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1. [bookmark: _Toc120549591]Introduction
At RAN1 #97 meeting, the agreement about power saving signal/channel design was approved as the following [1], 
Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset

Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs

Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· The at least one power saving technique(s) includes at least “Cross-slot scheduling”
· FFS: Which existing DCI formats includes the power saving information
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· Use of non-scheduling DCI formats.
· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
· FFS: New DCI format with size aligned with existing DCI format

Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time

Agreements:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

Agreements:
One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time
Beam sweeping
· FFS: Whether the monitoring occasions of the  PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions
· FFS: whether the monitoring occasions are via search space set(s), CORESET(s), a combination thereof, etc.

Agreements:
· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption
· FFS details
· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how

Agreements:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 	
· FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements
Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):
· Indicating UE to use the aperiodic RS
· Aperiodic CSI-RS 
· Aperiodic SRS
TRS
· Triggering aperiodic CSI report
· Cross-slot scheduling
· Rel-15 DCI-based BWP switching
The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).

In this contribution, the PDCCH-based power saving signal/channel design in both outside DRX Active Time and within DRX Active Time will be discussed.
2. Power saving signal/channel design
In this section, design of power saving signal/channel including DCI format, DCI size, DCI content, search space and CORESET for both outside DRX Active Time and within DRX Active Time are discussed.
2.1. Power saving signal/channel design outside DRX Active Time
2.1.1. Detection performance 
In the update WID, one of the function of power saving signal/channel outside Active Time is to “wake up” UE to monitor PDCCH of the drx-onDurationTimer at the reception of power saving signal/channel [2]. That is, if UE receives power saving signal/channel or receives it with specific value, UE should monitor PDCCH when drx-onDurationTimer is running; otherwise, UE should not monitor PDCCH. Therefore, the probability of gNB indicating UE to wake up but UE skipping the PDCCH monitoring in corresponding DRX ON duration should be low enough. 
As the discussion in SI stage, 0.1% miss detection probability should be considered in the design of power saving signal/channel outside Active Time, which means the payload size and aggregation level should be restricted to satisfy 0.1% BLER performance. To evaluate the PDCCH detection performance, two different aggregation levels and three different DCI payload sizes are considered. The LLS parameters is in Table 1 which is based on Table A1.5-1 in TR38.802 that agreed in RAN1 #94bis meeting. Figure 1 and Table 2 are the evaluation results.
Table 1. LLS parameters for power saving signal/channel
	Parameter
	Value

	Carrier Frequency
	4GHz

	Channel Model
	TDL-C 100ns

	Subcarrier Spacing
	30kHz

	Antenna Configuration at the TRP
	(1, 1, 2)

	Antenna Configuration at the UE
	(1, 1, 2)

	UE Speed
	3km/h

	CORESET Bandwidth
	48RB

	DCI length
	6bit,12 bit,24bit

	CRC length
	24bit

	Aggregation level
	8,16

	DMRS channel estimation
	real

	CORESET symbol
	2

	Mapping type
	Interleaved

	REG bundle size
	6

	Interleaver Size
	2
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Figure 1. Detection performance of PDCCH-based power saving signal/channel

Table 2. Required SINR to achieve 0.1% BLER for different DCI sizes and aggregation levels
	PDCCH configuration
	Required SINR

	AL-8, 6bits
	-4 dB

	AL-8, 12bits
	-3.5 dB

	AL-8, 24bits
	-2.4 dB

	AL-16, 6bits
	-6 dB

	AL-16, 12bits
	-5.5 dB

	AL-16, 24bits
	-4.5 dB



The evaluation results show that,
· for AL = 8, the required SINRs for DCI size of 12 and 6 are lower than -3.5dB. 
· for AL=16, the required SINRs for DCI size of 24,12 and 6 are lower than -4.5dB. 

Observation 1: To satisfy the 0.1% miss detection performance of power saving signal/channel outside Active Time, the AL and DCI size can be configured as the following, 
•	for AL = 8, the required SINRs for DCI size of 12 and 6 are lower than -3.5dB. 
•	for AL=16, the required SINRs for DCI size of 24,12 and 6 are lower than -4.5dB.
2.1.2. DCI format
According to the agreement in last RAN1 meeting, a new DCI format and a new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time. That is UE only monitoring the DCI with CRC scrambled by SI-RNTI, P-RNTI, RA-RNTI and new PS-RNTI outside Active Time. The DCI size for SI-RNTI, P-RNTI, RA-RNTI are the same and the DCI size for PS-RNTI can be different from it which is not beyond the DCI size budget. In addition, according to the evaluation results in section 2.1.1, DCI size for power saving signal/channel outside Active Time should not be larger than 12 bits to satisfy miss detection performance. 
In addition, considering the DCI fields for one UE will not be too large, group common DCI format should be supported to reduce the network signalling overhead. gNB can configure UEs with same DRX cycle configuration in one group common DCI. Besides, the number of UEs grouped in one DCI can also be configured by gNB, if only one UE is configured per PDCCH, it will have the same effect as UE specific DCI format. Therefore, the group common DCI format have more flexibility than UE-specific DCI format. 
Proposal 1: New group common DCI format is preferred for power saving signal/channel outside Active Time.
2.1.3. DCI content
1) Triggering monitoring PDCCH or not in DRX ON
Power saving signal/channel outside Active Time is configured for triggering UE to or not to monitor the subsequent ON duration(s) was agreed in last RAN1 meeting. As the discussion in section 2.1.2, a new group common DCI format is preferred for Power saving signal/channel outside Active Time, one bit per UE can be used to indicate “wake up” or not.
2) Triggering aperiodic CSI report before DRX ON
In current DRX operation procedure, UE can only measure and report CSI in DRX Active Time. This restriction causes that gNB cannot acquire efficient CSI timely at the beginning of DRX cycle, which will lead to longer data transmission period and cause more power consumption. In order to make an efficient scheduling at the beginning of DRX cycle, power saving signal/channel outside Active Time can be used to trigger an aperiodic CSI report before DRX ON. 
One bit per UE can be introduced in power saving signal/channel outside Active Time which is similar to“CSI request” field in scheduling DCI to trigger aperiodic CSI report before DRX ON, but have some differences. In traditional aperiodic CSI report, RRC will configure multiple CSI report configurations and the “CSI request” field will indicate the CSI report trigger state. In addition, the PUSCH report resource is indicated in the scheduling DCI as well.
However, considering that the DCI payload size is limited in power saving signal/channel outside Active Time, we prefer the following aperiodic CSI configuration and indication scheme. RRC signalling only configures one CSI report configuration associated with power saving signal/channel outside Active Time, which includes CSI measurement resources and CSI report quantity. Different from the PUSCH indicated by UL grant, the PUSCH resource for CSI report before DRX ON should also be pre-configured in RRC signalling including frequency and time domain resource, MCS, antenna port configuration. One bit per UE is enough to indicate UE to report CSI before DRX ON or not.
Proposal 2: Potential DCI contents in power saving signal/channel outside DRX Active Time for one UE include the following fields:
· 1 bit for wake up, which is used to indicate UE to monitor PDCCH in associated DRX cycle or not;
· 1 bit for aperiodic CSI report.
2.1.4. Power saving signal/channel monitoring 
The power saving signal/channel outside DRX Active Time is monitored before DRX ON and the offset can be configured through R15 search space configuration. However, in some cases one DRX cycle inactivity timer may extend to the next DRX cycle which causes the monitoring occasion of power saving signal/channel for next DRX cycle is within DRX Active Time as in Figure 1.


Figure 1. Illustration of power saving signal monitoring occasion
In this case, we prefer UE should not monitor power saving signal/channel for next DRX cycle, since the DCI size of power saving signal/channel outside DRX Active Time is different from other DCI formats, and if UE monitor it inside Active Time, it may beyond the DCI size budget. In this case, UE continues to “wake up” in next DRX cycle, and if UE doesn't have traffic to be scheduled in the next DRX cycle, gNB can transmit a DRX MAC CE command to stop the PDCCH monitoring. 
Proposal 3: UE does not need to monitor PDCCH based power saving signal if the Active time is extended by the inactivity timer to be overlapped with the power saving signal monitoring occasion.
2.1.5. CORESET configuration
In last meeting, it was agreed that the CORESET for power saving signal/channel outside Active Time can be shared with other PDCCH monitoring. In our opinion, no dedicated CORESET is need for power saving signal/channel and maximum three CORESETs as in R15 is enough.
Considering FR2, in order to satisfy power saving signal miss detection requirement, beam sweeping could be supported for power saving signal/channel outside Active Time. It was agreed in last RAN1 meeting that up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption outside Active Time, which can support maximum three different beams. However, maximum three different beams may be not enough for FR2, and more beams need more CORESETs if each CORESET can only associate with one TCI state as in R15.
Therefore, the enhancement could be considered to activate multiple TCI states for one CORESET but only one activated TCI state is used in one monitoring occasion and different monitoring occasions associate with different activated TCI states. The association between TCI states and PDCCH monitoring occasions can be configured by higher layer signalling or predefined in specification. For example, there are four PDCCH monitoring occasions in one periodicity for power saving signal/channel outside Active Time and gNB configure four different TCI states for the CORESET which have a one-to-one mapping with four PDCCH monitoring occasions.
Proposal 4: No need to support dedicated CORESET for power saving signal/channel.
Proposal 5: It could be considered to activate multiple TCI states for one CORESET but only one TCI states used in one monitoring occasion and different monitoring occasions associate with different activated TCI states. The association between TCI states and PDCCH monitoring occasions can be configured by higher layer signalling or predefined in specification.
2.2. Power saving signal/channel design within DRX Active Time
According to last RAN1 meeting agreement, the cross-slot scheduling power saving signal technique should be introduced at least by adding fields to existing scheduling DCI as power saving signal/channel within DRX Active Time. 
As the discussion in our companion contribution [3], the minimum K0 and K2 should be applied simultaneously which can realize maximum UE power saving gain for cross-slot scheduling and reduce the network signalling overhead. In addition, to satisfy the PDCCH detection performance requirement, only one adding bit is used in scheduling DCI which can indicate if the pre-configured minimum K0 and K2 value is applied on active DL BWP and active UL BWP or not. For example, gNB configures the minimum K0 =1 for active DL BWP #1 and minimum K2 =2 for active UL BWP #1 by higher layer signalling. If the cross-slot scheduling field in DCI is “1”, UE should apply minimum K0 = 1 and minimum K2 = 2 for active DL BWP #1 and active UL BWP #1 simultaneously. Otherwise, the whole DL TDRA table and UL TDRA table is used which means no cross-slot scheduling. The minimum K0 and minimum K2 value can be different for different BWPs, the one bit in DCI is only used to indicate whether the minimum K0 and K2 value is applied or not.
In addition, only non-fallback scheduling DCI (DCI format 0_1 and DCI format 1_1) can be used as power saving signal/channel within DRX Active Time to trigger the application of pre-configured minimum K0 and K2 value. The reason of not using fallback scheduling DCI is the size budget and legacy UE compatibility. In R15, the DCI size of fallback DCI in USS may be aligned with fallback DCI in CSS through determining the frequency domain filed size according to initial DL/UL BWP. If a new field for cross-slot scheduling is added to fallback DCI in USS, the same length field should also be added to fallback DCI in CSS as well to align the fallback DCI size when DCI size budget cannot be fulfilled. That is the CSS DCI format sizes are different for R15 and R16 UEs which causes legacy UE compatibility problem. Therefore, only non-fallback scheduling DCI is used to trigger cross-slot scheduling.
Proposal 6: DCI format 0_1 and 1_1 is used as power saving signal/channel within DRX Active Time, and 1 bit is used to trigger the application of pre-configured minimum K0 and K2 value for cross-slot scheduling.
3. Conclusions
In this contribution, the PDCCH-based power saving signal/channel design in both outside DRX Active Time and within DRX Active Time are discussed, and the following observations and proposals are made.
Observation 1: To satisfy the 0.1% miss detection performance of power saving signal/channel outside Active Time, the AL and DCI size can be configured as the following, 
•	for AL = 8, the required SINRs for DCI size of 12 and 6 are lower than -3.5dB. 
•	for AL=16, the required SINRs for DCI size of 24,12 and 6 are lower than -4.5dB.
Proposal 1: New group common DCI format is preferred for power saving signal/channel outside Active Time.
Proposal 2: Potential DCI contents in power saving signal/channel outside DRX Active Time for one UE include the following fields:
· 1 bit for wake up, which is used to indicate UE to monitor PDCCH in associated DRX cycle or not;
· 1 bit for aperiodic CSI report.

Proposal 3: UE does not need to monitor PDCCH based power saving signal if the Active time is extended by the inactivity timer to be overlapped with the power saving signal monitoring occasion.
Proposal 4: No need to support dedicated CORESET for power saving signal/channel.
[bookmark: _GoBack]Proposal 5: It could be considered to activate multiple TCI states for one CORESET but only one TCI states used in one monitoring occasion and different monitoring occasions associate with different activated TCI states. The association between TCI states and PDCCH monitoring occasions can be configured by higher layer signalling or predefined in specification.
Proposal 6: DCI format 0_1 and 1_1 is used as power saving signal/channel within DRX Active Time, and 1 bit is used to trigger the application of pre-configured minimum K0 and K2 value for cross-slot scheduling.
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