[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting #100-e 		R4-2114075
Electronic Meeting, August 16-27, 2021

Source:	Nokia, Nokia Shanghai Bell 
Title:	RedCap UE Rx requirements for FR1
Agenda item:	9.20.2.3
Document for:	Discussion
1 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.)



In addition, the following objective mentions that carrier aggregation is not intended for RedCap UEs.
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.



The following WF was approved in RAN4 #99-e [2].
	RedCap: Rx branch for RedCap UE
· FR1
· Minimum # of Rx branch to be specified: 1
· Additional # of Rx branch to be specified: 2
· FR2:
· FFS
· Operators are encouraged to provide feedback on use case of RedCap UE in FR2 for next meeting, e,g Power class, frequency band etc.

RedCap: FR1 UE Tx-Rx and Rx-Tx switching time
· Tx-Rx switching time: 13 µs
· Rx-Tx switching time: FFS
· Companies are encouraged to provide their analysis justifying any longer switching time than 13 µs
· Study network performance impact and trade-off with UE power savings

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.




This contribution discusses the RedCap UE Rx requirements for FR1 and makes some proposals.
2 Discussion
From the WF noted above, the minimum number of Rx branches to be specified for RedCap UEs at FR1 is 1 and additional number of Rx branches to be specified is 2.
2.1 Diversity characteristics
The diversity characteristics for an NR UE are specified in TS 38.101-1 as follows [3].
[bookmark: _Hlk75461937]The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.
This requirement clearly does not exist for a RedCap UE with one UE Rx branch.
Proposal 1: For a RedCap UE with a minimum of 1 Rx branch, the diversity characteristics do not apply.
2.2 Reference sensitivity
In the current specifications, the reference sensitivity power level REFSENS requirement is based on the assumption that the UE is equipped with at least two antenna branches:
in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1 with 2 Rx antenna ports tested;
for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
This means that new REFSENS requirements must be specified for RedCap UEs with 1 Rx branch, as recognized in the WF from RAN4 #99-e. The reference sensitivity power level is determined such that the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels, where the reference measurement channels are specified in Annexes A.2.2.2, A3.2 and A.3.3 of [3], with the assumption of 2 Rx antenna ports or 4 Rx antenna ports as applicable. Therefore, the new requirements for RedCap UE with one antenna port must be obtained based on a simulation campaign for the reference measurement channels that are applicable for RedCap UEs. Clearly, the maximum DL bandwidth of the reference measurement channels and the UL transmission bandwidths must be defined considering the RedCap UE bandwidth limit of 20 MHz. Furthermore, the only change to the fixed reference channel assumptions for the RedCap UE is also the 20-MHz limit on the channel bandwidth since all other assumptions can be reused.
Proposal 2: The single carrier reference sensitivity power level requirements for a RedCap UE with 1 Rx branch are determined based on a simulation campaign for DL channel bandwidths and UL transmission bandwidths up to 20 MHz.
Proposal 3: The DL fixed reference channels for FDD and TDD for different modulation formats are reused with a limit of 20 MHz on the channel bandwidth.
According to the approved WF, existing single carrier requirement for 2 Rx branches shall be reused, but reference sensitivity power level requirements need to be specified for 2 Rx branches for bands where legacy NR UE is required with 4 Rx antenna ports. For these bands, however, the reference sensitivity requirements for 2 antenna ports are already specified. These requirements can be reused for RedCap UE.
Proposal 4: For bands where legacy NR UE is required with 4 Rx antenna ports, the single carrier reference sensitivity power level requirements specified for 2 antenna ports are also applicable for a RedCap UE with 2 Rx branches.
[bookmark: _Hlk78968762][bookmark: _Hlk78968791]According to the Rel-17 RedCap WID, at least carrier aggregation and dual connectivity are features that not intended for RedCap UEs. As such, reference sensitivity requirements need not be updated for CA and NR-DC. In RAN4 #99-e, SUL support was discussed, but there was no conclusion. It was recognized that there is ambiguity about whether RedCap UE supports SUL or not and that clarification in the WID is needed [4]. In the revised WID from RAN #92-e, there is no further clarification on this aspect. In our view, until the WID is revised to provide this clarification, there should be no further discussion on SUL support. Lastly, RedCap UEs are not intended for V2X services. Therefore, new reference sensitivity requirements for V2X can also be excluded.
Proposal 5: No new reference sensitivity power level requirements are specified for a RedCap UE with 1 branch for CA, NR-DC, SUL, and V2X.
2.3 Other receiver requirements
The maximum input level requirements specified for NR UE can be reused for RedCap UE.
Proposal 6: The single carrier maximum input level requirements specified for NR UE are also applicable to RedCap UE.
The adjacent channel selectivity (ACS) requirements that are specified for the NR UE can also be reused for the RedCap UE. Since it is not possible to directly measure the ACS, for verification of the ACS requirements, the lower and upper range of separately specified test parameters are used. Many of these test parameters are expressed relative to the REFSENS requirement. Therefore, for RedCap UEs, for verification of the ACS requirements, the REFSENS value used in the test parameters should correspond to the value specified for RedCap UE.
NR UE receiver blocking performance is specified for in-band, out-of-band, and narrow band blocking where some of the parameters used for measuring performance are expressed relative to the REFSENS level. For RedCap UE, the corresponding REFSENS should apply. Similarly, spurious response and intermodulation characteristics are also measured using parameters that are expressed relative to the REFSENS values. Therefore, the applicable REFSENS values should be used for RedCap UEs. The spurious emission requirements specified for NR UE can be reused for RedCap UE.
Proposal 7: The single carrier ACS requirements and spurious emissions requirements specified for NR UE are also applicable to RedCap UE.
Proposal 8: The test parameters for measuring ACS, blocking characteristics, spurious response, and intermodulation characteristics specified for NR UE are also applicable to RedCap UE where the single carrier REFSENS values are the corresponding values specified for RedCap UE.
3 Conclusion
This contribution discussed the RedCap UE Rx requirements. The following observations and proposals were made.
Proposal 1: For a RedCap UE with a minimum of 1 Rx branch, the diversity characteristics do not apply.
Proposal 2: The single carrier reference sensitivity power level requirements for a RedCap UE with 1 Rx branch are determined based on a simulation campaign for DL channel bandwidths and UL transmission bandwidths up to 20 MHz.
Proposal 3: The DL fixed reference channels for FDD and TDD for different modulation formats are reused with a limit of 20 MHz on the channel bandwidth.
Proposal 4: For bands where legacy NR UE is required with 4 Rx antenna ports, the single carrier reference sensitivity power level requirements specified for 2 antenna ports are also applicable for a RedCap UE with 2 Rx branches.
Proposal 5: No new reference sensitivity power level requirements are specified for a RedCap UE with 1 branch for CA, NR-DC, SUL, and V2X.
Proposal 6: The single carrier maximum input level requirements specified for NR UE are also applicable to RedCap UE.
Proposal 7: The single carrier ACS requirements and spurious emissions requirements specified for NR UE are also applicable to RedCap UE.
Proposal 8: The test parameters for measuring ACS, blocking characteristics, spurious response, and intermodulation characteristics specified for NR UE are also applicable to RedCap UE where the single carrier REFSENS values are the corresponding values specified for RedCap UE.
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