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1. Introduction
Regarding the PDCCH-based power saving signal/channel, the agreements/WA/conclusion made in the previous RAN1 meeting (RAN1#98) are as follows; 
	Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS
Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside active time
Agreements:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 
Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreements:
· Scheduling DCI format(s), 1-1 and/or 0-1 are enhanced to include the configurable additional field of 1-bit dynamic indication of cross-slot scheduling in the Active Time in Rel-16.  
Agreements:
· Power saving information using DCI formats 0_0/1_0 is not supported
Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.


In this contribution, we discuss remaining issues on PDCCH-based power saving signal/channel. It is noted that PDCCH-based power saving signal/channel monitored outside Active Time is called by “PS-PDCCH” in this contribution. 
2. Discussion 
2.1. Monitoring occasions outside Active Time 
According to the conclusion in previous meeting, the offset for PS-PDCCH monitoring occasions outside Active Time can be indicated by explicit offset value or search space set configuration. If the explicit offset is used to determine monitoring occasion of PS-PDCCH, additional configurations (e.g., offset between monitoring occasions, the number of monitoring occasions) should also be indicated. On the other hands, the existing search space set configuration has well defined elements used for PDCCH monitoring, so it doesn’t need additional configuration. But, if monitoring periodicity of the search space set is not aligned with DRX cycle, additional procedure (e.g., monitoring occasion skipping) may be needed. In order to decrease additional discussion and specification impact, we propose to reuse existing search space set configuration with reinterpretation for some contents. According to the current specification (TS38.331), the SearchSpace IE has several contents; searchSpaceId, controlResourceSetId, monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot, nrofCandidates, and searchSpaceType. Most contents can be reused without re-interpretation for monitoring occasion determination of PS-PDCCH outside Active Time. For example, the “duration” can be used to indicate the number of multiple monitoring occasions with 1 slot offset between consecutive monitoring occasions. In our view, “monitoringSlotPeriodicityAndOffset” can be re-interpreted as an offset relative to the beginning of DRX ON to indicate constant offset between monitoring occasion and DRX ON. (If this proposal is acceptable, we can discuss details of re-interpretation in next meeting.) 
In addition, whether the PS-PDCCH is monitored on both DRX type (i.e., long and short DRX operation) is remained as a FFS point. In general, if a UE doesn’t receive PDCCH on configured number of short DRX cycles, the long DRX operation is applied. It means the short DRX operation is regarded as a “condition” for determining whether long DRX operation is applied or not. From this perspective, we don’t see clear reason to monitor WUS during short DRX cycle. 
Proposal 1: The search space set configuration defined in Rel-15 is used to determine monitoring occasions of PS-PDCCH outside Active Time.
Proposal 2: The “monitoringSlotPeriodicityAndOffset” in “SearchSpace” IE is re-interpreted as an offset between monitoring occasion and DRX ON.
Proposal 3: A UE monitors PS-PDCCH only for a long DRX operation. 

2.2. CORESETs inside/outside Active Time
According to previous agreement, the maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. It seems that the agreement doesn’t exclude CORESET(s) dedicated for outside Active Time. 
There are two options to configure CORESETs for PS-PDCCH monitoring outside Active Time;
Option 1) Network configures CORESET(s) dedicated for outside Active Time
This option may be useful to achieve additional power saving gain, for example, by CORESET with small bandwidth. However, for this option, it should be clarified how many CORESETs can be configured for a BWP. The maximum number of CORESETs to be configured is 3 in Rel-15, and more CORESETs can be configured in Rel-16 for multi-TRP operation. But, because that limitation does not consider PDCCH monitoring outside Active Time, the maximum number of CORESETs “per BWP” should be clarified if PS-PDCCH dedicated CORESET can be configured. 
Option 2) Network uses CORESET(s) configured inside Active Time for outside Active Time
For option 2, network can inform to UE which CORESET(s) among the CORESETs configured for Active Time is used for outside Active Time. In this option, the maximum number of CORESETs per BWP is not needed to be discuss even if PS-PDCCH is monitored outside Active Time.
If option 1 is applied, more discussion about the maximum number of CORESETs per BWP is needed, and it may cause specification impact, which doesn’t seem to be essential for power saving signal/channel support. Considering remaining time budget for power saving WI, it is desirable to apply option 2 for CORESET configuration of PS-PDCCH. 
Proposal 4: For Rel-16, CORESET configuration dedicated for PS-PDCCH is not supported.

2.3. UE-/Group-specific PS-PDCCH for outside Active Time 
According to previous agreement, PS-PDCCH outside Active Time may carry power saving information for one or more UEs. And UE-specific PS-PDCCH and group-specific PS-PDCCH were discussed in RAN1#97 meeting. In order to support both PS-PDCCH types flexibly, we propose UE grouping for PS-PDCCH for outside Active Time is defined in a UE-transparent way. For example, a network can indicate to each UE PS-PDCCH configuration for outside Active Time with field information. The filed information may include starting position of UE-specific information within a DCI information bits. In addition, power saving scheme(s) to be indicated to the UE, and information bit size for the UE can be configured if necessary depending on the further discussion. A UE receiving the information can decode PS-PDCCH, and extract power saving information to the UE using field information configured UE-specifically. A selection between actual UE-specific operation and UE-group operation is up to a network’s choice. 
In addition, in order to improve decoding performance, a network can indicate known-bit information to each UE. If the number of bits for a UE-group or a UE is smaller than PS-PDCCH DCI size, remaining bits can be set to known bit (e.g., “0” or “1”). The information can be helpful to decode the DCI for target UE(s).
Proposal 5: A network indicates bit field information of new DCI for outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.
· FFS if known bit information is indicated to each UE

2.4. Fallback operation 
In Rel-15, some exceptional cases which cannot monitor PDCCH are defined, for example, collision with SSB, rate matching resource (e.g., LTE CRS), and resources configured to UL by DCI format 2_0. If the resources configured for PS-PDCCH monitoring outside Active Time overlap with the exceptional cases, a UE cannot monitor the PS-PDCCH.
Another case to be considered is that PS-PDCCH is not detected on configured monitoring occasion outside Active Time. In this case, there are two possibilities; 1) a network does not transmit PS-PDCCH, and 2) a UE does not succeed to decode PS-PDCCH transmitted by network.
 For these cases, a fallback operation needs to be defined, and possible fallback operations are as follows;
Option 1) Skip PDCCH monitoring on corresponding on-duration(s)
When the resource configured to monitor PS-PDCCH outside Active Time is not available, a UE skips not only the PS-PDCCH monitoring but also PDCCH monitoring configured on corresponding on-duration(s). This option can increase power saving gain, while latency may also be increased.
Option 2) Perform PDCCH monitoring on corresponding on-duration(s)
In option 2, a UE monitors PDCCH configured in Active Time, if the resource for PS-PDCCH monitoring is not available. 
In our view, each option has pros and cons depending on UE’s traffic pattern, battery status, network’s load status, etc. Therefore, further discussion is necessary to decide which specific option should be applied to which specific case. One possibility is to make the UE’s fallback operation configurable.
Proposal 6: A fallback operation can be configured between Go-to-sleep and Wake-up for following cases;
	Case 1) PS-PDCCH monitoring resources are not available (e.g., by collision with SSB, LTE CRS …)
	Case 2) PS-PDCCH is not detected on configured monitoring occasions

2.5. Contents of new DCI
In last meeting, several power saving technique information are proposed to be included in new DCI; Wake up and not to wake up indication, cross-slot scheduling, triggering RS transmission/CSI-report, BWP ID, reserved bits, and SCell ID. In our view, at least information related to “wake up indication” and “cell ID indication” can be included in new DCI , and other power saving technique information is not needed or can be indicated after wake-up. For example, if network can configure DCI size and location of UE-specific information within DCI (discussed in section 2.3), the information for reserved bits does not need to be included in new DCI. Other information (e.g., triggering RS/CSI-report, BWP ID, cross-slot scheduling) may be considered if benefits in terms of power saving are shown clearly. 
Proposal 7: At least the “wake up indication” and “cell ID indication” are included in the power saving DCI monitored outside Active Time.

3. Conclusion
In this contribution, we discuss PDCCH-based power saving signal/channel, and our proposals are as follows;
Proposal 1: The search space set configuration defined in Rel-15 is used to determine monitoring occasions of PS-PDCCH outside Active Time.
Proposal 2: The “monitoringSlotPeriodicityAndOffset” in “SearchSpace” IE is re-interpreted as an offset between monitoring occasion and DRX ON.
Proposal 3: A UE monitors PS-PDCCH only for a long DRX operation.
Proposal 4: For Rel-16, CORESET configuration dedicated for PS-PDCCH is not supported.
Proposal 5: A network indicates bit field information of new DCI for outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.
· FFS if known bit information is indicated to each UE
Proposal 6: A fallback operation can be configured between Go-to-sleep and Wake-up for following cases;
· Case 1) PS-PDCCH monitoring resources are not available (e.g., by collision with SSB, LTE CRS …)
· Case 2) PS-PDCCH is not detected on configured monitoring occasions.
Proposal 7: At least the “wake up indication” and “Cell ID indication” are included in the power saving DCI monitored outside Active Time.

