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1 Introduction
[bookmark: OLE_LINK17]In last 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
[bookmark: OLE_LINK4][bookmark: OLE_LINK55]In this contribution, we give some initial discussions. 
2	Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK3][bookmark: OLE_LINK28][bookmark: OLE_LINK23]Firstly, we try to recall some agreements on the FR1 RedCap UE in Rel-17 since the PC2 FR1 RedCap UE were somehow discussed in Rel-17. 
The most relevant agreements for HPUE FR1 RedCap UE can be found in [2] [3][4], which are: 
[bookmark: OLE_LINK24]In [2]:
	RedCap UE power class
GTW session Agreement:
1. PC3 should be specified for Redcap in FR1
1. No PC1 and PC1.5 for RedCap UE in FR1
1. PC2 for RedCap UE depending on operator request



[bookmark: OLE_LINK25]In [3]:
	Issue 1-2: PC2 support 
Agreement: Support PC2 RedCap UE based on operator request.
· Use 1 Tx as baseline
· Further discussion whether the antenna isolation assumptions for existing 2Tx requirements is valid for RedCap.


In [4]:
	Issue 1-1-2: PC2 UL TX architecture assumption
· WF
· 1 TX of 26 dBm PA in Rel-17 and 2 TX architecture is excluded in Rel-17 
Issue 1-1-3: PC2 support for HD-FDD mode
· WF
· [bookmark: OLE_LINK8]PC2 support based on operator request 


[bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9]Although the door was not closed for PC2 FR1 RedCap UE in Rel-17, unfortunately, there were no requests for PC2 FR1 RedCap UE from operators at that time. Consequently, only PC3 FR1 RedCap UE was included in the spec.
[bookmark: OLE_LINK10]Observation 1. In Rel-17, PC1.5 FR1 RedCap UE is excluded and PC2 FR1 RedCap UE is based on operator request.
Secondly, when PC3 FR1 RedCap UE was introduced in the TS38.101-1, although new clause suffix (i.e. suffix I) was introduce, almost all of the requirements (except for REFSEN) are reused from existing PC3 requirements and only three requirements are explicitly defined, which are: 
	Sub-clauses for RedCap
	Contents

	5.3I  Channel bandwidth for RedCap
	The requirements in this specification apply to the combination of channel bandwidths, SCS and operating bands shown in Table 5.3.5-1 with maximum channel bandwidth of 20MHz. The transmission bandwidth configuration in Table 5.3.2-1 shall be supported for each of the specified channel bandwidths up to 20 MHz. The channel bandwidths are specified for both the TX and RX path.

	6.2I	Transmitter power for RedCap
	[bookmark: OLE_LINK19]For Redcap UE, the requirements for power class 3 specified in clause 6.2.1 apply.

	7.1I  General 

	For a Redcap UE the requirements in Section 7 shall be verified with the channel bandwidth up to 20MHz and REFSENS specified in clause 7.3I.

	7.3I Reference sensitivity for RedCap
	<1Rx/ 2Rx antenna RedCap REFSEN for the supported bands are given>


[bookmark: OLE_LINK12]Except the above three ones, no sub-clauses were arranged for the RF requirement, instead just using a general approach which is to use the existing requirements, especially for Tx requirements. In addition, there was no ‘5.2I Operating band for RedCap’ in the spec, which means the Tx requirements for RedCap UE are defined as band agnostic. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK30]Observation 2. PC3 RedCap Tx requirements are defined as band agnostic, and reused from the PC3 Tx requirements (up to 20MHz).
[bookmark: OLE_LINK13][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK11]Thirdly, there were three use cases in Rel-17 RedCap WID, which are: Industry sensor,video surveillance, wearables. For FR1 RedCap UE, there were no discussion on whether these three use cases were applied, which means all of the use cases are applied by default. However, these use cases were not explicitly mentioned in the spec.
[bookmark: OLE_LINK31]Observation 3. Three use cases, i.e. Industry sensor,video surveillance, wearables are applied for PC3 RedCap UE in Rel-17. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK20]For PC2 RedCap, with the experiences of FR1 RedCap, it seems the Tx requirements for power class 2 can be applied, includes maximum output power associated with tolerance, MPR/A-MPR, etc. which means there may no new Tx requirements related to PC2 RedCap UE. 
For Rx requirements, except REFSEN requirements, all of the other Rx requirements were the same as non-RedCap UE with channel BW up to 20 MHz. For REFSEN requirements, there were four types REFSEN requirements were discussed and defined, which are: 
1. Single Rx FD-FDD/TDD REFSENS
2. Single Rx HD-FDD REFSENS
3. 2Rx FD-FDD/TDD REFSENS
4. 2Rx HD-FDD REFSENS
[bookmark: OLE_LINK26]All of the above requirements are derived from the 2Rx non-RedCap UE requirements, where same 2Rx non-RedCap UE requirements are applied for bullet 4, and additional delta values including ΔR1R are taken into account. Therefore, we also think there are no additional Rx requirements if PC2 RedCap introduced. It shall be noted that for PC2 FDD bands, both non-RedCap UE requirements for 1Tx and 2Tx are defined. By applicable of the existing requirement, it can enable HPUE including PC2 for RedCap in the band agnostic way.
Observation 4. No additional Tx and Rx requirements are foreseen in the case of PC2 RedCap UE introduced.
[bookmark: OLE_LINK27][bookmark: OLE_LINK7][bookmark: OLE_LINK29]However, band agnostic way may cause ambiguity since it would be interpreted that all of operating bands can be supported for PC2 RedCap UE. In terms of the proposed WID [1] and the above observation 1, our understanding are that not all bands can be used for PC2 RedCap which relies on the operator requests, and also we believe this is the intention for this proposed new WID. Therefore, to align with the previous agreements, we think the supported PC2 RedCap UE bands should be based on request by the operator.
[bookmark: OLE_LINK32]Proposal. To align with the previous agreements, the supported PC2 RedCap UE bands should be based on operator’s request.
3 Conclusion
In this contribution, we give some discussion on PC2 RedCap UE, the conclusions are summarized below:
Observation 1. In Rel-17, PC1.5 FR1 RedCap UE is excluded and PC2 FR1 RedCap UE is based on operator request.
Observation 2. PC3 RedCap Tx requirements are defined as band agnostic, and reused from the PC3 Tx requirements (up to 20MHz).
Observation 3. Three use cases, i.e. Industry sensor,video surveillance, wearables are applied for PC3 RedCap UE in Rel-17. 
Observation 4. No additional Tx and Rx requirements are foreseen in the case of PC2 RedCap UE introduced.
[bookmark: OLE_LINK33]Proposal. To align with the previous agreements, the supported PC2 RedCap UE bands should be based on operator’s request.
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