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1	Introduction
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 
For 2 Rx branches FD-FDD/TDD REFSENS (i.e. bullet 3), it was already agreed that re-use existing single carrier REFSENS requirement, but FFS on HD-FDD mode (i.e. bullet 4).
For single Rx branches REFSEN (i.e. bullet 1 and 2), some discussions have already been done in [1~7], but no consensus were achieved. Some agreements were captured in [8], where:
	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
Agreement: For RedCap requirements, focus on HD-FDD only mode
· FFS on dual mode, i.e., supporting both FDD and HD-FDD.
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.


In this contribution, we provide some further discussions on FR1 RedCap UE requirements.
2	Discussion
According to the above agreements, it can be seen that 2.5dB relaxation for single Rx TDD band REFSENS requirements comparing with dual Rx.
For single Rx FDD, the argument was mainly that whether or not dual mode, i.e., supporting both FDD and HD-FDD, are supported. In terms of the the discussions in last meeting, the comments among companies are diverse, where in case of dual mode are supported, the duplxer needs to be kept to support both HD-FDD and FD-FDD, but if only HD-FDD is considered, then duplxer would be replaced with single-band filter. The differentiates of insert loss for these two cases would be seen, which would cause different REFSEN requirements defined.
In our understanding, so far the benefit is unclear to support dual mode, and it seems it would increase complexity/cost comparing with single mode FD or HD, and also it seems the current WID didn’t include the dual mode. Therefore we think it would be better to focus on HD-FDD only mode, as stated in the WF.
Considering 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.
According to the Low Cost LTE MTC discussion [9], 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 [9] such as band 20 for 15, 20MHz CBW, where 3dB tighten for single Rx FD-FDD/TDD REFSENS. It can be seen that 0.8dB better for HD-FDD REFSENS comparing with FD-FDD/TDD REFSENS.
It shall be noted that the above approach was already considered in the above agreements for 1Rx FD-FDD, and for 1Rx HD-FDD, less than 2.5dB relaxation of 2Rx NR FDD band REFSENS, which means the REFSEN requirements for 1Rx HD-FDD are better than 1Rx FD-FDD.
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, it is proposed:
Proposal 1. For single Rx FD-FDD REFSENS:
· Unless stated otherwise: Existing 2Rx REFSENS + 2.5dB 
· For some exception bands: Existing 2Rx REFSENS + 3 dB 
Proposal 2. For single Rx HD-FDD REFSENS: Existing 2Rx REFSENS + 1.7dB
Proposal 3. For 2Rx+HD-FDD REFSENS: 
· Unless stated otherwise: Existing 2Rx REFSENS - 0.8dB 
· For some exception bands: Existing 2Rx REFSENS - 1.3dB
3 Conclusion
In this contribution, we provide some further discussions on FR1 RedCap UE requirements. The conclusions and the proposals are summarized below:
Proposal 1. For single Rx FD-FDD REFSENS:
· Unless stated otherwise: Existing 2Rx REFSENS + 2.5dB 
· For some exception bands: Existing 2Rx REFSENS + 3 dB 
Proposal 2. For single Rx HD-FDD REFSENS: Existing 2Rx REFSENS + 1.7dB
[bookmark: _GoBack]Proposal 3. For 2Rx+HD-FDD REFSENS: 
· Unless stated otherwise: Existing 2Rx REFSENS - 0.8dB 
· For some exception bands: Existing 2Rx REFSENS - 1.3dB
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