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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN #90-e meeting, the WID on support of reduced capability NR devices was approved in [1]. The objectives related to the UE complexity reduction features are following:
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· 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 will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we provide our views on UE complexity reduction features and related specification impacts. 

2. UE bandwidth reduction 
2.1. Wider bandwith support for FR1
According to the WID, for RedCap, the maximum bandwidth during and after initial access is 20 MHz and 100 MHz for FR1 and FR2. One discussion point is for FR1, whether to support of a wider bandwidth up to 40MHz after initial access. RedCap should support 3 use cases: IWSN, Video Surveillance and Wearables. For Wearable use case, according to requirements for data rate, it can be further divided into the high-end and low-end wearables. For high-end wearables, the peak bit rate is up to 150 Mbps for downlink and up to 50 Mbps for uplink. 
To meet the peak bit rate of 150Mbps, there are two options. One option is to use 20MHz, 2 layers and 64QAM; The other option is to use 40MHz, 1 layer and 64QAM. For option 1, it would require the high-end wearable to implement 2Rx. However, based on the evaluation in section 3, for smart wearables, the compact device form factor will result in closely spaced highly correlated antennas for 2Rx, the device cannot support the desirable rank 2 performance. Therefore, for high-end wearables requiring 150Mbps, option 2 should be allowed by specification. To make a clear gap between the RedCap UEs and smartphones, one restriction can be added for RedCap UE that it cannot support 40 MHz and 2 DL MIMO layers at the same time. 
Observation 1: Due to compact device form factor, the combination of 40MHz, 1 layer and 64QAM can support high-end wearables requiring the 150Mbps.
Proposal 1: For RedCap UEs with 1Rx, a wider bandwidth up to 40MHz is optionally supported after initial access. 
2.2. Narrowband operation in a wideband carrier
Generally, the bandwidth of 20 MHz for FR1 and 100 MHz for FR2 allows a RedCap UE to reuse existing procedures for acquiring SSB, SIB1, other SIBs, RAR and Msg4, establishing connection with the network. For initial access, RedCap and eMBB UEs can share the same initial BWP in downlink and uplink. After initial access, if the RedCap UE can only stay in the initial BWP, when the number of RedCap UEs becomes larger, the load of the initial BWP will be become heavier. Therefore, Methods to offload UEs to frequency resources other than initial BWP can be considered for reduced capability UEs, as shown in Figure 1. 
In Rel-15, cell defining SSBs (CD-SSB) are used for synchronization, intra-frequency RRM, RLM and etc., and the CD-SSB is contained in the initial DL BWP for SSB&CORESET#0 multiplexing pattern 1 in FR1. In this case, UE can receive SSBs inside the operating bandwidth without RF retuning. Although UE can be configured to other DL BWPs in RRC connected mode, UE mandatorily supports the active DL BWP which has SSB fully contained in the BWP bandwidth (UE FG 6-1) in Rel-15/16. UE supporting an active BWP without SSB is an optional feature.
Typically, the network may only transmit SSBs at one frequency part in the system bandwidth. If a RedCap UE is offloaded to a BWP without SSB, the UE may need to perform RF retuning frequently to receive SSB for synchronization, RRM and RLM, etc. Given the BWP switching delay may be up to 3ms, it may lead to frequent interruption for RedCap UEs, as shown in Figure 1a. On the other hand, if the RedCap UE is offloaded to a BWP containing SSB, UE can receive SSB within the active BWP without frequent RF retuning, as shown in Figure 1b although it may lead to higher overhead since additional SSBs should be transmitted for RedCap UEs.




(a)                                                                                             (b)
[bookmark: _Ref40378380]Figure 1:  Offloading UEs to BWPs other than initial DL BWP
Observation 2: If RedCap UEs are offloaded to a BWP without SSB, UE may need to perform RF retuning to receive SSB for synchronization, RRM, RLM, etc., and it will lead to frequent interruptions for RedCap 
Observation 3: For both IDLE/INACTIVE and RRC-CONNECTED modes, if RedCap UEs are offloaded to a different BWP than initial BWP, it is beneficial from UE implementation perspective to have SSB transmitted in the operating BWP for RedCap UEs.
If the RedCap needs to be offloaded to a BWP containing SSB, then it is also possible and beneficial to consider supporting the offloading mechanism before RRC connection. For example, network can offload the transmissions for RedCap UEs to a separated CORESET#0/initial BWP, which is FDMed with the normal UEs. 
Proposal 2:  To support mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
3. Reduced number of UE Rx antennas 
For reduced minimum number of Rx branches, one pending issue is the determination of the minimum number of Rx branches for a RedCap UE 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 performance impacts for supporting the 1Rx RedCap UE from network perspective has been extensively studied in SI. For the impact to network capacity and spectral efficiency, following consistent observations from different sources can be found in [2] based on the RAN1 agreed traffic model i.e., FTP model 3 for eMBB UEs and IM model for RedCap UEs and scheduling BW assumption i.e., 100MHz for eMBB UEs and 20MHz for RedCap UEs: 
	For burst traffic evaluation with IM traffic model for RedCap users:
· 3 sources (Ericsson, Vivo, Qualcomm) observed that the RedCap users have minor or no impact on spectral efficiency and capacity, and little impact to the performance of co-existing eMBB users in the system
· It is further noted that the 1 Rx RedCap users do not make an appreciable change on the user throughput performance of the eMBB users compared to the 2 Rx RedCap users



For coverage performance in FR1, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. For the downlink channels, the coverage recovery is not needed for 1Rx UE at 4GHz with typical gNB PSD (33dBm/MHz) and any other FR1 TDD bands. 
Observation 4: In the evaluated scenarios, the performance impact on the network capacity, spectral efficiency and coverage due to introduction of 1Rx RedCap UEs in the network is minor. 
Supporting 1Rx is crucial to enable wearable use cases with form factor limitations. Typically, the antenna size for smart watch is much smaller than the antenna size for smart phone. If it is mandated that wearables should implement 2Rx in these bands, the compact device form factor will result in high Rx antenna correlations, large throughput degradation is expected compared to the ideal antenna assumption e.g., low correlation ensured by sufficient antenna separation. Figure 1 provides the evaluation results on throughput for 1Rx and 2Rx with antenna correlations. Table 1 summarizes the simulation assumptions, as shown in appendix. 
[image: ]
Figure 2 : Throughput results for 1Rx and 2Rx with RX antenna correlation
As observed, for smart wearables, 2Rx with high antenna correlations (antenna separation equals to 0.2*wavelength)has dramatic throughput loss compared to lager antenna separation (0.8*wavelength) for cell phones. For typical operation with SIR=5/10/15dB, at the range of mid to high SNR, the gain by 2Rx with high antenna correlations is marginal (less than 10%) compared to 1Rx. 

Observation 5: Considering practical wearable implementations, 2Rx will result in large throughput degradation due to the high Rx antenna correlations compared to the ideal antenna assumption with low correlation ensured by sufficient antenna separation, and the gain over 1Rx is marginal. 
Therefore, it is crucial to allow 1Rx implementation at least for some wearable devices. For devices types that are not very restricted by form factor, 2Rx can be supported. 
Proposal 3: 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.
4. Half-duplex FDD operation
HD-FDD operation type A is supported by RedCap UEs. To support the HD-FDD operation, following impacts on RAN1 specifications are expected:
· Specifying DL-to-UL and UL-to-DL switching time
· Specifying how the UE handles DL/UL collision
For DL-to-UL and UL-to-DL switching time, currently, following transition time is defined for a UE that is not capable of full-duplex communication [3]:
	TS 38.211 sub-clause 4.3.2
[…]
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


[…]



From above, it can be seen that for Rel-15/16 none full duplex operation, the transition time is symbol-level for FR1 and FR2. To support RedCap HD FDD operation, above transition time can be baseline. 
Proposal 4: To support RedCap HD FDD operation, the transition time defined in Table 4.3.2-3 of TS 38.211 can be the starting point. 
For handling the DL/UL collision, similar UE behavior defined for operation on a single carrier in unpaired spectrum can be considered to apply for RedCap UEs operating in HD-FDD. For example, if HD-FDD UE is not configured to monitor DCI format 2_0 (even for UEs operating with full duplex FDD, it should NOT be the typical case to configure the UE to monitor the DCI format 2_0 ), then
· the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot;
· the UE does not expect to detect a first DCI format scheduling a transmission or reception on a symbol and a second DCI format scheduling a reception or transmission on the symbol;
· if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot. 
· if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
· the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 
· the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 
Table 2 gives brief summary on handling the DL/UL collisions for RedCap UE operating in HD-FDD. 
Table 2. HD-FDD UE behavior for collision handling 
	Collision case
	HD-FDD UE behavior

	RRC D vs. RRC U
	Error case

	Dynamic D vs. Dynamic U
	Error case

	RRC D vs. Dynamic U
	Dropping RRC D

	RRC U vs. Dynamic D
	Dropping RRC U if timeline is satisfied ; otherwise, error case


Proposal 5: For HD-FDD UE handling the DL/UL collisions, UE behavior defined for operation on a single carrier in unpaired spectrum should be the baseline to minimize the specification impacts. 
5. Conclusion
This contribution discusses complexity reduction features for RedCap devices. The observations and proposals are summarized as following:
Observation 1: Due to compact device form factor, the combination of 40MHz, 1 layer and 64QAM can support high-end wearables requiring the 150Mbps.
Observation 2: If RedCap UEs are offloaded to a BWP without SSB, UE may need to perform RF retuning to receive SSB for synchronization, RRM, RLM, etc., and it will lead to frequent interruptions for RedCap 
Observation 3: For both IDLE/INACTIVE and RRC-CONNECTED modes, if RedCap UEs are offloaded to a different BWP than initial BWP, it is beneficial from UE implementation perspective to have SSB transmitted in the operating BWP for RedCap UEs.
Observation 4: In the evaluated scenarios, the performance impact on the network capacity, spectral efficiency and coverage due to introduction of 1Rx RedCap UEs in the network is minor. 
[bookmark: _GoBack]Observation 5: Considering practical wearable implementations, 2Rx will result in large throughput degradation due to the high Rx antenna correlations compared to the ideal antenna assumption with low correlation ensured by sufficient antenna separation, and the gain over 1Rx is marginal. 
Proposal 1: For RedCap UEs with 1Rx, a wider bandwidth up to 40MHz is optionally supported after initial access. 
Proposal 2:  To support mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
Proposal 3: 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.
Proposal 4: To support RedCap HD FDD operation, the transition time defined in Table 4.3.2-3 of TS 38.211 can be the starting point. 
Proposal 5: For HD-FDD UE handling the DL/UL collisions, UE behavior defined for operation on a single carrier in unpaired spectrum should be the baseline to minimize the specification impacts. 
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Appendix

Table 1. Simulation assumptions
	Parameter
	Value

	Carrier frequency for evaluation
	3GHz

	Channel model
	CDL-D , delay spread: 30ns

	UE speed
	3km/h

	BS antenna configuration
	2 Tx antenna ports configured with ±45° polarization in CDL-D

	UE antenna configuration
	2 Rx antenna ports configured with dual 90° polarization in CDL-D

	PDSCH
	8PRB ,12 symbols， SCS=15kHz

	Transmission scheme
	Type I codebook with PRG4

	CSI-RS
	24PRB with 80ms period

	Receiver assumption
	Realistic channel estimation and adaptive MMSE-IRC equalizer

	Adaptation function
	AMC enabled, RI adaptation enabled, HARQ enabled
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