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1. Introduction
	The objectives of this study item are as follows [1]:
	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. 
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 fact that currently the form factor limitation makes most of smart watches in the market have only 1Rx/1Tx antennas with much smaller antenna size in some cases, and to support devices with a very compact form factor such as low-end wearables and wireless sensors at the reasonable cost, 1Rx/1Tx should be considered. If the coverage loss being identified at the end of this study item, is deemed considerable, then the techniques to recover the coverage loss need to be developed during the WI phase.
Proposal 1: Considering the form factor limitations of low-end wearables and the wireless sensors, the antenna configuration of 1Rx/1Tx needs to be supported.

2.2. [bookmark: _Ref47098843]UE Bandwidth reduction
Regarding UE 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


And further discussions were made in RAN1#102-e meeting leading to the following agreement.
	Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure.
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 


For discussion on the maximum UE bandwidth, supported max data rates are calculated based on NR spec TS38.306 for a few combinations of {Maximum UE bandwidth, Number of Layers (NL), Modulation order (Qm)} and compared them with the peak data rates for a few use cases described in the SID [1] (copied below for a quick check). 
· Industrial wireless sensors (IWS)
· Reference bit rate: < 2 Mbps (potentially UL heavy traffic)
· Peak bit rate Note1): 10 Mbps
· Supported max data rate Note2): 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
· Supported max data rate: 28 Mbps @ {20MHz, NL =1, Qm =2, ScalingFactor=1.0}
· 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
· Supported max data rate = 170 Mbps @ {20MHz, NL =2, Qm =6, ScalingFactor=1.0}
· Supported max data rate = 113 Mbps @ {20MHz, NL =1, Qm =8, ScalingFactor=1.0}
· Supported max data rate = 85 Mbps @ {20MHz, NL =1, Qm =6, ScalingFactor=1.0}
Note 1) For the industrial wireless sensors, according to the Note 1 in SID [1], it is assumed that the peak bit rate is 10 Mbps which is the DL peak bit rate of LTE Category 1bis modem (Table 1 in Clause 4.1 in TS 36.306).
Note 2) Supported max data rates are calculated based on NR spec TS38.306 per each combination of {Maximum UE bandwidth, Number of Layers (NL), Modulation order (Qm)}.
Based on the calculations above, with the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 2 for FR1, it is observed that all the peak bit rate requirements for the three use cases in the SID can be met even with the potential MCS reduction to 64QAM for DL. And it is also observed that with the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 1 for FR1, the supported max data rate is 113 Mbps without MCS reduction and 85 Mbps with the potential MCS reduction to 64QAM for DL. 
Observation 1: With the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 2 for FR1, it is observed that all the peak bit rate requirements for the three use cases in the SID can be met even with the potential MCS reduction to 64QAM for DL.
Observation 2: With the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 1 for FR1, the supported max data rate is 113 Mbps without MCS reduction for DL.

During RAN1#102-e meeting, there was a discussion on whether there is an issue or a necessity in achieving up to 150 Mbps assuming a 20MHz and rank 1 transmission as captured in [2]. Based on the calculations above, the 150 Mbps peak bit rate cannot be achieved assuming a 20MHz and rank 1 transmission. So, if the peak bit rate is the requirement for the RedCap UEs, then we need to increase either the UE bandwidth or the transmission rank. However, our understanding on the peak bit rate in the SID is for the uses cases that are considered for this RedCap SI, but can be compromised at the end of the study based on the study results. The peak bit rates in the SI have been very rough estimates from the start and we need to be more exact to set up the peak bit rates of the RedCap UEs, which can only become possible at the end of the study item phase. 
Observation 3: The peak bit rates in the SID are for the uses cases that are considered for this RedCap SI, not for the RedCap UEs and can be compromised at the end of the study based on the study results.

From our perspectives, there is no reason to stick to the 150 Mbps DL peak bit rate for the high-end wearables and the DL peak bit rates around 100 Mbps is deemed sufficient considering also the other aspects (cost/complexity, form factor, battery life, etc.) of the RedCap UEs. Our recommendation on the DL peak bit rate for high-end wearables is 113 Mbps which is achievable with 20MHz UE bandwidth, NL =1, and Qm =8 (w/o DL MCS reduction). Or if it can be a bit further relaxed, 85 Mbps with 20MHz UE bandwidth, NL =1, Qm =6 (with DL MCS reduction). We don’t see a need to support more than 20 MHz for the RedCap max UE bandwidth.
Proposal 2: For RedCap UEs in FR1, the UE bandwidth larger than 20MHz is not supported.

With the RedCap UEs with UE bandwidth reduction features, an issue has been raised on the case where the frequency span of the FDMed ROs for PRACH transmission exceeds the RedCap max UE bandwidth. Whether the case is allowed by gNB configuration and how to deal with the case if allowed need to be studied. The case can happen, for example, if the RedCap UEs with 20 MHz max UE bandwidth in FR1 is configured with 8-FDMed ROs for the preamble formats with 30 kHz subcarrier spacing or for the preamble format 3 with 5 kHz subcarrier spacing. 
A few alternatives as solutions for this issue can be considered. The first one is to apply restrictions on the RO configurations for the RedCap UEs. For example, RedCap UEs are not expected to be configured with 8-FDMed ROs exceeding the UE bandwidth and it is up to gNB to guarantee it. If ROs with this frequency domain restriction are deemed insufficient, then the PRACH configuration index with more occasions in time domain can be selected. Secondly, gNB can configure the number N of SSB indexes associated with one RO to be larger than one. Then, according to the existing mapping rule between ROs and SSBs (as specified in clause 8.1 of TS38.213), all the 8 SSBs in FR1 can be mapped to 4 or fewer ROs within the initial UL BWP of RedCap UEs. Thus, the RedCap UEs can transmit PRACH toward the direction of the best SSB.
Observation 4: 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.

Alternatively, gNB can configure multiple (e.g., 2) initial UL BWPs for RedCap UEs encompassing the 8 FDM ROs and let the RedCap UEs select the initial UL BWP corresponding to the RO associated with the best SSB. For example, gNB configures 2 initial UL BWPs for RedCap UEs spanning 40(20+20) MHz in total to which the 8 FDM ROs belong. If the RO associated with best SSB belong to the first/second initial UL BWP, then the first/second initial UL BWP becomes the initial UL BWP for the RedCap UEs to use for initial access. Another option is to allow the ROs to be configured outside the initial UL BWP and the RedCap UE tune its frequency to the RO that is associated with the best SSB. Our understanding is that this can be supported without or with very minor changes. 
Proposal 3: Study solutions on how to transmit PRACH in the case where the frequency span of the FDMed ROs exceeds the RedCap UE max bandwidth including whether to allow the case.

With the reduced UE bandwidth, RedCap UEs may not support the bandwidth of the initial DL BWP (CORESET#0 bandwidth during initial access) configured for normal UEs. If this case is allowed, then how the RedCap UEs with the UE bandwidth smaller than the CORESET#0 bandwidth can receive the SIB1 and the DCI scheduling the SIB1 needs to be studied. If the gNB wants to schedule the SIB1 within the RedCap UE bandwidth, then how the gNB knows which part of the CORESET#0 bandwidth the RedCap UEs is expecting for SIB1 transmission needs to be studied. We also can consider configuring a separate initial DL BWP for initial access of RedCap UEs. 
Observation 5: RedCap UEs may not support the bandwidth of the initial DL BWP configured for normal UEs.
Proposal 4: Study possibility of using a separate DL BWP for SIB transmissions towards RedCap UEs.

[bookmark: _GoBack]RedCap UEs may not always support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration. Unless all gNBs supporting RedCap UEs are restricted to configure only the bandwidth of the initial UL BWP supported by RedCap UEs, it seems desirable to study possibility of using a separate UL BWP for initial access of RedCap UEs.
Observation 6: RedCap UEs may not support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration.
Proposal 5: Study possibility of using a separate UL BWP for initial access of RedCap UEs (as well as common UL BWP shared with normal UEs).

2.3. Half-Duplex-FDD
It was agreed in RAN1#101-e meeting that both Half-Duplex-FDD (HD-FDD) operation Type A and Type B are studied with the priority on the Type A.
	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 7: Supporting Half-Duplex FDD operation is beneficial for most use cases of RedCap UEs.

2.4. Relaxed UE processing time
In RAN1#101-e and RAN1#102-e meetings, following agreements were made for UE processing time relaxation.
	Agreements: (RAN1#101-e)
· 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.
Agreements: (RAN1#102-e)
· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,
· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS


Depending on the evaluation results on the relaxed processing time, we need to further consider whether there is an issue during initial access procedures as gNB is agnostic about the UE capability until the RedCap UEs enters into the RRC_CONNECTED. 
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 as shown in the examples below: 
· 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)
If the relaxed UE processing time for RedCap UEs is introduced for complexity/cost reasons, and if the RedCap UEs cannot meet the existing timeline for the legacy random access procedures for initial access, then there may be specification impact. If there is coexistence issue with legacy NR UEs, then configuring a separate initial UL BWP RedCap UEs can be considered. The separate initial UL BWP may also be motivated for other reasons such as the need for repetitions for coverage recovery, reduced UE bandwidth, etc. To differentiate the RedCap UEs from the normal UEs, separate RACH resources to RedCap UEs and normal UEs can also be considered. 
Proposal 6: In order to support relaxed UE processing time for RedCap UEs during initial access, discuss whether a separate initial UL BWP or distinction via PRACH preambles (or subsequent messages) are required.

3. Conclusion
In this contribution, we presented our views on the potential UE complexity reduction features for RedCap UEs.
Observation 1: With the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 2 for FR1, it is observed that all the peak bit rate requirements for the three use cases in the SID can be met even with the potential MCS reduction to 64QAM for DL.
Observation 2: With the baseline UE bandwidth capability of 20MHz and with the maximum number of DL MIMO layers = 1 for FR1, the supported max data rate is 113 Mbps without MCS reduction for DL.
Observation 3: The peak bit rates in the SID are for the uses cases that are considered for this RedCap SI, not for the RedCap UEs and can be compromised at the end of the study based on the study results.
Observation 4: 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 5: RedCap UEs may not support the bandwidth of the initial DL BWP configured for normal UEs.
Observation 6: RedCap UEs may not support the bandwidth of the initial UL BWP configured for normal UEs in SIB1 depending on REL-15 cell configuration.
Observation 7: Supporting Half-Duplex FDD operation is beneficial for most use cases of RedCap UEs.

Proposal 1: Considering the form factor limitations of low-end wearables and the wireless sensors, the antenna configuration of 1Rx/1Tx needs to be supported.
Proposal 2: For RedCap UEs in FR1, the UE bandwidth larger than 20MHz is not supported.
Proposal 3: Study solutions on how to transmit PRACH in the case where the frequency span of the FDMed ROs exceeds the RedCap UE max bandwidth including whether to allow the case.
Proposal 4: Study possibility of using a separate DL BWP for SIB transmissions towards RedCap UEs.
Proposal 5: Study possibility of using a separate UL BWP for initial access of RedCap UEs (as well as common UL BWP shared with normal UEs).
Proposal 6: In order to support relaxed UE processing time for RedCap UEs during initial access, discuss whether a separate initial UL BWP or distinction via PRACH preambles (or subsequent messages) is required.
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