  separated WIDs in different meeting. Nevertheless, for the same PC2 FDD band, we think A-MPR for non-Redcap PC2 UE can be directly re-used for Redcap PC2 UE. Therefore, we have the following proposal:
[bookmark: OLE_LINK50]Proposal 1. For the same PC2 FDD band, the A-MPR for non-Redcap PC2 UE can be directly re-used for Redcap PC2 UE.
[bookmark: OLE_LINK42]In the issue 1-2-2, it used ‘Single Rx antenna port RSD allowance’. It is not clear to use this terminology. In the spec, there are only ‘RSD’ and ‘reference sensitivity allowance (i.e. ΔRIR)’, and they are different requirements. Here we interpret ‘RSD allowance’ as the former one.
[bookmark: OLE_LINK62][bookmark: OLE_LINK64][bookmark: OLE_LINK69][bookmark: OLE_LINK67][bookmark: OLE_LINK70]For the 1Rx REFSEN requirements for a PC3 RedCap UE, ΔR1R is considered on top of the REFSEN for 2Rx antenna ports, and the ΔR1R requirements are defined as band agnostic. Then for PC3 FDD RedCap UE:
[bookmark: OLE_LINK71][bookmark: OLE_LINK74][bookmark: OLE_LINK72]SPC3_1Rx =SPC3_2Rx +ΔRIR            
We think the ΔR1R requirements defined for PC3 RedCap UE can be applied to PC2 RedCap UE. For PC2 FDD RedCap UE, we can get:
[bookmark: OLE_LINK73][bookmark: OLE_LINK75][bookmark: OLE_LINK41][bookmark: OLE_LINK76]SPC2_1Rx =SPC2_2Rx +ΔRIR               
The RSD requirements are the REFSEN degradation for HPUE FDD band comparing the PC3 REFSEN requirements baseline due to 3dB higher Tx power which would cause higher Tx noise falls into its own Rx bands. For non-RedCap PC2 FDD, it is:
[bookmark: OLE_LINK65][bookmark: OLE_LINK68][bookmark: OLE_LINK77]SPC2_2Rx = SPC3_2Rx + RSD               
In the above equation, SPC3_1Rx, SPC3_2Rx, SPC2_1Rx, SPC2_2Rx means REFSEN requirements for 1Rx and 2Rx for PC3 and PC2, respectively.Then we can get:
SPC2_1Rx  = SPC3_1Rx + RSD 
Therefore, RSD can be re-used for RedCap PC2 FDD UE.
[bookmark: OLE_LINK5]Proposal 2. RSD can be re-used for RedCap PC2 FDD UE
[bookmark: OLE_LINK34][bookmark: OLE_LINK37]For the form factor, as we discussed in [6], for PC3 RedCap UE in Rel-17, although the applicable use cases were identified, there was no restriction on the applicable form factor for FR1 RedCap UE in the specification. For FR2 RedCap UE, except the 3 identified use cases (i.e. Industry sensor,video surveillance, wearables), the other non-RedCap UE types are not precluded to support RedCap (i.e.RedCap variants), which is shown as below:
Table 6.2.1.0-1: Assumption of UE Types 
	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

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE

	[bookmark: OLE_LINK36]Note: RedCap variants of non-RedCap UEs are not precluded


Actually, RAN4 spent several meeting cycles to discuss the applicable use cases for RedCap UE in Rel-17, while in the end, no restriction on the applicable form factor in the specification. In addition, PC2 power class is optional reported by RedCap UE. So we think there is no need to restrict the applicable form factor for PC2 RedCap HPUE in the specification. Therefore, we have the following proposal:
[bookmark: OLE_LINK7]Proposal 3. Not restrict the applicable form factor for PC2 RedCap HPUE in the specification
[bookmark: OLE_LINK19]Considering the above aspects, we think band agnostic way can be applied for PC2 FD-FDD RedCap by applying same PC2 FDD non-RedCap bands for PC2 FD-FDD RedCap UE.
3 Conclusion
In this contribution, we give some further discussions on PC2 RedCap UE, the conclusions are summarized below:
Observation 1. No discussion on the supported FDD bands for RedCap PC2 UE.
Observation 2. Several (Not all) FDD bands support PC2 which are included in HPUE_NR_FR1_FDD_R18 basket WID.
Proposal 1. For the same PC2 FDD band, the A-MPR for non-Redcap PC2 UE can be directly re-used for Redcap PC2 UE.
Proposal 2. RSD can be re-used for RedCap PC2 FDD UE
Proposal 3. Not restrict the applicable form factor for PC2 RedCap HPUE in the specification
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