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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In RAN1 #97 meeting, the following agreements on PDCCH-based power saving signal were agreed[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:
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, particularly checking consistency with RAN2 agreements
In 3GPP TSG RAN #84 meeting, the WID on UE power saving for NR was updated [2]. The objectives related to RAN1 are as follows.
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]
c) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
(1) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
2) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
3) ....
4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
[bookmark: OLE_LINK4]power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  
From the above agreements in the RAN1 #97 meeting, there are still many issues that need to be further studied. In this contribution, we discuss the design of PDCCH-based power saving signal (PoSS) from the aspects of potential DCI contents, DCI format, handling of miss detection and resource configuration, etc.   
[bookmark: OLE_LINK5]Design of PDCCH-based power saving signal
Outside Active Time
1.1.1 DCI contents of PoSS
If there is no data scheduled in the subsequent DRX cycle, the PDCCH monitoring behavior of UE in DRX On duration is unnecessary and increases power consumption. Therefore, outside Active Time, a PDCCH-based power saving signal (PoSS) can be used to indicate UE whether to wake up in the incoming DRX On duration or not.
To reduce resource overhead and blocking rate, the PoSS could indicates UE to skip PDCCH monitoring for more than one DRX cycle in the case of sparse data scheduling or latency insensible application. Otherwise, it informs UE to wake up for the next several DRX cycles. The number of DRX cycles that indicated by the PoSS could be configured by higher layer signalling or indicated by the PoSS.  
Proposal 1: The PoSS outside the Active Time could be used to indicate UE to wake up or not for the subsequent DRX cycles. 
In encoding procedure of downlink control channel, padding bits are appended in the DCI if the payload size is less than 12 bits. To fully exploit the lower limit of DCI payload size, more information that is beneficial to reduce UE power consumption could be conveyed by the PoSS outside Active Time. Analysis on the benefits of dynamic indicated on MIMO layer outside Active Time is provided in our companion contribution [3]. Furthermore, the cross-slot scheduling can also be informed outside Active Time to facilitate reducing UE power consumption at the beginning of DRX onduration [4].
Proposal 2: The PoSS outside Active Time could be used to carry the information such as cross-slot scheduling, maximum MIMO layer.
It is noted that UE’s PDCCH monitoring activity for the MAC entity's P-RNTI, SI-RNTI, RA-RNTI and TC-RNTI is not subject to DRX operation. It is reasonable that the wake-up indication does not introduce impact on the UE’s behavior based on the DCI scrambled by those RNTIs, either.
Proposal 3: The wake-up indication does not introduce impact on the UE’s behavior based on DCI scrambled by P-RNTI, SI-RNTI, RA-RNTI and TC-RNTI. 
1.1.2 DCI format of PoSS
During DRX-off period, the performance of downlink control signalling is sensitive to the timing/frequency offset due to the mobility in DRX-Off period and there is no accurate channel state information or channel tracking measurement. Therefore, the new DCI format that is used to carry power saving information for more than one UE outside Active Time should be compact enough to ensure the reliability performance.  
[bookmark: OLE_LINK10]For UE group-specific DCI in Rel-15, information bits of several UEs in one group are concatenated to form the DCI. However, the number of trigger states for each UE could be configured and is not always power of 2, which would waste some DCI states. For instance, assume the number of triggering states for each UE is 3, and there are 3 UEs in one group. For single user joint coding, i.e. SU-joint coding, same as group common DCI in Rel-15, ceil(log2(3))*3=6 bits are needed. For multi-user joint coding, i.e. MU-joint coding, instead of concatenating the DCI of multiple users in one group directly, the trigger states of different UEs in the same group are encoded together to form the DCI. Based on the assumption, ceil(log2(3*3*3))=5 bits are enough for these 3 users. The example is shown in Table A1 in Appendix.
The reduced payload size and the corresponding percentage under different number of UEs and trigger states are shown in Figure 1 and Figure 2. It can be observed from Figure 1 that as the triggering states per user and the number of users increase, the more bits are reduced by MU-joint coding. From Figure 2 we can see that MU-joint coding can reduce 10%~22% of payload size compared to SU-joint coding.

Figure 1. Reduced payload size of MU-joint coding over SU-joint coding

Figure 2 Reduced payload size ratio of MU-joint coding over SU-joint coding
Note: In Figure 2, the ratio is calculated by (payload size of SU-joint coding - payload size of MU-joint coding )/payload size of SU-joint coding .
From Figure 1 and Figure 2, we can see that MU-joint coding can achieve significant overhead reduction gain. This overhead reduction gain can help to enhance the PDCCH decoding performance .
Observation 1: MU-joint coding can achieve significant overhead reduction gain compared to SU-joint coding. 
Therefore, it is necessary to design a UE group-specific DCI with the power saving information of one or more UEs within the group are jointly coded. Here is an example of a mapping rule for MU-joint coding. Assume the number of trigger states configured for each UE in the group is T(i), and the code point of PoSS is C. Wherein 0≤i≤N-1, N is the number of UE in the group. For each UE, the trigger state indicated by the PoSS is t(i). The procedure used to derive t(i) from C is shown in Figure 3.
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Figure 3  Procedure used to derive trigger state for each UE in a group from code point of PoSS
Compared with SU-joint coding, the extra information provided to UE in this example is a list of number of trigger states of other UEs in the group. The information could be configured by RRC signalling, which does not cost much resource overhead.
Proposal 4: Multi-UE joint coding could be used to reduce the payload size outside Active Time. 
[bookmark: OLE_LINK8]Given that PoSS combined with different schemes could be applied to different scenarios, it is unnecessary for the UE with different capabilities to support the same power saving technique or configuration. It is suggested that the usages of the PoSS are configurable. The interpretation of the information conveyed by the power saving signal is up to configuration.
Proposal 5: Support flexible configuration of PoSS usage to trigger UE adaptation. 
1.1.3 Resources of PoSS
It is agreed that the new DCI format outside Active Time could be used to carry power saving information for more than one UE. From this perspective, the search space of the new DCI format is common search space.
Proposal 6: The search space of the PoSS outside Active Time is common search space.
The requirement of detection performance of the UE-specific DCI transmitted in Active Time can be easily met as UE can get good link adaptation and channel tracking. However, the detection performance of PDCCH outside Active Time cannot be guaranteed due to UE mobility and lack of timely channel measurement during DRX-Off period. The miss detection of PoSS is unavoidable and the impact of miss detection of PoSS may vary. For example, it may result into a significant system impact if the PoSS indicating wake-up for the DRX Onduration is missed.  
One feasible way to improve the detection reliability of the PoSS outside Active Time is multi-beam operation. In Rel-15, each CORESET has only one active TCI state. Multiple search spaces need to be indexed to separate CORESET to support multi-beam operation. The maximum number of CORESET per downlink BWP is limited. One solution is to activate more than one TCI state per CORESET for PoSS outside the Active Time.
As it is shown in Figure 4, UE monitors PoSS outside Active Time in a CORESETs and multiple search spaces configured by RRC signaling. Wherein the multiple search spaces are associated with the CORESET, and multiple TCI states in the CORESET are activated. Herein, the active TCI states in each CORESET can be associated with the multiple search spaces based on a certain order or configured by RRC signaling. According to the beam information associated with the TCI states in the CORESET, UE receives the PoSS with different beams at different monitoring occasions. For gNB, the same PoSS should be transmitted outside the Active Time with the corresponding beam directions in each search space.  
[image: ]
Figure 4  Multi-beam scheme for the PoSS monitoring outside Active Time
Proposal 7: Considering the limited resource of the total number of CORESETs per BWP and the miss detection of PoSS outside Active Time, it is proposed that the multiple active TCI states in one CORESET should be associated with multiple search spaces.
Inside Active Time
1.1.4 DCI contents of PoSS
In addition to cross-slot scheduling agreed in RAN1 #97, more power saving techniques could be indicated by PoSS within Active Time. Analysis on the dynamic adaptation on MIMO layer is provided in our companion contribution[3]. It is suggested that the maximum MIMO layer is indicated by PoSS within Active Time.
Proposal 8: In addition to cross-slot scheduling, the PoSS within Active Time could be used to indicate the maximum MIMO layer for the subsequent scheduling for one BWP.
1.1.5 DCI format of PoSS
During Active Time, UE is required to monitoring PDCCH if it is configured. So the power saving techniques indicated within Active Time could be conveyed by the existing scheduling DCI with some enhancements. Regarding to the DCI formats, the fallback DCI and non-fallback DCI could be considered. The enhancement could be done by adding additional fields, or re-interpreting the exiting fields. 
[bookmark: OLE_LINK11]Considering the fact that the fall-back DCI, e.g. DCI format 0_0, and DCI format 1_0, is used when the radio link is deteriorated, adding additional fields on the fall-back DCI would degrade the link performance. Besides, the fall-back DCI could also be used during RRC reconfiguration, re-purpose its existing information fields would result into different understandings between gNB and UE during this ambiguity period. Furthermore, to limit the number of PDCCH blind decoding, it is required that the size of DCI format 0_0 and format 1_0 should be aligned by padding or truncating. The sizes of DCI format 2_2 and format 2_3 which are used for the transmission of TPC commands should also be aligned with the size of format 1_0 in CSS. From the perspective of size alignment, the enhancement on the fallback DCI has more potential impact on other DCI formats. It could be concluded that enhancement on the non-fallback DCI to convey power saving information is a better solution. 
Observation 2: Enhancement on the fallback DCI would have negative influences such as the link performance degradation, ambiguity between gNB and UE, and impact on other exiting DCI formats.
Proposal 9: Utilize the non-fall back DCI to convey the power saving techniques within Active Time.
Apart from the CRC bits and frequency domain resource allocation information field, the payload size of non-fallback DCI could be up to 69 bits. Adding additional field would increase the payload size and decrease the BLER performance. Therefore, the power saving techniques within Active Time could be indicated by re-purposing the existing fields of the non-fall back DCI.
For example, in Rel-15, the transport block 2 in DCI format 1_1 is only present when the higher layer parameter maxNrofCodeWordsScheduledByDCI equals 2. During the power saving state, there is no large data transmission. The fields for transport block 2 in DCI format 1_1 can be reused to indicate power saving techniques to a UE. 
Proposal 10: Re-purposing the existing DCI is preferred to convey power saving information to a single UE in Active Time.   
If the PoSS within Active Time are indicated by re-purposing the existing fields of the non-fallback DCI, there is a limitation that the update of the minimum K values can only be associated with data scheduling. It is more beneficial to indicate UE to perform cross-slot scheduling in the case of PDCCH-only state. To obtain the power saving gain, one solution is to indicate larger minimum K values by the most recent scheduling DCI. However, it is difficult to ensure radio link performance is good enough and retransmission is not needed. Another solution is to indicate the cross-slot scheduling by the non-fallback DCI without data scheduled.
Observation 3: It is more beneficial to indicate UE to perform cross-slot scheduling in the case of PDCCH-only state. One solution is to indicate the cross-slot scheduling by the non-fallback DCI without data scheduled.
In NR Rel-15, the PDCCH validation for DL SPS is implemented by set some special fields to a predefined value. Similarly, the PoSS within Active Time can be distinguished from the original DCI by setting some fields to all ‘0’s, or all ‘1’s. For example, the DCI format 1_1 is used to indicate the power saving techniques, if the DCI format 1_1 is scrambled by the C-RNTI, and the information field of modulation and coding scheme,the new data indicator and the redundancy version are set as shown in Table 1.
Table 1  Fields for indicating the power saving techniques within Active Time
	Fields for transport block 2
	DCI format 1_1

	modulation and coding scheme
	set to all '1's

	new data indicator field
	set to '0'

	Redundancy version
	For the enabled transport block: set to '00'



Proposal 11: The fields of transport block 2, information field of modulation and coding scheme, new data indicator and redundancy version in DCI format 1_1 is used to identify the indication of the power saving techniques within Active Time.
If the power saving techniques within Active Time is conveyed by the existing scheduling DCI, the configuration of search space and CORESET could be reused. 
Proposal 12: The configuration of search space and CORESET should be reused if the PoSS within Active Time is based on existing scheduling DCI. 
Handling of miss detection 
According to the agreements in last meeting, the PoSS within Active Time should at least indicate the cross-slot scheduling power saving technique. And the PoSS outside Active Time can inform UE to monitor PDCCH or not during one or more subsequent On duration(s). The miss detection of power saving techniques indicated by PoSS can result in performance degradation for the system. The potential impacts caused by miss detection of the PoSS within Active Time and outside Active Time are disclosed as follows. 
For PoSS within Active Time, if the indication that minimum K0 equals to zero is missed by UE, and gNB schedules PDSCH with K0=0 in subsequent several slots, UE may assume TDRA entries selected by PDCCH is invalid. 
There are two cases should be considered. As it is shown in Figure 5 (a), the missed PoSS 2 indicates K0min=0. The gNB can assume the PoSS 2 is missed or not correctly decoded if it does not receive a positive acknowledgement of the scheduled PDSCH. Then gNB could transmit a new minimum value via PoSS. In this case, UE may miss multiple data transmissions if they are scheduled with K0=0 before the new minimum value is transmitted. In this case, the latency due to the miss detection of the minimum K0 seems to be intolerable to the system.
As discussed above, the PoSS without PDSCH scheduling also can be considered to indicate the K0min to reduce the power consumption in the case of the PDCCH-Only operation. Therefore, if the PoSS without PDSCH scheduling indicating a K0min=0 is missed by the UE, the UE would assume the subsequent PDSCHs scheduled with K0=0 are invalid until another PoSS indicating a new minimum K0 is detected by the UE, as it is shown in Figure 5(b). Since there is no feed-back mechanism for the PoSS without PDSCH scheduling, it will bring a large latency to the system if the interval between two PoSS with minimum K0 indication is large. The similar problem also exists for other power saving techniques such as the maximum MIMO layer. 
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(a) Minimum value of K0 indicated by PoSS with data scheduling
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(b) Minimum value of K0 indicated by PoSS without data scheduling
Figure 5  Miss detection of PoSS with cross-slot scheduling indication within Active Time
For PoSS outside Active Time, if UE does not detect the PoSS outside the Active Time which triggers the UE to monitor the subsequent On duration(s), and other potential techniques such as the maximum MIMO layer, cross-slot scheduling, the UE will go to sleep directly if nothing is specified. It will certainly increase the latency of the subsequent data transmission as it is shown in Figure 6.  
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Figure 6  Miss detection of PoSS with wake-up indication outside Active Time
Observation 4: The miss detection of PoSS in both Active Time and outside Active Time can result in an negative impacts on the transmission and latency to the system. 
[bookmark: OLE_LINK12]According to the above analysis, there are three options can be used to solve the miss detection of PoSS.
· Option 1: HARQ-ACK information report for the PoSS
In Rel-15, UE should report HARQ-ACK information in response to PDCCH which provides a SPS PDSCH release. The HARQ-ACK feedback for the PoSS is one of the solutions to improve the robustness. The power saving techniques within Active Time is carried by scheduling DCI. In this case, the detection of PoSS could be implicitly indicated by HARQ-ACK feedback of scheduled data. For the PoSS outside Active Time, due to the lack of CSI measurement and report during DRX-off period, it is difficult to determine the transmission scheme of HARQ-ACK feedback of the PoSS, e.g., codebook, time and frequency domain resource allocation, and design of RRC signaling/MAC CE for the HARQ-ACK report of the PoSS. Moreover, it can result in more power consumption for the UE..
Observation 5: The HARQ-ACK report mechanism for PoSS may result in more power consumption. 
· Option 2: Timer-based mechanism
In Rel-15, UE could perform dynamic BWP switching via DCI or bwp-InactivityTimer. If the DCI indicates a BWP ID other than the default BWP for UE, the UE will perform BWP switching to the default/initial BWP after the bwp-InactivityTimer expires. Thus, the bwp-InactivityTimer could help UE to saving power and improve reliability as well. However, this mechanism may cause latency for the transmission as shown in Figure 7. The UE may miss some PDCCH with data scheduling when the timer is running. It seems to be unnecessary for the UE to apply the timer mechanism for the miss detection of PoSS with wake-up indication.
Observation 6: The timer-based mechanism for the miss detection of PoSS outside Active Time may result in a large latency for the system.  
[image: ]
Figure 7  Timer-based mechanism to solve the miss detection of PoSS with wake-up indication
· Option 3: Default behavior
It is an efficient method to solve the miss detection of the PoSS monitored in both outside Active Time and within Active Time by defining default behavior.  
For PoSS in Active Time, the UE does not successfully receive a number of consecutive PDSCH with an invalid minimum K0 value scheduled by PDCCH, the UE shall assume the PoSS indicating the minimum K values is missed and switch cross-slot scheduling to same-slot scheduling, as it is shown in Figure 8. 
For PoSS outside Active Time, if the PoSS is miss detected in the resource configured by MAC CE or RRC signaling, the UE shall wake up and perform PDCCH monitoring as shown in Figure 9. 
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Figure 8  Default behavior for the miss detection of the PoSS with cross-slot scheduling in Active Time
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Figure 9  Default behavior for the miss detection of the PoSS with wake-up indication outside Active Time
Proposal 13: For the miss detection of PoSS in Active Time, if the UE does not receive successfully a number of consecutive PDSCHs with an invalid minimum value scheduled by PDCCHs, the UE shall assume the PoSS indicating the minimum K values is missed and switch cross-slot scheduling to same-slot scheduling.  
Proposal 14: For the miss detection of PoSS outside Active Time, if the UE does not detect the PoSS, UE shall wake up to monitor PDCCH in the subsequent one or more On duration(s).
Furthermore, the method of defining a default behavior is also proposed to solve the miss detection of the PoSS indicating the other power saving techniques both within Active Time and outside Active Time, e.g. the maximum number of MIMO layers. For example, if the number of MIMO layers indicated by a number of consecutive PDCCHs is larger than the maximum number of MIMO layers indicated by the most recent PoSS, the UE shall fall back to the operation with maximum MIMO layer supported by UE.
Proposal 15: For the miss detection of PoSS with maximum MIMO layer indication, if the UE monitors a number of PDCCHs indicating the number of MIMO layer larger than the maximum MIMO layer, the UE shall assume falls back to the operation with maximum MIMO layer supported by UE.   
Proposal 16: The method of defining a default behavior or value is proposed to solve the miss detection of the PoSS indicating the power saving techniques, e.g. wake-up operation, cross-slot scheduling, the maximum number of MIMO layers, etc.
Conclusion
[bookmark: OLE_LINK14]In this contribution, we discuss the considerations on PDCCH-based power saving signal,/channel and have the following observations and proposals. 
Observation 1: MU-joint coding can achieve significant overhead reduction gain compared to SU-joint coding. 
Observation 2: Enhancement on the fallback DCI would have negative influences such as the link performance degradation, ambiguity between gNB and UE, and impact on other exiting DCI formats.
Observation 3: It is more beneficial to indicate UE to perform cross-slot scheduling in the case of PDCCH-only state. One solution is to indicate the cross-slot scheduling by the non-fallback DCI without data scheduled.
Observation 4: The miss detection of PoSS in both Active Time and outside Active Time can result in an negative impacts on the transmission and latency to the system. 
Observation 5: The HARQ-ACK report mechanism for PoSS may result in more power consumption . 
Observation 6: The timer-based mechanism for the miss detection of PoSS outside Active Time may result in a large latency for the system.  

Proposal 1: The PoSS outside the Active Time could be used to indicate UE to wake up or not for the subsequent DRX cycles. 
Proposal 2: The PoSS outside Active Time could be used to carry the information such as cross-slot scheduling, maximum MIMO layer.
Proposal 3: The wake-up indication does not introduce impact on the UE’s behavior based on DCI scrambled by P-RNTI, SI-RNTI, RA-RNTI and TC-RNTI. 
Proposal 4: Multi-UE joint coding could be used to reduce the payload size outside Active Time. 
[bookmark: _GoBack]Proposal 5: Support flexible configuration of PoSS usage to trigger UE adaptation. 
Proposal 6: The search space of the PoSS outside Active Time is common search space.
Proposal 7: Considering the limited resource of the total number of CORESETs per BWP and the miss detection of PoSS outside Active Time, it is proposed that the multiple active TCI states in one CORESET should be associated with multiple search spaces.
Proposal 8: In addition to cross-slot scheduling, the PoSS within Active Time could be used to indicate the maximum MIMO layer for the subsequent scheduling for one BWP.
Proposal 9: Utilize the non-fall back DCI to convey the power saving techniques within Active Time.
Proposal 10: Re-purposing the existing DCI is preferred to convey power saving information to a single UE in Active Time.   
Proposal 11: The fields of transport block 2, information field of modulation and coding scheme, new data indicator and redundancy version  in DCI format 1_1 is used to identify the indication of the power saving techniques within Active Time.
Proposal 12: The configuration of search space and CORESET should be reused if the PoSS within Active Time is based on existing scheduling DCI. 
Proposal 13: For the miss detection of PoSS in Active Time, if the UE does not receive successfully a number of consecutive PDSCHs with an invalid minimum value scheduled by PDCCHs, the UE shall assume the PoSS indicating the minimum K values is missed and switch cross-slot scheduling to same-slot scheduling.  
Proposal 14: For the miss detection of PoSS outside Active Time, if the UE does not detect the PoSS, UE shall wake up to monitor PDCCH in the subsequent one or more On duration(s).
Proposal 15: For the miss detection of PoSS with maximum MIMO layer indication, if the UE monitors a number of PDCCHs indicating the number of MIMO layer larger than the maximum MIMO layer, the UE shall assume falls back to the operation with maximum MIMO layer supported by UE.   
Proposal 16: The method of defining a default behavior or value is proposed to solve the miss detection of the PoSS indicating the power saving techniques, e.g. wake-up operation, cross-slot scheduling, the maximum number of MIMO layers, etc.
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Appendix
Table A1. SU-joint coding vs MU-joint coding
	Value of the code block
	Index of triggering state for UE-0
	Index of triggering state for UE-1
	Index of triggering state for UE-2
	DCI bits for SU-joint coding
	DCI bits for  MU-joint coding

	0
	0
	0
	0
	00,00,00
	00000

	1
	1
	0
	0
	01,00,00
	00001

	2
	2
	0
	0
	10,00,00
	00010

	3
	0
	1
	0
	00,01,00
	00011

	4
	1
	1
	0
	01,01,00
	00100

	5
	2
	1
	0
	10,01,00
	00101

	6
	0
	2
	0
	00,10,00
	00110

	7
	1
	2
	0
	01,10,00
	00111

	8
	2
	2
	0
	10,10,00
	01000

	9
	0
	0
	1
	00,00,01
	01001

	10
	1
	0
	1
	01,00,01
	01010

	11
	2
	0
	1
	10,00,01
	01011

	12
	0
	1
	1
	00,01,01
	01100

	13
	1
	1
	1
	01,01,01
	01101

	14
	2
	1
	1
	10.01,01
	01110

	15
	0
	2
	1
	00,10,01
	01111

	16
	1
	2
	1
	01,10,01
	10000

	17
	2
	2
	1
	10,10,01
	10001

	18
	0
	0
	2
	00,00,10
	10010

	19
	1
	0
	2
	01,00,10
	10011

	20
	2
	0
	2
	10,00,10
	10100

	21
	0
	1
	2
	00,01,10
	10101

	22
	1
	1
	2
	01,01,10
	10110

	23
	2
	1
	2
	10,01,10
	10111

	24
	0
	2
	2
	00,10,10
	11000

	25
	1
	2
	2
	01,10,10
	11001

	26
	2
	2
	2
	10,10,10
	11010
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reduced payload size










Reduced payload size ratio under different number of UEs and states
nrOfUEs-4	3	5	9	17	33	65	0.125	0.166666666666667	0.1875	0.15	0.125	0.107142857142857	nrOfUEs-6	3	5	9	17	33	65	0.166666666666667	0.222222222222222	0.166666666666667	0.166666666666667	0.138888888888889	0.119047619047619	nrOfUEs-8	3	5	9	17	33	65	0.1875	0.208333333333333	0.1875	0.175	0.145833333333333	0.125	nrOfUEs-10	3	5	9	17	33	65	0.2	0.2	0.2	0.18	0.15	0.128571428571429	nrOfUEs-12	3	5	9	17	33	65	0.166666666666667	0.222222222222222	0.1875	0.166666666666667	0.152777777777778	0.130952380952381	nrOfUEs-14	3	5	9	17	33	65	0.178571428571429	0.214285714285714	0.196428571428571	0.171428571428571	0.154761904761905	0.13265306122449	nrOfUEs-16	3	5	9	17	33	65	0.1875	0.208333333333333	0.203125	0.175	0.15625	0.133928571428571	number of states per UE

Reduced payload size ratio
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