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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]. The SID was updated in [2] in RAN#88e. The discussion in RAN1 started in RAN1#101-e and some high-level agreements were made.
Reduced number of UE RX/TX antennas
Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Furthermore, according to the updated SID [2], the lowest bandwidth capability considered should be no less than an LTE Category 1bis modem thus maximum UE bandwidth smaller than 20MHz for FR1 was precluded. 
UE Bandwidth reduction
Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
Half-Duplex FDD
Agreements:
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
Relaxed UE processing time
Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

In this contribution, we provide our considerations on some of the potential UE complexity reduction features for reduced capability NR devices based on the agreements.
2. Discussion
We provide our 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.
Reduced number of Rx antennas is expected to reduce UE complexity. It was agreed to study 1Rx/1Tx and 2Rx/1Tx for FR1 and FR2 respectively for RedCap UEs in RAN1#101-e meeting. 
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% [3]. Reduced number of UE Rx antennas would negatively impact DL performance including DL coverage, spectral efficiency, capacity and throughput. In addition, reduced number of Rx antennas is beneficial to achieve small form factor.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The initial link-level performance loss due to reduced number of UE RX antennas for PDCCH, PDSCH and SSB were evaluated according to the simulation assumptions listed in Annex.
PDCCH
The required SNR @ BLER=1% for different aggregation levels and different number of Rx antennas are given in Table 1 according to the simulation assumptions listed in Annex. 
[bookmark: _Ref47596070]Table 1: PDCCH performance @2.6GHz
	PDCCH BLER=1%
	AL1
	AL2
	AL4
	AL8
	AL16

	
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]

	4Rx
	2.2
	-
	-1.65
	-
	-5.82
	-
	-8.30
	-
	-10.15
	-

	2Rx
	8.68
	6.48
	3.87
	5.52
	-0.50
	5.32
	-4.83
	3.47
	-7.56
	2.59

	1Rx
	16.03
	13.83
	10.47
	12.12
	3.76
	9.58
	-1.02
	7.28
	-4.06
	6.09



Coverage of PDCCH is limited by the performance of the largest AL. For AL16, 2.59dB and 6.09dB performance loss is observed if the number of UE Rx antennas is reduced from 4Rx to 2Rx and1Rx respectively. 
[bookmark: _Ref47601291]According to our evaluation results of coverage performance for FR1 [4], the MPL of PDCCH with AL16 and the MPL of the target ISD for urban and rural scenarios are shown in Table 2. 
Table 2: MPL of urban and rural with carrier frequency of 2.6GHz
	[dB]
	Urban (4Rx)
	Rural TDL-C 3kmph (4Rx)

	
	MPL
	Target MPL for ISD=500m
	Margin
	MPL
	Target MPL for ISD=1732m
	Margin

	SSB
	137.41
	118.01
	19.4
	150.53
	127.83
	22.7

	PDCCH
	134.55
	
	16.51
	147.67
	
	19.84


It is observed that with up to 6.09dB performance loss due to reduced number of Rx antennas, the MPL of PDCCH is still higher than the target MPL, i.e. PDCCH is still not the limiting channel. For RedCap UEs, due to limited UE bandwidth, it is possible that AL16 cannot be always used, e.g. for higher SCS. But even for AL8, with 9.13dB performance loss from AL16/4Rx to AL8/AL1Rx, PDCCH is still not the limiting channel.
Observation 1: With reduced number of Rx antennas of 2Rx and 1Rx, PDCCH is not the limiting channel for urban and rural scenario with target ISD of 500m and 1732m respectively with carrier frequency of 2.6GHz.
In addition, it is observed that the performance loss is larger for smaller AL for a given number of UE Rx antennas. According to the analysis in [5], it is observed that the required average number of CCEs for UEs with reduced number of Rx is significantly increased, e.g. ~3X for 1Rx compared with 4Rx and ~2X for 2Rx compared with 4Rx.
Observation 2: The required average number of CCEs for UEs with reduced number of Rx is significantly increased.
PDSCH
The PDSCH performance of 10Mbps data rate with different number of UE Rx antennas assuming UE bandwidth of 20MHz is shown in Figure 1 according to simulation assumptions listed in Annex. 
[image: ] 
[bookmark: _Ref47602243]Figure 1: PDSCH performance of 10Mbps @ 2.6GHz
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]It is observed that the PDSCH performance is degraded by 3.85dB and 9.83dB if the number of UE antennas is reduced from 4Rx to 2Rx and 1Rx respectively.
Observation 3: PDSCH performance degrades significantly with reduced number of UE Rx antennas for a certain target data rate.
SSB
The performance of SSB with 1Rx/2Rx/4Rx assuming 2.6GHz carrier frequency is provided in Figure 2. 
[image: ]
[bookmark: _Ref47603339]Figure 2: BLER of SSB @2.6GHz
It is observed that the SSB performance is degraded by 2.44dB and 5.51dB if the number of UE antennas is reduced from 4Rx to 2Rx and 1Rx respectively. According to the MPL in Table 2, with up to 5.51dB performance loss due to reduced number of Rx antennas, the MPL of SSB is still higher than the target MPL, i.e. SSB is still not the limiting channel.
Observation 4: With reduced number of Rx antennas of 2Rx and 1Rx, SSB is not the limiting channel for urban and rural scenario with target ISD of 500m and 1732m respectively with carrier frequency of 2.6GHz.
· 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 was agreed to study 20MHz maximum UE bandwidth at least for initial access for FR1 and study 50MHz and 100MHz maximum UE bandwidth at least for initial access for FR2 in RAN1#101-e.
In Rel-15 NR design, the UE minimum bandwidth in the context of RMSI and COREST containing PDCCH scheduling RMSI was assumed to be no less than 20MHz for FR1 and 100MHz for FR2 [6]. Therefore, for FR1, existing NR design during initial access can be used for a RedCap UE capable of 20MHz maximum UE bandwidth. For FR2, some SSB and CORESET configurations would exceed 50MHz bandwidth and performance loss should be evaluated.
Observation 5: Existing NR initial access design for FR1 can be reused for RedCap UEs supporting 20MHz maximum UE bandwidth from bandwidth size perspective.
The supported maximum data rates for different number of Rx antennas and different modulation orders for a 20MHz bandwidth UE are provided in Table 3 according to the equation in clause 4.1.2 in 38.306. 
Table 3: Maximum data rate with different number of Rx antennas and modulation orders
	
	DL max data rate (Mbps)
	UL max data rate (Mbps)

	
	4Rx
	2Rx
	1Rx
	1Tx

	256QAM
	437
	218
	109
	117

	64QAM
	327
	164
	82
	88

	16QAM
	218
	109
	55
	58



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 20MHz with 1 Rx antenna cannot meet the DL peak data rate of 150Mbps. For other use cases, much lower data rate is required.
Observation 6: A UE bandwidth of 20MHz with 1 Rx antenna cannot achieve DL peak bit rate of 150Mbps.
In order to achieve a certain data rate, a higher MCS needs to be adopted for a smaller UE bandwidth. The required SNR for DL 10Mbps with carrier frequency of 2.6GHz is shown in Table 4..
[bookmark: _Ref47604300]Table 4: PDSCH performance @2.6GHz
	# of UE Rx antennas
	UE bandwidth
	Req. SNR [dB]
	Loss [dB]

	4Rx
	100MHz
	-7.93
	-

	
	20MHz
	-1.17
	6.76

	2Rx
	
	2.68
	10.61

	1Rx
	
	8.66
	16.59


It is observed that for the same number of UE Rx antennas, there is 6.76dB loss if UE bandwidth is reduced from 100MHz to 20MHz. The performance is further degraded if the number of UE Rx antennas is reduced.
Observation 7: PDSCH performance degrades if UE bandwidth is reduced from 100MHz to 20MHz for a certain target data rate.
· 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. The guard period for LTE HD-FDD operations are defined as follows in TS36.211.
	[bookmark: _Toc454818011]6.2.5	Guard period for half-duplex FDD operation
For type A half-duplex FDD operation, a guard period is created by the UE by 
-	not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. 
For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and
-	not receiving a downlink subframe immediately following an uplink subframe from the same UE.


It was agreed to study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized. 
Regarding the required Tx-Rx and Rx-Tx switching times for NR HD-FDD UEs, RAN4 should be consulted. The switching time from DL to UL is created by allowing UE to not receive DL before UL transmission. It can be further discussed whether the switching time should be explicitly defined in the specification. For the switching time from UL to DL, it can be handled by setting appropriate amount of timing advance in the UE, similar as in TDD. It can be further discussed whether specification change is needed.
Proposal 1: Study Tx-Rx and Rx-Tx switching times for half-duplex FDD UEs.

3. Conclusion
In this contribution, we provided our view on potential UE complexity reduction features with the following observations and proposals.
Observation 1: With reduced number of Rx antennas of 2Rx and 1Rx, PDCCH is not the limiting channel for urban and rural scenario with target ISD of 500m and 1732m respectively with carrier frequency of 2.6GHz.
Observation 2: The required average number of CCEs for UEs with reduced number of Rx is significantly increased.
Observation 3: PDSCH performance degrades significantly with reduced number of UE Rx antennas for a certain target data rate.
Observation 4: With reduced number of Rx antennas of 2Rx and 1Rx, SSB is not the limiting channel for urban and rural scenario with target ISD of 500m and 1732m respectively with carrier frequency of 2.6GHz.
Observation 5: Existing NR initial access design for FR1 can be reused for RedCap UEs supporting 20MHz maximum UE bandwidth from bandwidth size perspective.
Observation 6: A UE bandwidth of 20MHz with 1 Rx antenna cannot achieve DL peak bit rate of 150Mbps.
Observation 7: PDSCH performance degrades if UE bandwidth is reduced from 100MHz to 20MHz for a certain target data rate.
[bookmark: _GoBack]Proposal 1: Study Tx-Rx and Rx-Tx switching times for half-duplex FDD UEs.
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5. Annex
Table 5: simulation assumptions for PDCCH, PDSCH and SSB
	Parameters
	Values

	Scenario and frequency
	2.6G Hz

	Subcarrier Space
	30KHz

	UE velocity
	3km/h

	System bandwidth 
	100M, 20M

	# of UE Rx antennas
	1Rx/2Rx/4Rx

	Channel Model
	TDL-C, 300ns

	Channel estimation
	RCE

	CORESET 
	48 RB, 2 OS

	PDCCH AL
	1，2，4，8，16

	PDSCH code rate
	CR=602/1024 for 20M BW
CR=120/1024 for 100M BW

	PDSCH DMRS
	1 OS

	PDSCH duration
	12 OS

	# of SSB
	4

	SSB combination
	Combination of 4 SSBs in 80ms
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