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Introduction
During RAN#88e meeting, RAN WG agreed with an updated SID [1], “Study on support of reduced capability NR devices” with the following updated 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).

During RAN1#101-e meeting, RAN1 made the following agreements regarding study of power saving techniques for reduced capability UEs:
Agreements:
· For safety related sensors, latency requirements apply to traffic initiated from RRC_CONNECTED.
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.
· Reuse the power consumption models and scaling factors for FR1 and FR2 provided in TR 38.840 (sections 8.1.1, 8.1.2, 8.1.3) as appropriate.
· Study the impact of BD and CCE limits reduction on power saving and PDCCH blocking probability (quantitatively) and impacts on latency and scheduling flexibility (at least qualitatively).

Agreements 
For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.

Agreements 
For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity 100 ms should be considered (other values are encouraged).

Agreements: 
The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas: 
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation: 
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB
Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.

In this document, we provide our views on PDCCH monitoring with potential reduction of blind decoding and CCE limits at reduced capability UEs.  
Consideration for reduced BD and CCE limits
In TS 38.213, the maximum number of monitored non-overlapping CCEs per slot and the maximum number of blind decoding attempts have been defined for each subcarrier spacing. These numbers offer a good compromise between scheduling flexibility and device complexity. In other words, increasing these values might increase power consumption and device complexity and decreasing them might increase the PDCCH blocking probability. On the other hand, in the case of RedCap devices, requirements on latency are quite relaxed compared to legacy devices. Latency tolerance can be exploited to reduce BD and CCE limits by evaluating the blocking probability over several slots instead of one slot.
Observation 1: RedCap latency tolerance can be exploited to further relax BD and CCE limits. This can be done without impacting the scheduling flexibility.
Proposal 1: For each use case, identify the appropriate combination of (latency, reduced BD and CCE limits, X), where X is the number of slots on which the PDCCH blocking probability have to be evaluated.
PDCCH monitoring reduction mechanism
According to TS 38.213, a UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. For example, the UE may be configured with 1 size for fallback DCI formats, 1 size for DL scheduling assignment, 1 size for UL scheduling grant, and 1 size for slot format indication. The UE counts the number of sizes for DCI formats per serving cell based on the number of configured PDCCH candidates in respective search space sets for a corresponding active DL BWP. 
DCI formats specified for Rel-16 NR UEs are listed in Table 7.3.1-1 of TS 38.212, 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



Search space adaptation
The PDCCH blind decoding effort could be reduced by configuring a smaller number of search space sets per bandwidth part (note that in Rel-15/16 NR, the maximum number of configured search space sets per BWP is 10). From this, it is expected that the number of DCI format sizes to be detected by the UE, which is up to 4, 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. This leads to the need to study the adaptation of search space sets with different DCI formats. For example, in order to support basic communication functionalities, several search space sets, e.g. common search space sets for SIB1 and RACH, should be configured. Once RRC connection is established, these search spaces could be deactivated and other search spaces such as those supporting pre-emption, slot format indication (SFI), or group TPC can be activated instead.
Proposal 2: Study the adaptation of search space sets with different DCI formats.  
Proposal 3: Consider reducing the DCI size budget of “3+1” for NR reduced capability devices.
In addition, it could be considered to reduce the PDCCH monitoring through a unified framework of search space set adaption, which is similar with the search space set grouping for NR-U. In general, a search space set is configured but deactivated, and it is activated when a DCI is detected from another search space set. As an alternative, the activation/deactivation of the search space set is based on a configured timer and/or a MAC CE. Specifically, a DCI in one search space set with one set of configurations of e.g., long PDCCH monitoring periodicity, less AL/candidates, fallback DCIs can activate another search space set with another set of configurations of e.g., short PDCCH monitoring periodicity more AL/candidates, non-fallback DCIs. The triggering of activation/deactivation of a search space set could be based on traffic status. 
Proposal 4: Study PDCCH monitoring reduction through dynamic adaptation of search space sets with different configurations in term of e.g., monitoring periodicity, number of AL/candidates, DCI formats. 
PDCCH monitoring could be further reduced by search space set adaptation on a per-slot basis. Generally, a DCI in one search space set could indicate activation of the detection of another search space set in the same slot. The number of blind decoding is reduced with potentially less candidates in each search space set, and when the DCI deactivates the detection of a search space set. 
Proposal 5: Study PDCCH monitoring reduction through search space set adaptation on a per-slot basis.  
DCI sizes and adaptation of UL DCI monitoring
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 DCI size limitations, 
· 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   
Further, for DCI formats 2_x, 
· The size of DCI format 2_0 is configurable by higher layers up to 128 bits.
· The size of DCI format 2_1 is configurable by higher layers up to 126 bits.
· The number of information bits in format 2_2 shall be equal to or less than the payload size of format 1_0 monitored in common search space in the same serving cell. If the number of information bits in format 2_2 is less than the payload size of format 1_0 monitored in common search space in the same serving cell, zeros shall be appended to format 2_2 until the payload size equals that of format 1_0 monitored in common search space in the same serving cell.
· The number of information bits in format 2_3 shall be equal to or less than the payload size of format 1_0 monitored in common search space in the same serving cell. If the number of information bits in format 2_3 is less than the payload size of format 1_0 monitored in common search space in the same serving cell, zeros shall be appended to format 2_3 until the payload size equals that of format 1_0 monitored in common search space in the same serving cell.
· The size of DCI format 2_4 is configurable by higher layers parameter dci-PayloadSize-forCI up to 126 bits.
· The size of DCI format 2_5 with CRC scrambled by AI-RNTI is configurable by higher layers up to [128] bits.
· The size of DCI format 2_6 is indicated by the higher layer parameter SizeDCI_2-6.
Under the Rel-15/16 NR DCI size budget, 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 2: 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 6: Support adaptation of UL DCI monitoring in a USS, where UL and DL DCI formats have different sizes. 
Conclusion
In summary, we have the following observation and proposals for PDCCH monitoring at reduced-capability NR UEs:
· Observation 1: RedCap latency tolerance can be exploited to further relax BD and CCE limits. This can be done without impacting the scheduling flexibility.
· Proposal 1: For each use case, identify the appropriate combination of (latency, reduced BD and CCE limits, X), where X is the number of slots on which the PDCCH blocking probability have to be evaluated.
· Proposal 2: Study the adaptation of search space sets with different DCI formats.  
· Proposal 3: Consider reducing the DCI size budget of “3+1” for NR reduced capability devices.
· Proposal 4: Study PDCCH monitoring reduction through dynamic adaptation of search space sets with different configurations in term of e.g., monitoring periodicity, number of AL/candidates, DCI formats. 
· [bookmark: _GoBack]Proposal 5: Study PDCCH monitoring reduction through search space set adaptation on a per-slot basis.  
· Observation 2: 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 6: Support adaptation of UL DCI monitoring in a USS, where UL and DL DCI formats have different sizes. 
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