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1 Introduction
In RAN #86, New SID on support of reduced capability NR devices (RP-193238) was approved. The requirements and target use cases are listed below:

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 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).

The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.

The study item includes the following RAN1 related 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].

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 document, we provide our views on PDCCH monitoring with potential reduction of blind decoding and CCE limits at reduced capability UEs.  
2 Discussion
DCI formats specified for Rel-16 NR UEs are listed in Table 7.3.1-1 of TS 38.212 (V16.1.0), shown below. 
Table 7.3.1-1: DCI formats
	DCI format
	Usage

	0_0
	Scheduling of PUSCH in one cell

	0_1
	Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

	0_2
	Scheduling of PUSCH in one cell

	1_0
	Scheduling of PDSCH in one cell

	1_1
	Scheduling of PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

	1_2
	Scheduling of PDSCH in one cell

	2_0
	Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching

	2_1
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE

	2_2
	Transmission of TPC commands for PUCCH and PUSCH

	2_3
	Transmission of a group of TPC commands for SRS transmissions by one or more UEs

	2_4
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE

	2_5
	Notifying the availability of soft resources as defined in Clause [x.x] of [10, TS 38.473]

	2_6
	Notifying the power saving information outside DRX Active Time for one or more UEs

	3_0
	Scheduling of NR sidelink in one cell

	3_1
	Scheduling of LTE sidelink in one cell


In Rel-15/16 NR, according to Sub-clause 7.3.1.0 of TS38.212 for DCI size alignment, it is expected that 

· DCI Formats 0_0 and 1_0 have the same size. 

· DCI Format 0_1 in a UE-specific search space (USS) has at least one-bit size difference than DCI Formats 0_0 and 1_0 in another USS. 

· DCI Format 1_1 in a USS has at least one-bit size difference than DCI Formats 0_0 and 1_0 in another USS. 

· DCI Format 0_2 in a USS has at least one-bit size difference than DCI Formats 0_0 and 1_0 in another USS. 

· DCI Format 1_2 in a USS has at least one-bit size difference than DCI Formats 0_0 and 1_0 in another USS. 

In order to satisfy the following conditions, 

· the total number of different DCI sizes configured to monitor is no more than 4 for the cell; and

· the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell;
a UE may further align the DCI sizes in the following order:

1. Align the size of DCI formats 0_0/1_0 in a USS with the size of DCI formats 0_0/1_0 in a CSS

2. Align the sizes of DCI Format 0_2 and DCI Format 1_2   

3. Align the sizes of DCI Format 0_1 and DCI Format 1_1   
If the number of different DCI sizes configured to monitor is not more than 4 for the cell and if the number of different DCI sizes with C-RNTI configured to monitor is not more than 3 for the cell, the UE does not have to align the sizes of DCI formats 0_2 and 1_2 and the sizes of DCI formats 0_1 and 1_1. That is, the UE may have to monitor UL and DL DCI formats with different sizes in a given USS. 
For the case mentioned above, adaptation of UL DCI monitoring may be beneficial for reduction of PDCCH blind decoding. For example, the UE performs UL DCI monitoring, only if a certain condition is met, e.g., when there is UL data for UE to send. 

Observation 1: UL and DL DCI formats (e.g. DCI format 0_1, 0_2, 1_1, 1_2) in a UE-specific search space may be of different sizes.   
Proposal 1: Study adaptation of UL DCI monitoring in a USS, where UL and DL DCI formats have different sizes. 
The PDCCH blind decoding effort could be reduced by configuring a smaller number of search space sets. From this, it is expected that the number of DCI format sizes to be detected by the UE, which is up to 4 as specified in [2], could be reduced, such that the PDCCH blind decoding effort is further relaxed. However, at least one search space set with fallback DCIs needs to be configured to UEs in order to support e.g., data scheduling in uncertainty phase when UE performs RRC reconfiguration. On the other hand, it is known that the fallback DCIs are not quite efficient in supporting large data packet scheduling. These lead to the needs to study the adaptation of search space sets with different DCI formats. 

Proposal 2: Study the adaptation of search space sets with different DCI formats.  
3 Conclusion
In summary, we have the following observation and proposals for PDCCH monitoring at reduced-capability NR UEs:

· Observation 1: UL and DL DCI formats (e.g. DCI format 0_1, 0_2, 1_1, 1_2) in a UE-specific search space may be of different sizes.   

· Proposal 1: Study adaptation of UL DCI monitoring in a USS, where UL and DL DCI formats have different sizes. 

· Proposal 2: Study the adaptation of search space sets with different DCI formats.  
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