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1. [bookmark: _Ref5850594]Introduction
[bookmark: _Hlk37413676][bookmark: _Hlk37413294]In this contribution, we share our views on UE features for NR Rel-17 UE Power Saving. 
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2. Discussion on Power Saving UE Features for NR Rel-17 
In RAN1 #108-e, the following agreements were made for Rel-17 power saving UE features. In this section, we will discuss the remaining issues and provide our proposals.

Agreement
· FG 29-2 is updated as follows
	29. NR_UE_pow_sav_enh
	29-2
	TRS resources for idle/inactive UEs
	TRS occassions for idle/inactive UEs 
1. Support reading TRS configuration from SIB
2. Support receiving L1 indication for TRS availability
	FFS
	N
	
	Lose of power saving gain on AGC, time/frequency tracking in idle/inactive mode
UE cannot receive TRS resources for idle/inactive mode
	Per UE N/A
	N/A
	N/A
	N/A
	Receiving L1 indication via DCI format 2_7 is supported only if the UE supports receiving DCI format 2_7
	Optional without capability signalling



Agreement
· The type of FG 29-1 is per band

Agreement
· The type of FGs 29-3a to 29-3d is per band

Agreement
FG 29-1 is updated as follows
	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement
	1. Support receiving paging early indication in DCI format 2_7
2. Support receiving UE subgroup indication in DCI format 2_7
[3. For type 2A CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, 2 or 2A CSS configurations within a single span of three consecutive OFDM symbols within a slot]
	 
	Yes
	 
	UE does not support paging enhancement
	Per band
	N/A
	N/A
	N/A
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional with capability signalling


 
Agreement
· Revise component of 29-3a as: Support of up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured
· Revise component of FG 29-3b as: Support of 1-bit indication of SSSG switching between 2 SSSGs by scheduling DCI, and timer based SSSG switching, without PDCCH skipping if PDCCHSkippingDurationList is not configured
· Revise component of FG 29-3c as: Support of 2-bit indication of SSSG switching among 3 SSSGs by scheduling DCI and timer based SSSG switching, without PDCCH skipping if PDCCHSkippingDurationList is not configured
· Revise component of FG 29-3d as: Support of 2-bit indication of SSSG switching between 2 SSSGs, with PDCCH skipping by scheduling DCI, and timer based SSSG switching


2.1. Idle and Inactive Mode
2.1.1. Paging Enhancements
For FG 29-1, the third component of the feature remains FFS. Consider the functional similarity between PEI PDCCH and paging PDCCH, it is reasonable to assume that the set of symbols for PEI PDCH monitoring follows that for paging PDCCH monitoring in a slot. The current component 3 text is a modified version of the Rel-15 basic PDCCH monitoring FG 3-1 with an intent to treat Type 2A CSS in the same way as Type 2 CSS [1].

	3. DL control channel and procedure
	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration
2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16
- UP to 3 search space sets in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules.
- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	
	n/a
	n/a
	n/a
	n/a
	
	Mandatory without capability signalling



In RAN1 #108-e, a new UE feature FG [22-x] was agreed as an optional feature with capability signaling for PDCCH monitoring. This FG relaxes the UE PDCCH monitoring capability required by FG 3-1 by allowing UE to only monitor PDCCH in the first four OFDM symbols in a slot. With the FG [22-x], the UE is not always required to monitor Type 2 CSS PDCCHs in a single span of any three consecutive OFDM symbols within the entire slot. Based on this, the current FFS of component 3 of FG 29-1 should take the FG [22-x] into account and does not require the UE to monitor the PEI PDCCH in Type 2A CSS in the entire slot. It is still reasonable to assume the set of symbols where PEI PDCCH is monitored in Type 2A CSS is the same as the set of symbols where paging PDCCH is monitored in Type 2 CSS.

	22. NR Others
	[22-x]
	PDCCH monitoring with a single span of three contiguous OFDM symbols that is within the first four OFDM symbols in a slot
	Indicates whether the UE supports receiving PDCCH in a search space configured to be monitored within a single span of any three contiguous OFDM symbols that are within the first four OFDM symbols in a slot with the capability of supporting at least 44 blind decodes in a slot for 15 kHz subcarrier spacing.
	 
	Yes
	N/A
	 
	Per UE
	No
	FR1 only
	No
	 
	Optional with capability signalling



[bookmark: o1]Observation 1: A UE that supports FG [22-x] is not required to monitor paging PDCCH in Type 2 CSS within a single span of any three consecutive OFDM symbols within a slot.
FG 29-1 is about UE capability on paging enhancements. It should be only relevant to PEI PDCCH monitoring in Type 2A CSS and paging PDCCH monitoring in Type 2 CSS. It is unclear why PDCCH monitoring in Type 0, 0A and 1 CSSs is relevant. The text for Type 0, 0A and 1 CSSs should be removed from component 3 of FG 29-1.

[bookmark: o2]Observation 2: PDCCH monitoring in Type 0, 0A or 1 CSS is irrelevant to the paging enhancement feature FG 29-1. Hence, text related to Type 0, 0A or 1 CSS should be removed from the component 3 of FG 29-1.

[bookmark: p1]Proposal 1: For FG 29-1, the following update is proposed for component 3:
· Symbols where UE monitors PEI PDCCH for Type 2A CSS follow symbols where UE monitors paging PDCCH for Type 2 CSS.
· Adopt the following text for component 3 for FG 29-1
	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement
	1. Support receiving paging early indication in DCI format 2_7
2. Support receiving UE subgroup indication in DCI format 2_7
[3. For type 2A CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, 2 or 2A CSS configurations within a single span of three consecutive OFDM symbols within a slot The set of OFDM symbols within a slot where UE can monitor the PEI PDCCH in Type 2A CSS is the same as the set of OFDM symbols within a slot where UE can monitor the paging PDCCH in Type 2 CSS]
	 
	Yes
	 
	UE does not support paging enhancement
	Per band
	N/A
	N/A
	N/A
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional with capability signalling



2.1.2. TRS for Idle and Inactive Mode
In the RAN1 #108-e meeting, a conclusion was made as follows to allow the UE to choose whether UE receives both PEI and associated paging PDCCH for TRS availability information. This works because the TRS availability indication only provides “availability” information but not the “unavailability” information. The available TRS becomes unavailable only when the corresponding validity duration expires. Then not receiving all the availability indication will not cause any catastrophic issue to UE tracking loops. Based on this conclusion, there is no need to explicitly require in FG 29-2 whether UE supports TRS availability information in paging PDCCH, PEI or both. It is also clear that if UE supports PEI based TRS availability indication, it must support the receiving PEI PDCCH. Based on these, the current FG 29-2 can be confirmed.

	Conclusion
A UE can receive different TRS availability indication content from PEI and associated paging PDCCH.
· Note: It is up to UE implementation whether UE receives both PEI and the associated paging PDCCH to receive TRS availability indication



[bookmark: p2]Proposal 2: Confirm the FFS parts in FG 29-2.


3. Conclusion

In this paper, we made the following observations and proposals for Rel-17 power saving enhancements. 

Observation 1: A UE that supports FG [22-x] is not required to monitor paging PDCCH in Type 2 CSS within a single span of any three consecutive OFDM symbols within a slot.
Observation 2: PDCCH monitoring in Type 0, 0A or 1 CSS is irrelevant to the paging enhancement feature FG 29-1. Hence, text related to Type 0, 0A or 1 CSS should be removed from the component 3 of FG 29-1.

Proposal 1: For FG 29-1, the following update is proposed for component 3:
· Symbols where UE monitors PEI PDCCH for Type 2A CSS follow symbols where UE monitors paging PDCCH for Type 2 CSS.
· Adopt the following text for component 3 for FG 29-1
	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement
	1. Support receiving paging early indication in DCI format 2_7
2. Support receiving UE subgroup indication in DCI format 2_7
[3. For type 2A CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, 2 or 2A CSS configurations within a single span of three consecutive OFDM symbols within a slot The set of OFDM symbols within a slot where UE can monitor the PEI PDCCH in Type 2A CSS is the same as the set of OFDM symbols within a slot where UE can monitor the paging PDCCH in Type 2 CSS]
	 
	Yes
	 
	UE does not support paging enhancement
	Per band
	N/A
	N/A
	N/A
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional with capability signalling



Proposal 2: Confirm the FFS parts in FG 29-2.
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