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1 Introduction
During the RAN#86 meeting, one study item was set to study the support of reduced capability NR devices. The main use cases of the reduced capability devices are industrial wireless sensors, video surveillance and wearables. The following objectives are expected be achieved during the study item
	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




In this contribution, we focus on the discussion on the potential features reduction.  Candidate complexity reduction solutions such as reduced number of UE Rx/Tx antennas, UE bandwidth reduction and HD-FDD are to be discussed one by one. Based on the discussion, our views will be revealed accordingly. 
2 Discussion
2.1 Reduced UE bandwidth 
In release 15 and release 16, all NR UEs are required to support the capability of 100MHz reception/transmission bandwidth in most bands of FR1 and 400MHz transmission/ reception bandwidth in FR2 to satisfy the high data rate requirement. This wide band feature mainly targets to eMBB services such as high quality video, which may require peak data rate up to 1G bps. However, there are many other use scenarios which only requires medium or even low data rate. For example, the typical data rate for wearable devices and industrial sensors is smaller than 100 Mbps and 10 Mbps, respectively. Hence, for devices in these kind of application scenarios, there is little demand for wide UE bandwidth from the perspective of service. Meanwhile, wide UE bandwidth would also result in higher price, which is not cost friendly. Hence, the motivation for the UE bandwidth reduction can be justified from the service and cost aspect. 
Before we determine the value of reduced UE bandwidth, it is better to consider how many choices of UE bandwidth should be set for the reduced capability devices. In the SID [1], 3 typical scenarios are identified for the reduced capability UEs. The requirement on the data rate is quite different. For example, reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL， while the reference bit rate is less than 2 Mbps for industrial sensors.  Considering the difference on the data rate requirement, we consider it is better to define multiple choices of UE bandwidth. For example, we could define two choices of UE bandwidth, one is for high-end redcap UEs such as wearable devices and the other for the low-end redcap UEs such as surveillance video and industrial sensors
Proposal 1: Consider more than one choice of UE bandwidth for reduced capability UEs 

When determining the exact value of reduced UE bandwidth, data rate provided, cost and standardization impact should be taken into consideration. Here, we compare several candidate choices of UE bandwidth from these 3 dimensions as shown in Table 1. 
Table 1 Comparison among candidate UE bandwidth
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10MHz Up to ~40Mbps (64QAM) 10MHZz<20MHz<40MHz ~ No impact on the SSB
Up to ~53Mbups (256QAM) Restricted CORESET#0 configuration and
RMSI scheduling
20MHz Up to ~80Mbps (64 QAM) No impact on the SSB
Up to ~106Mbps (256 QAM) No impact on CORESET#0 configuration and
RMSI scheduling
40MHz Up to ~160Mbps (64QAM) No impact on the SSB
Up to ~212Mbps (256 QAM) No impact on CORESET#0 configuration and

RMSI scheduling




According to the comparison above, the choice of 10MHz requires the least cost, but there are some problems on the CORESET#0 configuration and subsequent RMSI scheduling. In FR1, the CORESET#0 and SSB are multiplexed in pattern 1 and can be configured with 24 PRBs, 48 PRBs and 96 PRBs under different SCS assumption. Generally, the candidate bandwidths of CORESET#0 are around 5MHz, 10MHz and 20MHz. If the UE bandwidth of reduced capability UE is 10MHz, then the configuration of 20MHz for CORESET can’t work, which would impose certain restriction on the CORESET configuration or require some additional design to support the separate CORESET#0 configuration for normal NR UE and reduced capability UE.  Meanwhile, the choice of 10MHz can only provide up to 53 Mbps data rate which can’t satisfy the requirement of wearable devices in some cases. Based on this situation, we propose that at least for wearable devices, the UE bandwidth should be defined no smaller than 20MHz 
Proposal 2: The UE bandwidth of wearable devices should be defined no smaller than 20MHz. 

In the current NR design, the initial BWP can be determined in two ways. The first way is to follow the configuration in RMSI. If there configuration in the RMSI is absent, just follow the frequency configuration of CORESET#0, which is the second way. No matter which way is utilized, once UEs access the same SSB, they would monitor the same initial BWP. When reduced capability devices share the same SSB with normal NR UEs, two possible directions can be considered for the initial BWP configuration. In option 1, normal NR UEs and reduced capability UEs still share the same initial BWP. Considering the UE bandwidth restriction on the reduced capability UEs, certain restriction would be imposed on the initial BWP configuration. Another direction is to support separate initial BWP for normal NR UEs and reduced capability UEs, in this case, flexibility on the initial BWP configuration for the normal NR UE would be maintained. In our option, two directions are not contradictory and they could complement each other. For example, when the initial BWP for the normal NR UEs doesn’t exceed the reception bandwidth of reduced capability UE, then they could share the same initial BWP.  Otherwise, different initial BWP can be set for reduced capability UEs. 
Proposal 3: Separate initial BWP configuration between normal UEs and reduced capability UEs should be supported 
2.2 Reduced Tx/Rx

As it was studied in 36.888 for LTE, it is recommended to use the following RF cost metric for analysis:
· Number of RF chains/antenna ports

· Replacing of  some components by less expensive components
Firstly, as noted in the SID, the study should be focused on the SA mode and single connectivity. Thus, comparing with dual connectivity UE, the cost of RF chains is saved, and then we could consider further reduction on the number of antennas as possible.  The minimum requirement on UEs of previous NR release is 1 Tx antenna and 4 Rx antennas, so the one could be reduced is the number of Rx antennas. For example, the device size of wearables such as smart watches is limited due to physical size of human arm. So it is not the cost but the size limitation that has the demand on 1Rx antenna, which is the same market driven justification of LTE Cat.1bis and Cat.4bis.
However, for Video surveillance, the device size may not be a problem, but the coverage could be an issue because the device may be in the basement. So as we discussed in the standard framework, as in our companion contribution in [3], more than one type should be defined. Accordingly, 1Rx or 2Rx could be specified as the baseline the Redcap UE device types.
The direct impact on the reduction of UE Rx is the DL coverage, in order to avoid the obvious impact on the performance of the network, coverage compensation approaches should be considered in the same time with such UE RX antennas reduction in the study.
According to our simulation in [2] on the DL coverage loss with the reduction to 1Rx is about 7dB，we believe some proper coverage enhancement could compensate the gap. 
Proposal 4: 2Rx and 1Rx should be allowed for the specific type of Redcap UE.
2.3 HD-FDD
HD-FDD operation carries the advantage that UEs may be developed without the need for RF duplexers, and thus the cost and complexity of the device can be reduced.  However, HD-FDD operation sacrifices UE performance on throughput, latency, etc. We do not see the necessity to mandate Redcap UE to support HD-FDD operation. 

Proposal 5: HD-FDD operation can be optionally supported by Redcap UEs in Rel-16
UEs in HD-FDD operation need to switch between DL carrier and UL carrier for reception and transmission. Considering that different UL and DL bandwidth and numerology can be configured, the duration for UE switching from DL to UL and from UL to DL should be defined.  UE is not expected to receive or transmit during the retuning.
Proposal 6: Duration for HD-FDD UE to switch from UL to DL, and from DL to UL should be defined
Finally, UEs in HD-FDD operation cannot transmit and receive simultaneously. If UL and DL collision happens in a HD-FDD UE, the UE behaviour should be clarified. Although gNB scheduling can be helpful to resolve some UL/DL collision, it may not preclude all the collisions. RAN1 should carefully studies the cases of potential collision and define the UE behaviour if the collision can not be fully resolved by gNB scheduling. 
Proposal 7: For HD-FDD operation, UE behaviour when intra-UE UL/DL collision happens should be defined
3 Conclusion
In this contribution, we discuss the potential complexity reduction solutions, based on the discussion, our views are summarized as follows
Proposal 1: Consider more than one choice of UE bandwidth for reduced capability UEs

Proposal 2: The UE bandwidth of wearable devices should be defined no smaller than 20MHz. 
Proposal 3: Separate initial BWP configuration between normal UEs and reduced capability UEs should be supported
Proposal 4: 2Rx and 1Rx should be allowed for the specific type of Redcap UE.
Proposal 5: HD-FDD operation can be optionally supported by Redcap UEs in Rel-16
Proposal 6: Duration for HD-FDD UE to switch from UL to DL, and from DL to UL should be defined
Proposal 7: For HD-FDD operation, UE behaviour when intra-UE UL/DL collision happens should be defined
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