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1. Introduction

In last RAN4 meeting, the WF [1,2] on FR1 Redcap REFSENs and other Rx requirements were approved as follow:


[image: image1]
This contribution provides a further discussion on reference sensitivity with 1Rx in FDD, 1Rx in HD-FDD mode and 2Rx in HD-FDD mode for FR1 Redcap UE and related UL configuration. 
2.  Discussion
2.1 Reference sensitivity for 1Rx in FD-FDD mode
In last meeting, it was agreed the REFSENs of 1RX Redcap UE is 2.5dB for TDD, and FFS for FDD. In LTE, the REFSENs of FDD 1RX is 2.5dB for category 0[3], and 3dB for category 1bis[4]. The REFSENs difference of 0.5dB for FDD bands between category 0 and category 1bis is mainly due to the uplink configurations for LTE category 0 are restricted to 36RBs. 

There is no any additional restriction of the uplink configurations for Redcap UE and LTE category 1bis, the impact of uplink configuration to downlink receiver will be larger for Redcap UE and LTE category 1bis than category 0. Considering the reference sensitivity of NR has been defined based on the same impact factors as E-UTRA except spectrum utilization, the reference sensitivity relaxation for Redcap with 1Rx in FD-FDD mode should be specified to 3dB as the relaxation of LTE category 1bis.
Proposal 1: The reference sensitivity relaxation for FR1 Redcap UE with 1Rx in FD-FDD mode should be 3dB.
2.2 Reference sensitivity for 1Rx and 2Rx in HD-FDD mode
In last meeting, it was agreed to focus on HD-FDD only mode for RedCap requirements. Therefore, A HD-FDD UE has two differences compared to a FD-FDD UE, one is the UE will not have simultaneous UL and DL operations, the other is the duplexer in the FD-FDD implementation will be replaced by a switch in the HD-FDD implementation.  
No simultaneous UL and DL operations means there will be no UL interference to DL.  In FD-FDD mode, there are the band dependent relaxation Rb due to the UL interference to DL and the relaxation value is 1, 2 and 3 dB for duplexer distance / band gap > 1.5, 2 and 4, respectively.
A switch replacing the duplexer in the HD-FDD implementation will reduce the insertion loss. Considering the typical FDD duplexer insertion loss is on the order 1-3dB and the typical switch insertion loss is on the order of 1 dB, the difference in reference sensitivity due to receive chain insertion loss of a single receiver FDD UE versus a single receiver HD-FDD UE will be on the order of 0 to 2 dB.  
And these two differences had been considered in the discussion of 1RX in HD-FDD mode for category 0 UE and category 1bis UE. In additional, the reference sensitivity of NR has been defined based on the same impact factors as E-UTRA.
Therefore, in order to simply the specification of REFSENS between FD-FDD and HD-FDD UE of Redcap, the reference sensitivity relaxation for FR1 Redcap UE with 1Rx in HD-FDD mode should reuse 1.7dB relaxation based on the requirement of FD-FDD with 2 Rx.
Proposal 2: The reference sensitivity for HD-FDD with 1Rx could reuse 1.7dB relaxation based on the requirement of FD-FDD with 2 Rx.
Based on above discussion and compared the reference sensitivity relaxation of 1Rx in FD-FDD mode to the reference sensitivity relaxation of 1Rx in HD-FDD mode, we can get there 1.3dB receiver gain due to introduce HD-FDD mode. Therefore, the reference sensitivity of 2Rx in HD-FDD mode will also have 1.3dB receiver gain compared with 2Rx in FD-FDD mode.
In order to simply the specification of REFSENS between FD-FDD and HD-FDD UE of Redcap, don’t tighten the reference sensitivity for FR1 Redcap UE with 2Rx in HD-FDD mode and could just reuse the requirements of 2Rx in FD-FDD mode.
Proposal 3: The reference sensitivity for HD-FDD with 2Rx could reuse the requirement of FD-FDD with 2 Rx.
For HD-FDD mode, how to configure the UL configuration has no any impact to DL receiver, therefore, the UL configuration of HD-FDD mode not only can use full RBs configuration as the TDD mode but also can reuse the UL RB configuration as the FD-FDD mode. To simply the test process and the specification, we can align the configurations of HD-FDD mode and FD-FDD mode in a band.
Proposal 4: The uplink configuration for reference sensitivity of 1Rx in FD-FDD mode, 1Rx and 2Rx in HD-FDD mode could reuse the uplink configuration for reference sensitivity of 2Rx in FD-FDD mode with the channel bandwidth of 5MHz, 10MHz, 15MHz, and 20MHz.
3. Conclusion

In this contribution, we analyse the reference sensitivity for 1Rx in FDD, 1Rx in HD-FDD mode and 2Rx in HD-FDD mode for FR1 Redcap UE and related UL configuration, and proposed:

Proposal 1: The reference sensitivity relaxation for FDD bands of FR1 Redcap UE with 1Rx should be 3dB.
Proposal 2: The reference sensitivity for HD-FDD with 1Rx could reuse 1.7dB relaxation based on the requirement of FD-FDD with 2 Rx.
Proposal 3: The reference sensitivity for HD-FDD with 2Rx could reuse the requirement of FD-FDD with 2 Rx.

Proposal 4: The uplink configuration for reference sensitivity of 1Rx in FD-FDD mode, 1Rx and 2Rx in HD-FDD mode could reuse the uplink configuration for reference sensitivity of 2Rx in FD-FDD mode with the channel bandwidth of 5MHz, 10MHz, 15MHz, and 20MHz.
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Sub-topic 4-1:  REFSENS for 1 RX RedCap UE


Agreement: For REFSENS of 1Rx, use the constant XdB gain relaxation based on 2Rx REFSENS


FFS for X dB


2.5dB for TDD


FFS for FDD


Option 1: 2.5dB


Option 2: 3dB


Sub-topic 4-2: RX RedCap UE in HD-FDD mode


Agreement: For RedCap requirements, focus on HD-FDD only mode


FFS on dual mode, i.e., supporting both FDD and HD-FDD.


Sub-topic 4-3: 1 RX RedCap UE in HD-FDD mode


Agreement: For Rx RedCap UE in HD-FDD mode, relaxation of Y dB of 2Rx NR FDD band REFSENS


Y value should be less than 2.5dB.


Other RX requirements than REFSENS


Agreement: Reuse the ACS, maximum input level, Blocking, Spurious response, Rx IM, Spurious and based on Redcap REFSENS
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