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[bookmark: _Ref521334010]Introduction
At RAN#86 meeting, the new SID on support of reduced capability NR devices was approved [1]. In order to satisfy the generic requirements, i.e. device complexity, device size and deployment scenarios, several objectives have been identified. PDCCH monitoring has significant impacts on UE battery life and device complexity, hence the study item includes the following objectives on PDCCH monitoring:
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]
In this contribution, we provide our views on how to reduce PDCCH monitoring.
Discussion
Currently, the search space configuration is very flexible and can achieve any intended number of PDCCH candidates. A search space consists of one or multiple PDCCH candidate(s) which have same or different aggregation level(s). The IE to configure the PDCCH candidates for a search space is shown below. In an extreme case, a search space can only include one PDCCH candidate corresponding to a certain aggregation level. From this perspective, the smaller number of blind decodes and CCE limits can be achieved by the existing configuration.
nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                   OPTIONAL,   -- Cond Setup







In Rel-15, the UE PDCCH monitoring capability defined in terms of maximum number of BD and maximum number of non-overlapped CCEs per slot as in the following tables defined in TS38.213 is mandatory. In Rel-16, the PDCCH monitoring capability is further enhanced in order to satisfy the requirement of high reliability and low latency. Considering the requirements for those services supported by reduced capability NR devices are higher than LPWA (i.e. LTE-M/NB-IOT) but lower than URLCC and eMBB, it is reasonable to introduce a maximum number of PDCCH candidates per slot and maximum number of non-overlapped CCEs per slot for reduced capability NR devices which are smaller than those of Rel-15. Accordingly, the gNB can only configure the search space for reduced capability NR devices subject to the PDCCH monitoring capability defined for reduced capability NR devices. As described in SID, there are different use cases wherein the requirements are divergent. For example, the battery life of industrial wireless sensors should last at least few years while up to 1-2 weeks battery life is sufficient for wearable devices. Accordingly, the requirement on the reduction of PDCCH monitoring may be different. Therefore whether to determine multiple sets of PDCCH candidates and non-overlapped CCE limit targeting for different use cases should be further studied.

Proposal 1: Define a smaller number of PDCCH candidates and non-overlapped CCE limit for reduced capability NR devices than that of Rel-15 NR UEs. FFS whether to introduce use case specific limit.


Table 1: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell [2]
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 2: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell [2]
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



In SID document, the use case specific requirements are identified as follows:[1] 
· 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).
As described above, the required reliability can be as high as 99.99%. In order to achieve the overall reliability, the reliability of PDCCH transmission should at least have a magnitude as 99.999%.  From this point of view, large aggregation level is still necessary. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation1: When define a relaxed limit on the number of non-overlapped CCE for a reduced capability NR device, it may have some impacts on the PDCCH reliability.

It can be observed that the requirement of reliability and latency are quite different. The end to end latency can be relaxed to up to 500 ms. From this perspective, the values of PDCCH monitoring periodicity supported in Rel-15 and Rel-16 should be reconsidered. For example, at least mini-slot periodicity is not necessary. The restriction on smaller PDCCH monitoring periodicity can further reduce the effort on PDCCH monitoring. Furthermore, the subcarrier spacing should also be taken into consideration when determine the periodicity for reduced capability NR devices.
Proposal 2: PDCCH monitoring periodicity for reduced capability NR devices should be restricted on top of that supported in Rel-15 and Rel-16, e.g. more than one PDCCH monitoring occasion within 1 slot is not supported.

As discussed in the aforementioned section, a smaller PDCCH candidate and non-overlapped CCE limit should be introduced for reduced capability NR devices. Furthermore, UE bandwidth reduction is also one of the objectives. However, the number of reduced capability NR devices in the system may be enormous. Hence the PDCCH blocking should be carefully investigated. Another issue is that if a small bandwidth is supported, e.g. 5 MHz, aggregation level 16 is impossible within a CORESET. The PDCCH reliability should be further studied in this case.

Proposal 3: PDCCH blocking and reliability should be further studied for reduced capability NR devices.

Conclusion
This contribution discusses possible PDCCH monitoring reduction solutions and raises some issues related to capability reduction and bandwidth reduction. We have the following observation and proposals:
Observation1: When define a relaxed limit on the number of non-overlapped CCE for a reduced capability NR device, it may have some impacts on the PDCCH reliability.
Proposal 1: Define a smaller number of PDCCH candidates and non-overlapped CCE limit for reduced capability NR devices than that of Rel-15 NR UEs. FFS whether to introduce use case specific limit.
Proposal 2: PDCCH monitoring periodicity for reduced capability NR devices should be restricted on top of that supported in Rel-15 and Rel-16, e.g. more than one PDCCH monitoring occasion within 1 slot is not supported.
Proposal 3: PDCCH blocking and reliability should be further studied for reduced capability NR devices.
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