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1 Background
The WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases: connected industries (wireless sensors), video surveillance (smart cities) and wearables use cases [1]. The WI was discussed in RAN4 #99-e and a WF was agreed [2].

In this tdoc we will further discuss FR1 RX aspects and in particular aspects on REFSENS requirements.
2 Discussion
RF architecture
The WI [1] discus the motivation to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16 and enable a device design with compact form factor. The WI further specifies the number of RX antenna ports to be minimum 1 also (optionally) supporting 2 ports. This holds for bands where legacy NR UEs are required to be equipped with a minimum of 2 as well as 4 Rx antenna ports (FR1).
[bookmark: _Ref71384735]Observation 1	The number of RX antenna ports specified for RedCap is to be minimum 1, also supporting (optionally) 2 ports.
The number of supported DL MIMO layers are specified in the WI to be 2 when 2 RX branches are supported, otherwise 1.
[bookmark: _Ref79066189] Observation 2	The number of supported DL MIMO layers are specified to be 2 when 2 RX branches are supported, otherwise 1.
Thus, possible single layer multiantenna implementations (e.g., switched diversity) are considered implementation variants of single antenna port.
Reference sensitivity
RF architecture of legacy NR share a lot of similarities with RF architecture of legacy LTE. It is, therefore, fair to assume (NR) RedCap RF architecture will share similarities with legacy MTC (cat 0), cat M1 and M2.

Reference sensitivity level (REFSENS) was heavily discussed for MTC (cat 0). It could be argued the relaxation due to single RX should be 3dB compared to two RX branches. However, both RF architecture and baseband processing will be somewhat simplified for single RX branch. For MTC (cat 0) and HD-FDD a relaxation of 1.7dB was used and for FD-FDD and TDD a relaxation of 2.5dB was agreed [4] (compared to legacy LTE). Those values were re-used in cat M1 (scaled to 1.4MHz BW) [5] and cat M2. We think those relaxation values can be re-used as a starting point for NR RedCap supporting single RX branch, this time referred to values in TS 38.101-1 Table 7.3.2-1.
[bookmark: _Ref79074055]Observation 3	A REFSENS relaxation of 1.7dB for HD-FDD and 2.5dB for FD-FDD and TDD, referred to the values in TS 38.101-1 Table 7.3.2-1, can be used as a starting point for RedCap supporting single RX branch.

For RedCap supporting 2 RX the REFSENS values can be re-used from TS 38.101-1 Table 7.3.2-1.
[bookmark: _Ref79076685]Observation 4	For RedCap supporting 2 RX the REFSENS values can be re-used from TS 38.101-1 Table 7.3.2-1.
Note that REFSENS is a conducted measurement and is thus not affected by antenna performance. For some of the use cases defined in the WID [1] the available volume for the antenna will be limited, and thus, the radiated performance will likely be degraded compared to e.g., a handheld mobile phone form factor device. This fact has to be considered when defining the OTA performance for RedCap. 
[bookmark: _Ref79080420]Observation 5	The limited antenna volume for some of the use cases for RedCap has to be taken into account when defining OTA requirements for RedCap.
3 Conclusion
In this contribution, we have shared our views on receiver reference sensitivity for NR RedCap. The following observations have been given:
Observation 1	The number of RX antenna ports specified for RedCap is to be minimum 1, also supporting (optionally) 2 ports.
Observation 2	The number of supported DL MIMO layers are specified to be 2 when 2 RX branches are supported, otherwise 1.
Observation 3	A REFSENS relaxation of 1.7dB for HD-FDD and 2.5dB for FD-FDD and TDD, referred to the values in TS 38.101-1 Table 7.3.2-1, can be used as a starting point for RedCap supporting single RX branch.
Observation 4	For RedCap supporting 2 RX the REFSENS values can be re-used from TS 38.101-1 Table 7.3.2-1.
Observation 5	The limited antenna volume for some of the use cases for RedCap has to be taken into account when defining OTA requirements for RedCap.
4 Reference
[bookmark: _Ref76562324][bookmark: _Ref79060017]RP-211574,	“Revised WID on support of reduced capability NR devices”, Ericsson
[bookmark: _Ref71366161][bookmark: _Ref79060326]R4-2108005,	“WF on RedCap”, Ericsson
R4-2111197, 	“RF impact analysis on R17 RedCap”, Ericsson
[bookmark: _Ref79069346]R4-147954 , 	“Reference sensitivity WF for MTC”, Vodafone
[bookmark: _Ref79073994]R4-158435,	“UE receiver requirements for Rel-13 MTC”, Sony, Ericsson

						
