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1. Introduction

During RAN plenary meeting 86, a new study item [1] on support of reduced capability NR devices has been approved with the following objectives:
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 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.

Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]

· RRM relaxation for stationary devices [RAN2]

Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:

· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].

Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].

Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.

Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured

Note4: This SI should focus on SA mode and single connectivity

It has been identified the 3 most important use cases for RedCap UEs are industrial wireless sensors, video surveillance and wearables. Lowering the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16 is beneficial to popularize the application of RedCap UE for these use cases. 
In this contribution, we discuss the potential complexity reduction techniques for RedCap UEs.     
2. Discussion
2.1. UE complexity reduction techniques

Reduced number of UE RX/TX antennas
As studied in Rel-12 MTC [2], there is about 20%~30% BOM cost reduction when reducing the number of Rx antennas from 2 to 1. The cost reduction comes from both RF aspects e.g., RF filters, transceivers and baseband processing functional blocks e.g., ADC/DAC, FFT, data buffering and channel estimation.  

In addition, as studied in Rel-16 NR UE power saving [3], less number of RF chains also brings in significant UE’s power saving. At lease for wearables and industrial wireless sensors, UE’s power saving is important to prolong the UE’s battery life and overcome the negative impact of small battery capacity due to small BOM size.     
According to the current RAN4 specification [4], NR UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. Therefore, NR UE needs to support at least 4 RF chains when operating in bands n7, n38, n41, n77, n78, n79 and support at least 2 RF chains in bands except for the bands n7, n38, n41, n77, n78, n79.
Therefore, as discussed above, for RedCap UEs operating in bands except for the bands n7, n38, n41, n77, n78, n79, the number of the Rx antennas can be reduced from 2 to 1. For RedCap UEs operating in bands n7, n38, n41, n77, n78, n79, the number of the Rx antennas can be reduced from 4 to 1. Whether 2Rx are necessary for these operating bands can be further studied. For the number of Tx antennas, since Redcap UE mainly works for low and medium data rate use case, 1 Tx antenna to support single layer data transmission seems to be sufficient.   

Proposal 1: Redcap UE supports 1 RX/TX antenna. When operating in bands n7, n38, n41, n77, n78, n79, FFS whether 2Rx are necessary. 

UE Bandwidth reduction 
For normal NR UEs operating in FR1, all the bandwidths listed in Table 5.3.5-1 in [4] for each band shall be mandatory with a single CC unless indicated optional. For example, when UE operates in band n77, band n78 and band n79, the UE needs to support a bandwidth of 100MHz. For FR2, the set of mandatory CBW is 50, 100, 200 MHz.
Reducing UE’s supported channel bandwidth is also expected to reduce UE’s cost and complexity. The complexity of the baseband processing components such as ADC/DAC, FFT, Post-FFT data buffering, channel decoding, HARQ buffer etc. would be decreased as the UE’s bandwidth is reduced. In addition, the cost of RF components would also be reduced if the supported bandwidth decreases from e.g., 100MHz to a small bandwidth e.g., 20MHz. Furthermore, as studied in Rel-16 NR UE power saving [3], small working bandwidth is also beneficial for UE’s power saving.
Therefore, bandwidth reduction would be an important candidate technique to reduce RedCAP UE’s cost and complexity. Then we need to consider the target bandwidth the RedCap UE shall support. In our view, at least the following aspects shall be considered when determining RedCap UE’s bandwidth.
1) Fulfill the requirements of identified use cases
Use case specific requirements are specified in the SID [1] as in below:
· 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 TS 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 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

From the perspective of fulfilling the data rate requirements for the above use cases, small bandwidths such as 5MHz or 10MHz would be enough for Industrial wireless sensors and Video Surveillance while 20MHz or larger are needed for Wearables.
2) Minimize the specification impact
It is noted that in the SID [1] that Rel-15 SSB bandwidth should be reused and L1 changes minimized. SSB has 20 consecutive PRBs in the frequency domain. In FR1, the subcarrier of SSB is 15KHz or 30KHz while it is 120KHz or 240KHz in FR2. 
Taking RedCap UEs operating in FR1 as one example, SSB would occupy 7.2MHz when 30KHz subcarrier spacing is used. Therefore, in order to reuse Rel-15 SSB bandwidth, the UE’s bandwidth shall be not smaller than 7.2MHz. Furthermore, the bandwidth and the frequency location of initial downlink BWP for NR UEs are defined by those of the RMSI CORESET which is configured by MIB. One important aspect is what is the bandwidth of the initial downlink BWP for RedCap UEs and whether RedCap UE reuses the same initial downlink BWP for normal NR UEs. There may be  two alternatives:
Alt 1: RedCap UE reuses the same initial downlink BWP for normal NR UEs
With this alternative, it is possible for RedCap UE to share the same RMSI (possibly upgraded with IEs dedicated for RedCap UEs), paging, RAR etc.  It is noted that for normal NR UEs, the initial downlink BWP can be configured as 24, 48, 96 PRBs for 15 KHz subcarrier spacing and 24, 48 PRBs for 30 KHz subcarrier spacing. In order not to sacrifice the gNB flexibility, the RedCap UE shall at least support 96 PRBs for 15 KHz subcarrier spacing and 48 PRBs for 30 KHz subcarrier spacing. Therefore, within this alternative, 20MHz bandwidth is needed.
Alt 2: RedCap UE uses different initial downlink BWP with that for normal NR UEs
If it goes with this alternative, the RedCap UE can have standalone initial downlink BWP and dedicated RMSI, OSI, paging, RAR etc. The bandwidth of RedCap UE would not be restricted by the possible bandwidth of initial downlink BWP for normal NR UEs. It may be enough to have a 24 PRB initial downlink BWP for both 15KHz and 30KHz subcarrier spacing. In that sense, 10MHz bandwidth would be enough.
For the two alternatives, it seems that alternative 1 have the minor specification impact while alternative 2 may have acceptable specification impact. 
3) Facilitate the implementation 
The typical bandwidth values shall be picked up to facilitate UE’s implementation and decrease the manufacturing cost. 5MHz, 10MHz and 20MHz are the typical bandwidth values for 3G WCDMA/HSPDA/LTE industry, and it is easy for the ecosystem to provide the component with such bandwidths.

Proposal 2: the bandwidth of RedCap UE shall consider the following aspects:
· Fulfill the requirement of identified use cases

· Minimize the specification impact
· Facilitate the implementation

Proposal 3: 20MHz shall be supported for FR1.
Proposal 4: Considering the following two alternatives:

Alt 1: RedCap UE reuses the same initial downlink BWP for normal NR UEs

Alt 2: RedCap UE uses different initial downlink BWP with that for normal NR UEs

Another aspect on the Redcap UE’s bandwidth reduction is whether and how the NR BWP framework shall be used. BWP operation is one important NR feature which is designed to facilitate UE’s power saving and flexible resource allocation. In order to minimize the specification impact and let RedCap UE enjoy the benefit of the BWP operation, RedCap UE shall support the NR BWP framework. On the other hand, flexible BWP operation may result in complicated design, e.g., UE may needs to support kinds of RF and baseband components (Filters, ADC/DAC, etc.) to support different bandwidths and subcarrier spacings. In order to reduce the UE’s complexity, it would be beneficial for RedCap UE to support simplified BWP framework. RedCap UE can support less number of BWPs configurations. For example, it is possible to support only one additional BWP besides the initial downlink BWP thus the UE only have to support two BWPs in total. If more BWPs deems necessary, there shall be limited configurations, e.g., only support BWP configured with specific bandwidth such as 5MHz, 10MHz, 20MHz.   

Proposal 5: RedCap UE supports simplified BWP framework.

· Support less maximum BWPs
· Support limited number of BWP configurations
Finally, in order to strive to reduce the UE’s cost and meanwhile fulfill the requirements of the use cases, it can be considered to decouple the UL bandwidth and the DL bandwidth for RedCap UEs. It seems that the uplink traffic would be dominant at least for Industrial wireless sensors and Video Surveillance thus it would be feasible to support a large uplink bandwidth and a small downlink bandwidth. Similarly, RedCap UE can support less number of downlink BWP than uplink BWPs, e.g., it only support the initial downlink BWP while  it can support 2 uplink BWPs.
Proposal 6: Decouple the DL and UL bandwidth for RedCap UE.

· Support small DL bandwidth and large UL bandwidth

· Support less number of DL BWP configurations than that of UL

Half-Duplex-FDD 
For paired spectrum, it is beneficial to support half-duplex FDD to save the cost of the duplexer. But for NR, since most of the bands are unpaired spectrum, whether HD-FDD shall be supported for limited NR FDD bands shall be discussed. One possible motivation of supporting half-duplex FDD may be supporting RedCap in the re-farmed 2G/3G/LTE frequency bands. 
Proposal 7: Further discuss whether half-duplex FDD shall be supported for very limited number of NR FDD bands.

Relaxed UE processing time 
For RedCap UEs, the end-to-end latency is relaxed compared with that of normal NR UEs, therefore it is possible to support relaxed UE processing timeline to reduce UE’s cost and complexity. In addition, as studied in NR UE’s power saving [3], relaxed UE processing timeline also reduces UE’s power by lowering UE’s working voltage and avoiding unnecessary data buffering.

For NR UEs, the k0/K1/k2 values are indicated by the scheduling DCI. NR UE shall support 0 value k0/k1/k2, which means NR UE shall support same-slot PDSCH/PUSCH scheduling and HARQ-ACK feedback.  For RedCap UEs, cross-slot only scheduling (i.e., no support of same-slot scheduling) can be supported in order to relax the UE’s processing time. In addition, different RedCap UEs can support different minimum k0/k1/k2 values. For a same UE, k0/k1/k2 can have different minimum values.  A UE can reported its supported minimum k0/k1/k2 combination to the network.
Proposal 8: RedCap UE supports cross-slot only scheduling.  Different RedCap UEs can support different minimum k0/k1/k2 values combination.

Relaxed UE processing capability 
On top of processing time relaxation, it would be beneficial to further reduce UE’s complexity by relaxing other processing capabilities at the same time. For example, it can be studied to support smaller maximum TBS, HARQ process numbers for RedCap UE while fulfilling the UE case requirements. It can also be studied whether it would be beneficial to support further relaxed BWP switching delay on top of Type 2 BWP switching delay. In our companion contribution [5], relaxed PDCCH monitoring capability is also discussed.

Proposal 9: study to support smaller maximum TBS, HARQ process numbers, further relaxed BWP switching delay etc. for RedCap UEs.
2.2. UE capability for RedCap UEs
As discussed above, there would be possibly multiple UE complexity reduction techniques that could be adopted as a combination. Furthermore, for different use cases, the use case requirements may be different thus the complexity reduction techniques may be different. Therefore, it would be beneficial to support various complexity reduction feature combinations to fulfill different use case requirements. A RedCap UE can report to the network with the UE capability signaling which complexity reduction features it supports.
Furthermore, it shall be studied on when and how the UE shall report to the network its capabilities. Some complexity reduction features such as Rx/Tx antennas reduction, processing time relaxation may have impact on the transmission during the initial access stage and before the dedicated RRC report signalings are available. For these capabilities, it would be necessary to be reported during the initial access procedure.
Proposal 10: support various complexity reduction features combination to fulfill different use case requirements.
Proposal 11: study when and how to report UE’s capabilities.

3. Conclusions
In this contribution, we discussed the potential complexity reduction techniques for RedCap UEs and we have the following proposals:   
Proposal 1: Redcap UE supports 1 RX/TX antenna. When operating in bands n7, n38, n41, n77, n78, n79, FFS whether 2Rx are necessary. 

Proposal 2: the bandwidth of RedCap UE shall consider the following aspects:
· Fulfill the requirement of identified use cases

· Minimize the specification impact

· Facilitate the implementation

Proposal 3: 20MHz shall be supported for FR1.

Proposal 4: Considering the following two alternatives:

Alt 1: RedCap UE reuses the same initial downlink BWP for normal NR UEs

Alt 2: RedCap UE uses different initial downlink BWP with that for normal NR UEs

Proposal 5: RedCap UE supports simplified BWP framework.

· Support less maximum BWPs

· Support limited number of BWP configurations

Proposal 6: Decouple the DL and UL bandwidth for RedCap UE.

· Support small DL bandwidth and large UL bandwidth

· Support less number of DL BWP configurations than that of UL

Proposal 7: Further discuss whether half-duplex FDD shall be supported for very limited number of NR FDD bands.

Proposal 8: RedCap UE supports cross-slot only scheduling.  Different RedCap UEs can support different minimum k0/k1/k2 values combination.

Proposal 9: study to support smaller maximum TBS, HARQ process numbers, further relaxed BWP switching delay etc. for RedCap UEs.

Proposal 10: support various complexity reduction features combination to fulfill different use case requirements.
Proposal 11: study when and how to report UE’s capabilities.
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