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1	Introduction
In last meeting, the requirements on RedCap have been discussed, and a WF[1] was agreed, in which no BS RF impact is expecting when introducing RedCap. However, there are still some open issues such as power class, operating band and REFSEN.
In this contribution, we provide some discussions on FR1 RedCap UE requirements.
2	Discussion
Operating band
According to the revised WID, it is clear that the supported max. UE bandwidth for redcap UE are:
· 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.
In addition, the duplex operation are:
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
In terms of the past experiences, when a new feature is introduced, the supported operating bands are usually from the operator’s request, which means not all of the operating bands defined in the specification may be supported for this new features. However, there is no objective to restrict the frequency bands that will support RedCap UEs, which implicit means that all of the existing NR FDD and TDD bands could be designed for RedCap UE. Also it was discussed in the last meeting but no consensus were achieved due to some reasons such as SUL band or lack of the operator’s input.
As discussed in last meeting [3], some concerns are raised in RAN4 for supporting SUL since it is up to RAN plenary discussion and so far there are no consensus in RAN plenary meeting. So here we only focus on the FDD/TDD single carrier/band requirements in this contribution.
To our understanding, three duplex operations, i.e. HD-FDD, FD-FDD and TDD are supported for FR1 RedCap UE, while only TDD is supported for FR2 RedCap UE. For FR1 RedCap UE, it is no doubt the supported operating bands are the subset of the existing bands defined in the spec. However, no HD-FDD duplex mode are defined. We see no reasons that a FDD band who can operate in FD-FDD but cannot operate in HD-FDD mode since compare to FD-FDD,  HD-FDD aims to reduce the cost and complexity by replacing duplexer with switch, or using common LO for Tx/Rx for RedCap UE.
For FR1 TDD band, currently we see no problem that all of the TDD bands except band n79 can be designed for RedCap UE, since the min. Channel bandwidth of 40MHz is supported in band n79.
For FR2 TDD band, currently we also see no problem that all of the TDD bands can be designed for RedCap UE.
Observation 1. All of the FDD bands in TS38.101-1 could be designed for FD-FDD and HD-FDD FR1 RedCap UE 
Observation 2. Except band n79, all of the TDD bands in TS38.101-1 could be designed for TDD FR1 RedCap UE
Observation 3. All of the TDD bands in TS38.101-2 could be designed for TDD FR2 RedCap UE
 
REFSENS
The agreements in the WF for Rx requirements are:
· 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
For FR1 RedCap UE REFSENS requirements, FD-FDD/TDD and HD-FDD associated with 1Rx and 2Rx for all FR1 bands need to be considered, 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 
It was already agreed that re-use existing single carrier requirement for 2 Rx branches FD-FDD/TDD REFSENS.
The REFSEN requirements for NR FDD band are band dependent and assumes that the receiver is equipped with two Rx port as a baseline, which are calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain +DFB
where the band dependent relaxation (DFB) which is the ratio between band duplexer distance and band gap is considered for FDD band. It should be noted it is no need to consider such relaxation for TDD band. In addition, we assume NF and SNR values in the above equation are kept unchanged for RedCap UE.
For single Rx branch for both FD-FDD and TDD bands, no diversity gain is considered.
Additional, it is no need to consider such band dependent relaxation for HD-FDD band, since HD-FDD RedCap UE will not have simultaneous UL and DL operations and the Tx/Rx duplexer in the FD-FDD implementation is replaced with a switch in the HD-FDD implementation. Therefore, it can be foreseen the REFSENS requirements will be different between FD-FDD and HD-FDD for a certain NR FDD band.
Proposal 1. REFSENS requirements for RedCap UE should be defined for FD-FDD and HD-FDD separately. 
Considering there exists some types of REFSENS requirements for RedCap UE, thus it may not appropriate to explicitly list all the values by introducing several new tables in the spec since it will cause large pages and unreadable. For simplification of the spec, we think it is feasible to use a simply way like formula to define the REFSENS requirement for types of RedCap UE. It should be noted such method was also discussed/adopted in other WID such as NR_FR1_35MHz_45MHz_BW.
Proposal 2.  Using a simply way like formula to define the REFSENS requirement for types of RedCap UE.
According to the Low Cost LTE MTC discussion [4], 2.5dB tighten for single Rx FD-FDD/TDD REFSENS and  1.7dB tighten for single Rx HD-FDD REFSENS comparing with 2Rx FD-FDD/TDD REFSENS, respectively. The 2.5dB comes from two parts: one is single Rx will need 3dB more SNR than a 2Rx diversity receiver and the other is compromise of 0.5dB tightening of the implementation margin for single Rx. Also there exists exception in [4] such as band 20 for 15, 20MHz CBW, where 3dB tighten for single Rx FD-FDD/TDD REFSENS.
In addition, for 2Rx REFSENS requirements for those bands supporting min. 4Rx branches, due to the reductions of the receiver branches, it is no need to consider the additional receiver diversity gain (ΔRIB,4R) for 2Rx branches.
Therefore, using the same approach of Low Cost LTE MTC for FR1 RedCap UE, it is proposed:
Proposal 3. For FR1 bands are designed for FR1 RedCap UE: 
· For single Rx FD-FDD/TDD REFSENS: Existing 2Rx REFSENS + [2.5]dB 
· For single Rx HD-FDD REFSENS: Existing 2Rx REFSENS + [1.7]dB
· For 2Rx+HD-FDD REFSENS: Existing 2Rx REFSENS + [0.8]dB
Next, we give some initial discussions on the other receiver requirements which was mentioned below as FFS in the WF:
Other requirements: FFS
Maximum input level
Maximum input level is defined as band agnostic, which is for any transmission bandwidth configuration for single carrier for both low and high SNR reference channels. So the maximum input level shall be kept unchanged. 
Proposal 4. Maximum input level requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
ACS
Same values of ACS are defined for case 1 and case 2, and ACS is defined as the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).  So the ACS shall be kept unchanged.
Proposal 5. ACS requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
Blocking, Spurious response, Rx IM
For blocking characteristic(including in-band blocking, out-of-band blocking and narrow-band blocking), Spurious response and Rx intermodulation requirements, the wanted signal is referring to REFSENS while the interferer levels are absolute values. When removing 1Rx from 2Rx for RedCap UE, the influences for the wanted signal have already been reflected in RedCap REFSENS values, which are some relaxations on REFSENS are needed based on the proposal 3 above. So we think no changes are required for these requirements for Redcap UE, which is referring to the REFSENS requirements for 1Rx or 2Rx RedCap UE, respectively.
Proposal 6. Blocking, Spurious response and Rx IM requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
Spurious emissions
The Spurious emissions requirements are defined without associating with REFSEM and they are completely independent of the RX performance. Therefore it is proposed not to change the specification.
Proposal 7. Spurious emissions requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.

3 Conclusion
In this contribution, we provide some initial discussions on FR1 RedCap UE requirements, also the views on the operating bands. The conclusions and the proposals are summarized below:
Operating band
Observation 1. All of the FDD bands in TS38.101-1 could be designed for FD-FDD and HD-FDD FR1 RedCap UE 
Observation 2. Except band n79, all of the TDD bands in TS38.101-1 could be designed for TDD FR1 RedCap UE
Observation 3. All of the TDD bands in TS38.101-2 could be designed for TDD FR2 RedCap UE
REFSENS
Proposal 1. REFSENS requirements for RedCap UE should be defined for FD-FDD and HD-FDD separately. 
Proposal 2.  Using a simply way like formula to define the REFSENS requirement for types of RedCap UE.
Proposal 3. For FR1 bands are designed for FR1 RedCap UE: 
· For single Rx FD-FDD/TDD REFSENS: Existing 2Rx REFSENS + [2.5]dB 
· For single Rx HD-FDD REFSENS: Existing 2Rx REFSENS + [1.7]dB
· For 2Rx+HD-FDD REFSENS: Existing 2Rx REFSENS + [0.8]dB
Maximum input level
Proposal 4. Maximum input level  requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
ACS
Proposal 5. ACS requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
Blocking, Spurious response, Rx IM
Proposal 6. Blocking, Spurious response and Rx IM requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
Spurious emissions
Proposal 7. Spurious emissions requirements shall be kept unchanged for both 1Rx and 2Rx RedCap UE.
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