Page 8
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG RAN WG1 #97		R1-1906524
Reno, USA, May 13th – 17th, 2019

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on PDCCH-based power saving signal/channel design
Agenda item:	7.2.9.1
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
At RAN1 #96bis meeting, the agreement about power saving signal/channel design was approved as the following [1], 
Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 
Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active Time vs. out of Active Time
· Working assumption: no increase of UE BD/non-overlapping CCE limit
Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 
Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format
Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Antenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 
Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded
Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)
Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured

In this contribution, the PDCCH-based power saving signal/channel design in both DRX Active Time and out of 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 in both DRX Active Time and out of DRX Active Time are discussed.
2.1. General power saving signal/channel design principle
At the SI stage, several power saving schemes have been evaluated and shown potential power saving gains, such as adaptation in DRX, adaptation in BWP/Scell, adaption in PDCCH monitoring, cross-slot scheduling, adaptation in antenna domain, etc. From our point of view, PDCCH-based power saving signal/channel design should take these power saving schemes into account as much as possible. 
For different C-DRX state, the PDCCH-based power saving signal/channel may have different functionalities. For example, for out of DRX Active Time, power saving signal can be used to indicate UE wake up or not, trigger CSI report, etc., while during DRX Active Time and in non-DRX operation, power saving signal can be used to indicate UE adaptation to PDCCH monitoring, cross-slot scheduling, number of Rx antennas, etc. To realize this, two PDCCH-based power saving signal/channel design framework can be considered. 
· Option 1: Only one unified DCI format is designed which could be used to indicate all possible UE power saving schemes in different UE C-DRX states, e.g., out of DRX Active Time, within DRX Active Time, in non-DRX operation. However, the DCI size will be large due to all the possible fields need to be included in power saving signal regardless of which C-DRX state the UE is in. 
· Option 2: Different DCI formats are designed for different UE C-DRX states. In this method, only part of the power saving schemes which are suitable for the corresponding C-DRX state of the UE are triggered by different DCI formats, and the payload size of each DCI format can be reduced to have better demodulation performance. 

From our point of view, we prefer option 2, and we think two different DCI formats should be designed considering different UE C-DRX states:
· DCI format #1: used out of DRX Active Time, it can indicate UE to wake up in the associated DRX cycle, trigger an on demand CSI preparation to realize timely CSI acquisition, or other potential power saving schemes such as adaptation in BWP operation. The PDCCH with DCI format #1 is transmitted before DRX ON and the search space periodicity can be configured as one or multiple DRX cycles.
· DCI format # 2: used within DRX Active Time and in non-DRX operation, it can indicate UE to adapt in PDCCH monitoring, cross-slot scheduling, number of Rx antenna or other schemes. The search space configuration is similar to R15 search space configuration.

Proposal 1: Two different DCI formats should be designed for different UE C-DRX states:
· DCI format #1 could be used out of DRX Active Time to wake up UE, trigger CSI report before DRX ON, or other potential power saving schemes such as adaptation in BWP operation. 
· DCI format #2 could be used within DRX Active Time and in non-DRX operation to trigger UE adaptation in PDCCH monitoring reduction, cross-slot scheduling, number of Rx antennas or other schemes.
2.2. Power saving signal/channel design out of DRX Active Time
2.2.1. DCI content
1) Triggering UE wake up from DRX off to Active Time
Power saving signal can be used to indicate UE whether to monitor PDCCH in a DRX cycle or not. As discussion in section 2.1, a one bit per UE in DCI format #1 used out of DRX Active Time can realize this function. When a UE detects DCI format #1 with the wake up filed as “1”, UE will wake up in the associated DRX cycle. If the wake up filed as “0”, the UE will continue to sleep and will not wake up in the associated DRX cycle.
2) Triggering CSI measurement and report before DRX ON
In current DRX operation procedure, UE can only report CSI in DRX Active Time and the CSI measurement for this time report occurs in DRX Active Time as well. This restriction causes that gNB cannot acquire efficient CSI timely at the beginning of DRX cycle. In order to make an efficient scheduling at the beginning of DRX cycle, DCI format #1 can be used to trigger an on demand CSI report before DRX ON. 
The procedure of CSI measurement and report before DRX ON triggered by DCI format #1 is illustrated in the Figure 1. PDCCH with DCI format #1 is transmitted before DRX cycle, if the wake up filed in DCI format #1 is “1”, the DCI can trigger the UE to measure and report CSI before ON. If the wake up filed in DCI format #1 is “0”, UE will not measure and report CSI before ON. In this procedure, DRX configuration parameters and UE behaviour including all the timers in DRX operation will not change compared to R15. The only change of UE behaviour is that UE may need to report CSI on PUCCH or PUSCH before the DRX ON, which may have RAN2 specification impact.


Figure 1. Procedure of CSI measurement before DRX ON triggered by power saving signal

For the on demand CSI measurement and report triggered by DCI format #1 before DRX ON, the CSI measurement resource and CSI report resource can be designed with the following two schemes. 
Option 1. Aperiodic CSI-RS as the measurement resource and PUSCH as the report resource:
In this option, DCI format #1 triggers CSI report which is similar to“CSI request” field in scheduling DCI. gNB can configure one CSI triggering configuration by RRC signalling, including the configuration of CSI-RS resource and the time offset from DCI format #1. However, different from the PUSCH indicated by UL grant used as the aperiodic CSI report resource in traditional aperiodic CSI report, the configured grant PUSCH could be used to carry the CSI report before DRX ON triggered by DCI format #1. 
In a summary, in option1, gNB configure the on demand CSI triggering configuration including the CSI-RS resource, the time offset the DCI format #1 and PUSCH resource. One bit in DCI format #1 can be used to trigger UE measure and report CSI or not.
Option 2. Periodic CSI-RS as the measurement resource and PUCCH as the report resource:
Another CSI-RS resource and CSI report configuration is to use current periodic CSI report configuration. The traditional periodic configuration of CSI report setting cannot always ensure that the CSI report appears at the DRX ON start position , although the periodic CSI-RS reporting has been configured for UE. Therefore, if the periodic CSI report cannot align with the DRX ON start position, DCI format #1 can indicate the shift of first periodic CSI report in DRX ON to align with it. Besides, the existing periodic CSI report configurations, such as CSI-RS configuration and PUCCH configuration can be fully utilized without additional RRC signalling. 
An example is shown in Figure 2, since the CSI report occasion is not happened before gNB can schedule data, a CSI report occasion shift is triggered by DCI format #1. Then UE can use the configured periodic CSI-RS resource and PUCCH but a different occasion from the periodically configured occasion to measure and report the CSI, all the configuration parameters can be reused. Only one triggered shift duration between DCI format #1 and the periodic CSI report occasion should be pre-configured by gNB. 
That is in option 2, one bit in DCI format #1 is used to indicate the shift of first periodic CSI report occasion in DRX ON or not. All the CSI-RS configuration, PUCCH configuration and shift duration are all pre-configured by RRC signalling.
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Figure 2. CSI resource and report occasion shift triggered by DCI format #1 

3) Triggering BWP switch
In order to acquire more power saving gain, the DCI format #1 should be transmitted in a narrow BWP out of DRX Active Time. If one UE need to wake up in the DRX cycle to receive data, the active BWP should be changed to a larger one to realize faster data transmission. One solution is that gNB transmits a scheduling DCI for BWP switch at the start of DRX ON, but due to the BWP switching delay required by RAN4, some front slots in DRX ON cannot be used to receive or transmit data, which causes the decrease of spectrum efficiency and additional power consumption. Therefore, DCI format #1 can be used to switch to larger active BWP if UE need to wake up. In addition, the time offset between DCI format #1 and DRX ON should be larger than BWP switching delay to let the UE work on a suitable BWP immediately at the start of DRX ON.

Proposal 2: Potential DCI contents in DCI format #1 used out of DRX Active Time for one UE include the following fields:
· 1 bit for wake up, which is used to indicate UE monitor PDCCH in associated DRX cycle or not;
· 1 bit for CSI measurement and report trigger, which is used to indicate the on demand CSI triggering or if the shift of first periodic CSI report in DRX ON or not;
· 1~2 bits for BWP indication, which is used to indicate the active BWP used in DRX Active Time.

2.2.2. DCI format
As the discussion in 2.2.1, the DCI format #1 used out of DRX Active Time is used to wake up UE, trigger CSI report and BWP switch. In R15 DRX operation, the DCI with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI can be monitored by UE out of DRX Active Time. Considering that the DCI format #1 is only transmitted out of DRX Active Time and in order to reduce the spec impact on RAN2 DRX operation as much as possible, a new RNTI such as PS-RNTI can be used to scramble the CRC for DCI format #1, and the PDCCH scrambled by PS-RNTI can be allowed to be monitored out of DRX Active Time.
Another issue is the DCI format size. The size of DCI format #1 with CRC scrambled by new PS-RNTI can be different from the DCI format size with CRC scrambled by SI-RNTI, P-RNTI, RA-RNTI, which is the same as the size of DCI format 1_0. Since at most total two DCI sizes are monitored in one slot by UE out of DRX Active Time which is not beyond the DCI size budget.
In addition, considering the fields in DCI format #1 for one UE is only about 3~4 bits, group common DCI format should be supported to reduce the network overhead. gNB can configure UE with same DRX cycle configuration in a one group common DCI format #1 to reduce the network signalling overhead. Besides, the number of UE grouped in one DCI format #1 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 #1 have more flexibility than UE-specific DCI format. 
Proposal 3: A new RNTI such as PS-RNTI is used to scramble the CRC of DCI format #1. 
Proposal 4: New group common DCI format is preferred for DCI format #1, and the DCI size can be different from existing DCI format and can be configured by gNB.
2.2.3. Search space/CORESET configuration
As the discussion in 2.2.2, a new RNTI and new DCI format is used for DCI format #1 used out of DRX Active Time. A dedicated search space can be configured for DCI format #1, and the periodicity of this search space can be one or multiple DRX cycles. Considering the blind decoding complexity, only one candidate should be configured in this search space.
There are two schemes for CORESET configuration associated with DCI format #1 search space. Only DCI with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI are monitored by UE out of DRX Active Time Besides DCI format #1, and the CORESET associated with these RNTIs is CORESET #0. 
Therefore, the first CORESET configuration scheme is the shared CORESET such as CORESET #0, but the search space for DCI format #1 and search space for SI-RNTI, P-RNTI and RA-RNTI should be TDMed due to the limited resource in CORESET #0. The second CORESET configuration scheme is using a dedicated CORESET which does not count as one of the CORESETs configured for the UE without any blocking probability problem. These two CORESET configuration schemes for DCI format #1 can be further studied.
Proposal 5: A dedicated search space with only one candidate should be supported for DCI format #1. The periodicity of search space should be one or multiple DRX cycles.
Proposal 6: Two options for CORESET configuration associated with DCI format #1 can be further studied:
· Option 1. A dedicated CORESET which does not count as one of the CORESETs configured for the UE;
· Option 2. A shared CORESET.
2.3. Power saving signal/channel design within DRX Active Time and in non-DRX operation
2.3.1. DCI content
In DRX Active Time and non-DRX operation, more power saving schemes such as number of Rx antenna adaptation, cross-slot scheduling, PDCCH monitoring skipping should be considered in the design of DCI format #2. Besides, the power saving triggering of Scells should also be introduced in DCI format #2. Considering the traffic may be changed more dynamically and quickly on Pcell than Scells, and the signalling overhead of DCI format #2, the following indication principle should be considered in the design of DCI format #2. 
· Different indication schemes should be designed for Pcell and Scells in DCI format #2, respectively.
· For Pcell, the indication of different power saving schemes should be flexible such as separate indication, which can adapt to UE traffic on Pcell dynamically and quickly.
For Scells, joint indication of different power saving schemes can be considered, e.g., at least two power saving states could be introduced for one Scell to indicate the adaptation of different power saving schemes and reduce the signalling overhead at the same time.  

In the following DCI content design for DCI format #2, three different types of power saving schemes are considered, including power saving schemes on both Pcell and Scells, power saving schemes on Pcell, and power saving schemes on Scells. Different indication schemes are also considered according to different power saving schemes.
1) Triggering number of Rx antenna adaptation on both Pcell and Scells
One of the power saving schemes used both on Pcell and Scells is the adaptation of number of Rx antenna. Considering this scheme is only associated to UE device, and the number of Rx antenna should have an identical understanding between gNB and UE, the explicit indication of number of Rx antenna should be introduced in DCI format #2. One bit in DCI format #2 is used to indicate UE the number of Rx antenna such as 4Rx or 2Rx. 
2) Triggering power saving schemes on Pcell
As the discussion in SI stage, one of the problem of UE power consumption is the PDCCH-only detection, DCI format #2 can be used to dynamically trigger UE skipping some PDCCH monitoring on Pcell to save UE power.
In general, two solutions can be considered for skipping PDCCH monitoring. One is “wake up”, which means that power saving signal is used to indicate the time duration UE would keep awake to monitor PDCCH after UE detect it. Another is “go to sleep”, which means that power saving signal is used to indicate the time duration UE would go to sleep and not monitor PDCCH. The objective of both “wake up” and “go to sleep” is to skip PDCCH-only monitoring occasions. 
These two solutions can achieve the same power saving effect with different signalling, i.e., “wake up” or “go to sleep”. However, the performance requirements of “wake up” and “go to sleep” are different as described in TR 38.840 [2]. For power saving signal/channel for wake-up purpose, the target of miss detection 0.1% and the false alarm rate at 1%. For power saving signal/channel for go-to-sleep purpose, the target of miss detection 1% and the false alarm rate at 0.1%. We can see that the miss detection requirement of “wake up” is more stringent than “go to sleep”, since if “wake up” power saving signal is miss detected, UE will not wake up to monitor PDCCH and miss data transmission, which will cause severe performance degradation. While if “go to sleep” power saving signal is miss detected, UE will not go to sleep and continue to monitor PDCCH although there are no data scheduling which only cause more UE power consumption but no performance degradation. For PDCCH-based DCI format #2, the 0.1% miss detection can only be met when the payload is less or the CCE is large enough such as 16, while the false alarm rate can easily fulfil 0.1% since CRC is used. Therefore, “go to sleep” is more suitable for PDCCH-based DCI format #2 than “wake up” to trigger UE adaptation in skipping PDCCH monitoring. 
Therefore, 1 to 3 bits in DCI format #2 can indicate the duration UE can go to sleep. gNB can figure some candidate sleep durations by RRC signalling and DCI format #2 indicates which sleep duration to be used. 
In addition to skipping PDCCH monitoring, cross-slot scheduling and BWP switch could also be considered for power saving on Pcell. Separate fields should be designed in DCI format #2 to indicate different power saving schemes. For cross-slot scheduling, two candidate minimum K0 can be pre-configured by RRC signalling and 1 bit in DCI format #2 is used to indicate the minimum K0 value. For BWP switch, although active BWP can be indicated in scheduling DCI, 1 to 2 bits in DCI format #2 can also be used for faster BWP switching in case of no scheduling.
2) Triggering power saving states adaptation on Scells
There are three different ways to adapt the power saving schemes on Scells. The first is the power saving related parameters on Scells such as BWP, minimum K0 have the association with Pcell without the indication of power saving signal. The second is that power saving signal is transmitted on each Scell to indicate the parameters separately. The third is the power saving signal is transmitted on Pcell only and can indicate the parameters of all Scells. 
There are too much restriction on power saving schemes triggering on different Scells for the first solution and the network signalling overhead is too huge for the second one. Therefore, the third one will be the best solution, e.g., DCI format #2 on Pcell can indicate the power saving schemes triggering on other Scells. 
To indicate power saving schemes on Scells, one solution is that DCI format #2 on Pcell indicates the potential power saving schemes parameters separately for each Scell similar to Pcell, e.g., minimum k0, BWP indicator. However, the payload size in this scheme will increases with the introduction of more power saving schemes and the number of activated Scells, which cause the power saving signal performance may not be guaranteed. 
Another solution is to configure several different power saving states by RRC signalling for each Scell, as the discussion in our companion contribution [3], and each power saving state is associated with a combination of different power saving schemes parameters. Considering the traffic scheduling on Scell is much slower than Pcell and there are no need of fast dynamic change power saving schemes parameters on Scell, only two power saving states can be configured on each Scell which one is used for normal scheduling, the other one is used for power saving or dormant state. For example, two power saving states are configured for one Scell, for power saving state #0 used for normal scheduling, BWP is a large one, minimum k0 = 0, PDCCH monitoring periodicity for search space #1 = 1 slot and PDCCH monitoring periodicity for search space #2 = 2 slots. For power saving state #1 used for power saving, BWP is a small one, minimum k0 = 1, PDCCH monitoring periodicity for search space #1 = 10 slots, PDCCH monitoring periodicity for search space #2 = 20 slots. DCI format #2 can dynamically indicate UE which power saving state to use for this Scell with only 1 bit. This scheme can achieve a good trade off between the PDCCH overhead and indication flexibility. Therefore, we propose to introduce the concept of power saving states when designing the DCI format #2 to trigger UE power saving adaptation in DRX Active Time and non-DRX operation on Scells.
Proposal 7. Introduce the concept of power saving states when designing the DCI format #2 to trigger UE adaptation in DRX Active Time and non-DRX operation. Several different power saving states could be configured with RRC signalling, and then DCI format #2 could be used to further dynamically indicate UE which power saving state to use.
Proposal 8: Potential DCI contents in DCI format #2 used within DRX Active Time or in non-DRX operation include the following fields:
· 1 bit for number of Rx antenna indication;
· 1~2 bits for BWP indication on Pcell;
· 1 bit for minimum K0 indication on Pcell;
· 1~3 bits for PDCCH skipping, which is used to indicate the duration UE will not monitor PDCCH on Pcell;
· 1 bit for power saving sate indication for each activated Scell, each power saving state configuration contains different values of power saving related parameters e.g., BWP indication, minimum K0, periodicity of search space.

2.3.2. DCI format
As the discussion before, DCI format #2 is used to indicate power saving schemes in DRX Active Time and non-DRX operation and the payload size may be around 10~20bits. In addition, the traffic of different UE have much variety and the power saving requirements and schemes will be very different. It is very difficult to group multiple UEs in one DCI format. One reason is that the DCI field sizes designed for one UE is much large. The another is that the false detection of DCI format #2 will be increased because the time of triggering power saving is not the same for all UEs in one group, if gNB transmits a DCI format #2, all UEs in the group should monitor and detect it even the DCI bits in DCI format #2 for part of UEs are not changed. Therefore, UE-specific DCI format is much better used for DCI format #2.
There are three options to design the UE-specific DCI format #2 as the following:
· Option 1. A new RNTI and a new DCI format is used. The DCI size is fixed around 10~20bits.
· Option 2. A new RNTI and a new DCI format is used. The DCI size is aligned with fallback DCI.
· Option 3. Existing DCI such as fallback DCI format 0_0 and C-RNTI is used.

In option 1, the new DCI format size is limited, but the biggest problem is the DCI size budget. Total 4 DCI size and 3 DCI size scrambled by C-RNTI is defined in R15. If DCI format #2 is designed about 10~20bits, considering the DCI format 2_0 and DCI format 2_1 can be configured to up to 128 or 126bits, the DCI size budget remained for C-RNTI DCI is only two. That is the size of DCI format 0_0 and DCI format 1_0 is aligned and the size of DCI format 0_1 and DCI format 1_1 must be aligned as well. This will causes the decrease of scheduling PDCCH coverage and signalling overhead performance because the size of DCI format 0_1 and DCI format 1_1 must be the same as the larger one. Therefore, option 1 should not be considered to design DCI format #2.
Therefore, option 2 and option 3 which the DCI size is aligned with fallback DCI can be considered. The difference between option 2 and option 3 is the RNTI and format design. In option 2, a new RNTI such as PS-RNTI and new DCI format is used, but this method occupy one search space index within total 10 search spaces configured for one UE. 
In option 3, existing DCI format and C-RNTI is used but the DCI filed is re-purposed. For example, DCI format 0_0 is re-used as DCI format #2 as in Table 1. When the frequency resource allocation fields are all set as “1” and the frequency hopping flag is set as “0”, the DCI format 0_0 is used as power saving DCI, and the remaining fields in DCI format 0_0 can be used to indicate power saving schemes as discussed in section 2.3.1. In other cases of frequency resource allocation fields and frequency hopping flag, the DCI format 0_0 is used as scheduling DCI. To reuse frequency resource allocation fields are all set as “1” and the frequency hopping flag is set as “0” as the indication of DCI format #2 or not, because the all “1” cases can never be used in she SLIV of non-PUSCH hopping frequency allocation type 1. 
Table 1. Re-purpose of DCI format 0_0 as DCI format #2
	DCI fields for DCI format #2
	DCI fields for DCI format 0_0

	Identifier for DCI formats set as 0
	Identifier for DCI formats set as 0

	Frequency domain resource assignment set as all 1
	Frequency domain resource assignment

	1 bit for number of Rx antenna indication 
2 bits for BWP indication on Pcell
1 bit for minimum K0 indication on Pcell
	Time domain resource assignment

	Frequency hopping flag set as 0
	Frequency hopping flag

	PDCCH skipping indication
	Modulation and coding scheme

	Power state indication for Scells
	New data indicator

	
	Redundancy version

	
	HARQ process number

	
	TPC command

	
	Padding bits

	
	UL/SUL indicator


	
Compared with option 2, the DCI format #2 can be reused on any DCI format 0_0 in any USS, without the additional configuration of search space. The only change of UE behaviour is to determine the meaning of DCI fields is scheduling DCI or power saving DCI. Therefore, we prefer option 3 as the DCI format #2 design scheme.
Proposal 9: Re-purpose of existing DCI format 0_0 and C-RNTI is supported as the design of DCI format #2. If the frequency resource allocation fields are all set as “1” and the frequency hopping flag is set as “0” in DCI format 0_0, it means the DCI format #2 is used for power saving.
2.3.3. Search space/CORESET configuration
As the discussion in section 2.3.2, re-purpose of DCI format 0_0 can be used as DCI format #2. Considering DCI format 0_0 can be used in USS as the scheduling DCI, the search space and CORESET for DCI format #2 can also be the same with fallback DCI USS without additional search space configuration and no increasing of PDCCH blocking probability.
To indicate which fallback DCI USS is also used as power saving search space, two ways can be considered. The first is that all the fallback DCI USS may be reused as power saving search space, which means that UE needs to determine every DCI is format 0_0 or DCI format #2. The second is that gNB can configure the UE which search spaces are reused as power saving search spaces, UE only needs to determine the DCI format 0_0 is or DCI format #2 in these configured search spaces.
Proposal 10: Shared search space and CORESET with USS is supported for DCI format #2.
3. Conclusions
In this contribution, the power saving signal design and power saving triggering UE adaptation in both DRX operation and non-DRX operation are discussed, and the following observations and proposals are made.
Proposal 1: Two different DCI formats should be designed for different UE C-DRX states:
· DCI format #1 could be used out of DRX Active Time to wake up UE, trigger CSI report before DRX ON, or other potential power saving schemes such as adaptation in BWP operation. 
· DCI format #2 could be used within DRX Active Time and in non-DRX operation to trigger UE adaptation in PDCCH monitoring reduction, cross-slot scheduling, number of Rx antennas or other schemes.

Proposal 2: Potential DCI contents in DCI format #1 used out of DRX Active Time for one UE include the following fields:
· 1 bit for wake up, which is used to indicate UE monitor PDCCH in associated DRX cycle or not;
· 1 bit for CSI measurement and report trigger, which is used to indicate the on demand CSI triggering or if the shift of first periodic CSI report in DRX ON or not;
· 1~2 bits for BWP indication, which is used to indicate the active BWP used in DRX Active Time.

Proposal 3: A new RNTI such as PS-RNTI is used to scramble the CRC of DCI format #1. 

Proposal 4: New group common DCI format is preferred for DCI format #1, and the DCI size can be different from existing DCI format and can be configured by gNB.

Proposal 5: A dedicated search space with only one candidate should be supported for DCI format #1. The periodicity of search space should be one or multiple DRX cycles.
Proposal 6: Two options for CORESET configuration associated with DCI format #1 can be further studied:
· Option 1. A dedicated CORESET which does not count as one of the CORESETs configured for the UE;
· Option 2. A shared CORESET.

Proposal 7. Introduce the concept of power saving states when designing the DCI format #2 to trigger UE adaptation in DRX Active Time and non-DRX operation. Several different power saving states could be configured with RRC signalling, and then DCI format #2 could be used to further dynamically indicate UE which power saving state to use.
Proposal 8: Potential DCI contents in DCI format #2 used within DRX Active Time or in non-DRX operation include the following fields:
· 1 bit for number of Rx antenna indication;
· 1~2 bits for BWP indication on Pcell;
· 1 bit for minimum K0 indication on Pcell;
· 1~3 bits for PDCCH skipping, which is used to indicate the duration UE will not monitor PDCCH on Pcell;
· 1 bit for power saving sate indication for each activated Scell, each power saving state configuration contains different values of power saving related parameters e.g., BWP indication, minimum K0, periodicity of search space.

Proposal 9: Re-purpose of existing DCI format 0_0 and C-RNTI is supported as the design of DCI format #2. If the frequency resource allocation fields are all set as “1” and the frequency hopping flag is set as “0” in DCI format 0_0, it means the DCI format #2 is used for power saving.

Proposal 10: Shared search space and CORESET with USS is supported for DCI format #2.
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