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1. Introduction
	In RAN#88-e meeting, the study item on support of reduced capability NR devices was updated. The updated description on the study item can be found in [1] from which the objectives relevant to the discussion in this Agenda Item are copied below:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· 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 
The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
…
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity


2. Discussion
In this contribution, we present our views on the potential UE complexity reduction features for the reduced capability NR devices. For our discussion, the three main uses cases for the reduced capability NR devices in NR network are copied below: [1]
· Connected industries
· Smart city innovations
· Wearables
2.1. Reduced number of UE Rx/Tx antennas
In RAN1#101-e meeting, the following agreements were made for reduced number of UE Rx/Tx antennas.
	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.


Considering the amount of DL coverage loss, it is natural to support 2Rx/1Tx antennas. However, a form factor limitation makes most of smart watches in the market have only 1Rx/1Tx antennas and much smaller antenna size [2]. Moreover, cost/complexity reduction for devices should be considered. In order to support devices with compact form factor, such as wearables and wireless sensors 1Rx/1Tx should be considered. The resulting coverage loss can be compensated by the coverage recovery techniques. 
Observation 1: Considering a form factor limitation, 1Rx/1Tx antennas for the reduced capability NR devices need to be supported, and the coverage loss can be compensated by the coverage recovery techniques if needed.
2.2. [bookmark: _Ref47098843]UE Bandwidth reduction
Regarding bandwidth reduction, following agreements were made in RAN1#101-e meeting.
	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


From the cost/complexity perspective, there is no doubt the maximum UE bandwidth should be as narrow as possible. However, at the same time it should support the peak data rate required per use case. Therefore, for discussion on the maximum UE bandwidth, we need to check the peak data rates of the three use cases and see what the maximum UE bandwidth should be to support them. The follow-up discussion would be on whether they should be supported via a single device type or multiple device types. 
As the NR spec TS38.306 already defines the supported max data rate in Clause 4.1.2, we can use it for the metric of the required peak data rate to check the required maximum UE bandwidth per each use case. For the value of the required peak data rate per each use case, we believe the baseline use case specific requirements in the SID (copied below) can serve as a quick reference.
	As a baseline, the requirements for these three use cases are:
Generic requirements:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.
Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


There are reference peak bit rates in the SIB we can refer for the video surveillance and industrial wireless sensors. For the Industrial Wireless Sensors (IWS), we have the following note in the SID:
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Table 1	UL/DL physical layer parameter values set by the field ue-CategoryUL/DL
	Category
	3GPP
	Downlink
	Uplink

	
	Release
	Max number of DL-SCH TB bits within a TTI
	Max number of bits of a DL-SCH TB within a TTI
	Max number of layers for SM in DL
	Max number of UL-SCH TB bits within a TTI
	Max number of bits of an UL-SCH TB within a TTI

	
	
	
	(Mbit/s)
	
	
	
	(Mbit/s)
	

	NB1
	Rel 13
	680
	0.23
	680
	1
	1000
	0.25
	1000

	NB2
	Rel 14
	2536
	0.25
	2536
	1
	2536
	0.25
	2536

	M1
	Rel 13
	1000
	1
	1000
	1
	1000
	1
	1000

	M2
	Rel 14
	4008
	4
	1000
	1
	6968
	7
	6968

	0
	Rel 12
	1000
	1
	1000
	1
	1000
	1
	1000

	1
	Rel 8
	10296
	10
	10296
	1
	5160
	5
	5160

	1bis
	Rel 14
	10296
	10
	10296
	1
	5160
	5
	5160

	2
	Rel 8
	51024
	51
	51024
	2
	25456
	25
	25456

	3
	Rel 8
	102048
	102
	75376
	2
	51024
	51
	51024

	4
	Rel 8
	150752
	150
	75376
	2
	51024
	51
	51024


According to the Note 1 in SID and Table 1 (from Clause 4.1 in TS 36.306), the reference peak bit rates for the IWS can be set to ~ 10 Mbps.
Per each use case, example configurations of {Maximum UE bandwidth, Number of Layers (NL), Modulation order (Qm), ScalingFactor} to support the peak bit rates are summarized below for reference:
· Industrial wireless sensors (IWS)
· Reference bit rate: < 2 Mbps (potentially UL heavy traffic)
· Peak bit rate: 10 Mbps (according to the Note1 in the SID and the Table below)
· Example 1) Supported max data rate = 13 Mbps @ {5MHz, NL=1, Qm=4, ScalingFactor=1.0}
· Video Surveillance
· Reference bit rate: < 2-4 Mbps for economic video; ~ 7.5-25 Mbps for high-end video (UL heavy traffic)
· Peak bit rate: 25 Mbps
· Example 2-1) Supported max data rate = 28 Mbps @ {20MHz, NL=1, Qm=2, ScalingFactor=1.0}
· Example 2-2) Supported max data rate = 28 Mbps @ {10MHz, NL=1, Qm=4, ScalingFactor=1.0}
· Wearables
· Reference bit rate: 5-50 Mbps in DL and 2-5 Mbps in UL for smart wearable application 
· Peak bit rate: up to 150 Mbps in DL and up to 50 Mbps in UL
· Example 3-1) Supported max data rate = 170 Mbps @ {20MHz, NL=2, Qm=6, ScalingFactor=1.0}
· Example 3-2) Supported max data rate = 13 Mbps @ {5MHz, NL=1, Qm=4, ScalingFactor=1.0}
Based on the calculations above, it is observed that every required peak bit rate is provided with maximum 20 MHz bandwidth. Thus, from cost/complexity perspective, there is no need to study over 20 MHz of the maximum UE bandwidth of the reduced capability NR devices.
Observation 2: Maximum 20 MHz UE bandwidth of the reduced capability NR devices is sufficient from the perspective of required peak rate and cost/complexity.
During RAN1#101-e meeting e-mail discussion, DOCOMO raised an issue as follows: [3]
	For reusing existing SSB, CORESET#0, and corresponding SIB1 PDSCH, supporting 20MHz UE BW would be enough. However, for reusing existing random access procedure, when 8 ROs are FDMed with 30kHz SCS, the total BW is larger than 20MHz. If RedCap UE supports maximum 20MHz BW (i.e., maximum initial UL BWP size), the ROs outside of initial UL BWP cannot be used and hence, UE may not able to transmit PRACH corresponding to the best SSB. In addition, as stated in SID, the lowest capability considered should be no less than an LTE Category 1bis modem, supporting larger than 20MHz BW can be included in the study at least for initial access.


As well as the case mentioned above, if 8 ROs are FDMed with long PRACH preamble, they exceeds the maximum bandwidth of reduced capability NR devices. The devices can only be configured to transmit PRACH by selecting one of 4 ROs which are located in reduced bandwidth of 20 MHz. Thus, if the best SSB beam that the devices measure is outside of initial UL BWP, they have to transmit PRACH corresponding not best SSB beam during initial access. 
Without supporting larger than 20 MHz bandwidth, the problem cases are able to be avoided as the NR spec TS38.213 clause 8.1 specifies mapping between ROs and SSBs as follows:
	SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots
An association period, starting from frame 0, for mapping SS/PBCH block indexes to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH block indexes are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH block indexes to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to [image: ] SS/PBCH block indexes, no SS/PBCH block indexes are mapped to the set of PRACH occasions or PRACH preambles. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH block indexes repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PRACH transmissions.


If a number N of SSB indexes associated with one RO is larger than one, possible 8 SSBs are mapped to 4 or fewer ROs. The SSBs are mapped cyclically then, all possible SSBs can be mapped to the ROs inside initial UL BWP of reduced capability NR devices. Thus, the devices are able to transmit PRACH corresponding the best SSB. However, which restricts the RACH configuration of legacy NR devices to set SSB indexes to associate with more than one ROs.
Observation 3: The worst cases of not being able to transmit PRACH corresponding the best SSB for reduced capability NR devices are able to be avoided by RACH configuration of the current specification.
In order not to impose restrictions, there can be options to help reduced capability NR devices not supporting larger than 20 MHz bandwidth to transmit PRACH corresponding to the best SSB for initial access. For example, an option can be that multiple (e.g., 2) initial UL BWPs are configured to a UE and the UE selects the initial UL BWP to which the RO associated with the best SSB belongs.
Proposal 1: Study for the reduced capability NR devices with 20 MHz maximum bandwidth how to transmit PRACH.
2.3. Half-Duplex-FDD
In RAN1#101-e meeting, both Half-Duplex-FDD (HD-FDD) operation Type A and Type B were decided to study as following:
	Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.


Reviewing the previous study report [3], the pros and cons of HD-FDD can be summarized as follows:
· Low cost/complexity by replacing duplexer by switch
· gNB scheduling more complicated to ensure no conflicts in the link direction
· Need switching time causing SINR loss at the reception
· No impact on the coverage
· Reduced device power consumption due to low insertion loss and no simultaneous Tx/Rx
Even though, in our view, none of the claims above is really critical, we tend to think, for most of the target use cases in the SID, there is a value in supporting HD-FDD in terms of cost/complexity, and the value becomes larger for the more cost/complexity sensitive devices, e.g., for the wireless sensor applications, in which case even supporting the Type B HD-FDD operation in NR may be needed in the end. For Type A and Type B, as we don’t expect the work load to become much larger when we work on both of them compared to working Type A only, our preference is to support both Type A and Type B in Rel-17 perhaps based on device capability.
Observation 4: Supporting Half-Duplex FDD operation is beneficial for most use cases of reduced capability NR devices.
2.4. Relaxed UE processing time
In RAN1#101-e meeting, following agreements were made for UE processing time relaxation.
	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.


During the initial access procedures, a PDSCH processing time N1 and a PUSCH preparation time N2 before reporting the capability parameters are defined assuming the UE processing capability 1. For example, transmission times like 
· a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant (ms) and
· a minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information (ms)
are based on the capability 1.
If reduced capability NR devices are operated with a more relaxed UE processing time, the network has to configure initial access scheduling for reduced capability devices and legacy devices separately. If initial UL BWPs of reduced capability devices and legacy devices are configured separately, the network is able to schedule the devices considering each UE processing capability. It can be an alternative that the devices transmit PRACH in (partially or fully) overlapped BWPs and they are distinguished via preambles (or subsequent messages) during initial access. 
Proposal 2: In order to support relaxed UE processing time for reduced capability NR devices during initial access, discuss if a separate initial UL BWP or distinction via PRACH preambles (or subsequent messages) is required.
3. Conclusion
In this contribution, we present our view on the potential UE complexity reduction features for the reduced capability NR devices.
Observation 1: Considering a form factor limitation, 1Rx/1Tx antennas for the reduced capability NR devices need to be supported, and the coverage recovery techniques needs to be studied to compensate coverage loss.
Observation 2: Maximum 20 MHz UE bandwidth of the reduced capability NR devices is sufficient from the perspective of required peak rate and cost/complexity.
Observation 3: The worst cases of not being able to transmit PRACH corresponding the best SSB for reduced capability NR devices are able to be avoided by RACH configuration of the current specification.
Observation 4: Supporting Half-Duplex FDD operation is beneficial for most use cases of reduced capability NR devices.
[bookmark: _GoBack]Proposal 1: Study for the reduced capability NR devices with 20 MHz maximum bandwidth how to transmit PRACH.
Proposal 2: In order to support relaxed UE processing time for reduced capability NR devices during initial access, discuss if a separate initial UL BWP or distinction via PRACH preambles (or subsequent messages) is required.
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