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1. Introduction
The study item for reduced capability NR devices was approved in RAN#86 and revised in RAN#88e [1], and the following objectives were identified in relation to 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]



This contribution discusses and analyses issues and potential enhancements for reduced PDCCH monitoring,
2. Evaluation Methodology and Results for BD Reduction
In this section, we evaluated the PDCCH blocking rate and power saving gains for reduced BD limits. Furthermore, we also evaluated the proposed relaxed PDCCH processing in the same context. The assumptions for the simulations are summarized in the following table:
	SCS/BW
	FR1: 20 MHz and 30 kHz
FR2: 100 MHz and 120 kHz

	AL distributions
	[0.5, 0.4, 0.05, 0.03, 0.02] good coverage
[0.1, 0.2, 0.4, 0.2, 0.1] medium coverage

	Delay Toleration
	1 slot

	CORESET duration
	2 symbols

	BD limits
	25%, 50%, 75%, 100%

	Number of users
	1-10



Furthermore, we assumed that each UE is configured only with a single AL and processes the maximum number of PDCCH candidates limited either by the total CORESET size, BD limit or CCE limit. In case some have to be omitted by the scheduler due to resource shortage we assume equal probability for all UEs for being scheduled 
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	[bookmark: _Ref53134138]Figure 1: PDCCH blocking rates for UEs in good coverage.
	[bookmark: _Ref53134143]Figure 2: PDCCH blocking rates for UEs in medium coverage.



Figure 1 and Figure 2 show the PDCCH blocking rates for UEs in good and medium coverage, respectively. As obvious decreasing the BD limits impacts the PDCCH blocking rates, especially for the scenario with UEs in good coverage. In the medium coverage scenario, the impact is negligible for the minor reductions. However, for the 25% reduction case a significant increase of the blocking rate is observable. Where in the good coverage scenario any reduction of the BD limits has a severe impact on the PDCCH blocking rate.

[bookmark: _Toc53477104]Reducing the BD limits increases the PDCCH blocking rate significantly.
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	[bookmark: _Ref53146279]Figure 3: Power saving vs. number of blind decoding attempts compared to FR1 baseline with 30 kHz SCS.

	[bookmark: _Ref53146281]Figure 4: Power saving vs. number of blind decoding attempts compared to FR2 baseline with 120 kHz SCS.



As shown in Figure 3 and Figure 4, reducing the BD effort of the UE offers a power saving gain. However, due to the increased PDCCH blocking rate a reasonable trade-off has to be found.
[bookmark: _Toc53477105]Reducing the BD effort of a UE achieves a proportional power saving gain. 
Conclusion: While reducing the BD effort provides a power gain, on the other hand the PDCCH blocking probability is increased significantly.

3. Relaxed PDCCH processing time
In this section, we describe an approach that offers the possibility to take that power saving gain without sacrificing PDCCH blocking. The power saving that is considered in the previous section mainly comes from the reduced number of BDs that are performed per slot. However, as stated previously this comes at the cost of increased PDCCH blocking rates. Thus, to overcome this limitation the number of effective BDs per slot can be decreased while maintaining the number of total BDs per PDCCH monitoring occasion by increasing the span gap to a multiple of a slot. This would automatically increase the time separation between PDCCH monitoring occasions. By adapting the minimum scheduling offset accordingly, the UE is granted more time to perform the required number of BDs thus reducing the effective number of BDs per slot. This way the PDCCH blocking rate can be kept at the same level compared to the baseline of full BD while benefiting from the power savings of a reduced BD effort.


Furthermore, the network could adapt the span gap and the minimum scheduling offset to fit the current needs. The number of BDs per slot can be scaled accordingly, such that the effective number of BDs per slot stays the same.


[bookmark: _Toc53754012]Span gaps of multiples of a slot should be supported to reduce the BD burden of RedCap UEs per slot. Furthermore, the minimum scheduling constraint shall be adapted accordingly.

4. Compact DCI for RedCap
In order to reduce the computational effort of the UE during BD of PDCCH, compact DCIs may be introduced. At the same time a smaller control payload would allow a smaller AL to be used and hence also reduce the PDCCH blocking rate compared to the scenario discussed in the previous sections. Furthermore, RedCap UEs are not expected to support many features or some features in a limited manner, such that the corresponding fields could be removed from the DCI. Depending on the use case, some parameters, e.g. MCS, could be configured semi-statically since they are not required to be changed as frequent. The same techniques could also be reused for coverage recovery.
[bookmark: _Toc53754013]Study compact DCI techniques for power saving.

5. Conclusions
The following observations and proposals have been made in this document:
Observation 1:	Reducing the BD limits increases the PDCCH blocking rate significantly.
Observation 2:	Reducing the BD effort of a UE achieves a proportional power saving gain.

Conclusion: 		While reducing the BD effort provides a power gain, on the other hand the PDCCH blocking probability is increased significantly.
Proposal 1:	Span gaps of multiples of a slot should be supported to reduce the BD burden of RedCap UEs per slot. Furthermore, the minimum scheduling constraint shall be adapted accordingly.
Proposal 2:	Study compact DCI techniques for power saving.

6. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
[bookmark: _Ref494465620][bookmark: _Ref527624780][1] RP-201386, “Revised SID on Study on support of reduced capability NR devices”, Ericsson, 3GPP RAN#88e, June - July 2020.
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