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[bookmark: _Ref513464071]Introduction
In RAN #91e, the part of the WID on support of reduced capability NR devices regarding minimum number of Rx branches was revised as follows:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· 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.

In this contribution, we discuss the coverage of RedCap UEs with 1 Rx branch.
Coverage with reduced number of Rx branches
The greatest impact of reducing the number of Rx antennas would be in the coverage of certain channels. As shown in Table 1 which is copied from Table 9.1.3-5 of TR 38.875 [2], in 4GHz band with 24 dBm/MHz PSD, 1 Rx antenna results in coverage loss for msg2, msg4, and PDCCH CSS. So, coverage recovery is needed for these channels.


[bookmark: _Ref68630266]Table 1 Coverage loss (dB) for 1Rx RedCap UE in Urban 4 GHz with 24 dBm/MHz PSD
	
	PDCCH CSS
	PDCCH USS
	PDSCH
	Msg2
	Msg4
	PBCH
	PUCCH 2bits
	PUCCH 11 bits
	PUCCH 22 bits
	PUSCH 
	Msg3
	PRACH B4

	ZTE
	-4.5
	6.0
	8.6
	-1.3
	-1.1
	 
	16.6
	14.9
	12.3
	-3.0
	10.3
	 

	OPPO
	1.2
	5.2
	4.9
	-6.2
	-0.8
	 
	4.9
	5.0
	4.9
	-3.0
	4.7
	 

	Futurewei
	-6.0
	-4.0
	-7.4
	-13.4
	-9.7
	 
	 
	 
	 
	-3.0
	-2.1
	 

	DCM
	0.8
	4.8
	0.0
	-8.5
	-3.9
	 
	11.5
	15.1
	 
	-3.0
	4.9
	 

	Spreadtrum
	1.3
	5.5
	3.3
	0.3
	0.3
	3.3
	9.8
	7.8
	9.6
	-3.0
	5.1
	7.1

	Ericsson
	-3.9
	0.2
	-3.8
	-11.2
	-7.6
	-2.2
	7.0
	9.0
	7.1
	-2.5
	4.7
	8.3

	InterDigital
	1.7
	5.7
	3.3
	-4.6
	-0.2
	 
	12.2
	 
	7.9
	-3.0
	5.0
	 

	Qualcomm
	2.8
	 
	1.7
	-3.8
	-0.9
	 
	 
	 
	2.8
	-3.7
	3.3
	 

	Lenovo
	-2.0
	 
	-2.6
	-8.1
	-2.9
	 
	11.7
	6.9
	5.7
	-3.0
	2.9
	 

	Representative value (dB)
	-0.8
	4.3
	1.0
	-6.2
	-2.5
	0.6
	10.4
	9.6
	7.0
	-3.0
	4.4
	7.7




For PDCCH coverage recovery, several candidate schemes such as PDCCH repetition, compact DCI, larger AL can be considered. For msg2 and msg4 coverage recovery, repetition and TBS scaling can be investigated. 

Proposal 1: msg2, msg4, and PDCCH coverage enhancement is investigated for 1 Rx branch.

Regarding msg2, Figure 2‑1 shows the BLER with and without TBS scaling. Detailed simulation assumptions are provided in the Appendix. The result shows that TBS scaling brings gain of about 3 dB at 10-1 BLER. Given that the average loss from Table 1 is 6 dB with several companies showing much larger values of loss, only TBS scaling may not be sufficient.

[image: ]
[bookmark: _Ref68618190]Figure 2‑1 msg2 BLER with and without TBS scaling

Conclusion
This contribution has discussed the coverage loss of msg2, msg4, and PDCCH CSS due to reduced number of Rx branches for RedCap UEs. The following is proposed:
Proposal 1: msg2, msg4, and PDCCH coverage enhancement is investigated for 1 Rx branch.
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Appendix

Table 2 Simulation assumptions
	Frequency region
	FR1

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Bandwidth
	100 MHz

	Number of RBs
	3

	Antenna configuration
	4 at the Tx; 1 at the Rx

	Precoding
	Precoder cycling

	Channel estimation
	Realistic, over 1 slot

	Channel model
	TDL-C

	UE speed
	3 km/h
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