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1. [bookmark: _Ref521334010]Introduction
In RAN#86, a new Rel-17 SI on support of reduced capability NR devices was approved [1]. One of the objectives is to identify and study potential UE complexity reduction features, including:
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD
· Relaxed UE processing time
· Relaxed UE processing capability
In this contribution, we provide our initial considerations on potential UE complexity reduction features for reduced capability NR devices.
2. Discussion
We provide our initial considerations on potential UE complexity reduction features as follows.
· Reduced number of UE RX/TX antennas
In NR Rel-15 and Rel-16, the UE is required to be equipped with a minimum of two Rx antennas in all operating bands except for the bands n7, n38, n41, n77, n78, n79 (in FR1) where the UE is required to be equipped with a minimum of four Rx antennas. For UL, since UL MIMO is optional for NR UEs, 1 Tx antenna is allowed.
It is considered that reducing the number of UE Rx antennas can potentially reduce the UE complexity as well as the device form factor which are beneficial for NR reduced capability UEs e.g. industrial wireless sensors and wearables. However, it is obvious that reduced number of UE Rx antennas will negatively impact DL performance including coverage and throughput. So it is a tradeoff between UE complexity reduction and performance loss. 
In LTE MTC study, single receive RF chain (compared to two receive RF chains of a reference LTE modem) was studied. Cost savings in both RF and baseband processing were observed. An overall relative cost savings compared with the reference LTE modem is in the range 15%-38% [2]. However, the cost breakdown of a NR modem is expected to be different from LTE modem, so the relative cost/complexity saving from reduced NR UE Rx antennas could be different. The impact on coverage was also evaluated in LTE MTC study. It was observed that depending on the channel conditions, the performance loss is expected to be of the order of 3-6dB for PDCCH (for 1% BLER), 3-5dB for PCFICH (for 1% BLER) and 3-6dB for PHICH (for 0.1% BLER). The performance loss needs to be evaluated for NR as well and coverage recovery may be needed to compensate the coverage loss [3].
· UE Bandwidth reduction
In NR Rel-15 and Rel-16, for FR1, all the bandwidths listed in TS38.101-1 Table 5.3.5-1 for each band shall be mandatory with a single CC unless indicated optional. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. The UE is mandated to support a bandwidth of 100MHz for bands n41, n77, n78, n79 with a 30kHz or 60kHz subcarrier spacing in FR1. 
It is considered that reducing the UE bandwidth can potentially reduce the UE complexity albeit the performance including throughput and coverage may be negatively impacted. According to the SID, Rel-15 SSB bandwidth should be reused so that a minimum of 20 PRBs should be supported. 
In addition, given that the reduced bandwidth would limit the data rate, the minimum UE bandwidth should be determined taking the target data rate into account. The supported minimum and maximum data rate (assuming 256QAM is not supported) for different UE bandwidths and number of antennas are provided in Table 1 according to the equation in clause 4.1.2 in 38.306. The minimum supported data rate is calculated assuming  [4].
Table 1: Minimum and Maximum data rate with different bandwidths and number of Rx antennas
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]UE BW
	DL min data rate (Mbps)
	DL max data rate (Mbps)
	UL min data rate (Mbps)
	UL max data rate (Mbps)

	
	
	1 Rx
	2 Rx
	
	

	5 MHz
	15
	22
	44
	16
	24

	10 MHz
	30
	44
	89
	32
	48

	20 MHz
	59
	89
	178
	64
	95

	100 MHz
	283
	425
	850
	311
	467



The required data rates for different use cases are different as defined in the SID. The peak data rate for wearables can be up to 150Mbps for downlink. A UE bandwidth of 10MHz cannot meet the DL peak data rate. For other use cases, much lower data rate is required.
Observation: A UE bandwidth of 10MHz with up to 2 Rx antennas cannot achieve DL peak bit rate of 150Mbps.
In addition, both DL and UL coverage may also be negatively impacted due to loss in frequency selective scheduling gain and frequency diversity gain. 
Proposal 1: Further study 1, 2 UE Rx antenna(s) and reduction of UE bandwidth taking UE complexity reduction, coverage and data rate into account.
· Half-Duplex-FDD
Half-duplex FDD was supported in LTE from Rel-8 with a per band HD-FDD capability reporting. In LTE Rel-12, a relaxed guard period (up to 1 ms) for HD-FDD (type B HD-FDD operation) was introduced for low cost MTC devices assuming single oscillator.
In Rel-15/16 NR, no HD-FDD capability reporting is supported so HD-FDD operation is not supported in NR although NR physical layer design has already provided a flexible frame to support HD-FDD operation. An overall cost saving based on the reference LTE modem of 4-8% was observed [2]. First of all, it should be studied that whether tangible UE complexity reduction can be achieved and the assumption of number of oscillators. It is noted that half-duplex FDD would further limit the DL/UL data rate given that UE is not capable of simultaneous transmission and reception so the impact on UE data rate should be considered.
Proposal 2: Study UE complexity reduction benefit from half-duplex FDD and the assumption of number of oscillators.
· Relaxed UE processing time
In NR Rel-15 and Rel-16, UE PDSCH processing time and PUSCH preparation time are defined in section 5.3 and 6.4 respectively in TS38.214. Two processing capabilities are defined and processing capability 2 defined for FR1 only is more aggressive. In addition, UE CSI computation time was defined in section 5.4 in TS38.214. 
One potential UE complexity reduction technique is to further relax the UE processing time in order to allow UE to process more slowly. Whether and to what extent relaxed UE processing time can benefit UE complexity reduction need to be discussed. From performance perspective, relaxed UE processing time may increase the latency and potentially reduce the throughput.
· Relaxed UE processing capability
Various UE processing capabilities are defined in NR. Relaxed UE processing capability can potentially reduce UE complexity. It needs further study what UE processing capability(ies) can be relaxed to achieve UE complexity reduction.
Proposal 3: Study UE complexity reduction benefit from relaxed UE processing time and capability.

3. Conclusion
In this contribution, we provided our view on potential UE complexity reduction features with the following observation and proposals.
Observation: A UE bandwidth of 10MHz with up to 2 Rx antennas cannot achieve DL peak bit rate of 150Mbps.

Proposal 1: further study 1, 2 UE Rx antenna(s) and reduction of UE bandwidth taking UE complexity reduction, coverage and data rate into account.
Proposal 2: Study UE complexity reduction benefit from half-duplex FDD and the assumption of number of oscillators.
[bookmark: _GoBack]Proposal 3: Study UE complexity reduction benefit from relaxed UE processing time and capability.
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