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Introduction
In this paper, we discuss remaining open issues related to enhanced DCI based power saving adaptation, including bit map indication, application timeline and interaction with HARQ.   
Discussion 
Bit map of DCI indication PDCCH monitoring adaptation  
It has been agreed that 2 bits will be included in the DCI for PDCCH monitoring adaptation. Five different cases have been discussed. 

For case 1, when 2 bits are used to indicate different skipping step size, it is straightforward to support up to 3 different RRC configured skipping step size. 

Proposal 1: For case 1 where only PDCCH skipping is signaled, M=3 is supported.  
For case 3, when 3 SSSGs are supported, where one default SSSG can be configured with 2 non-default SSSGs, it is FFS whether non-default SSSG to non-default SSSG transition is supported, the state transition between the states, and whether different timer can be configured per non-default SSSG. 

To simplify the overall design, the design of 3 SSSG should maximize the commonality as 2 SSSG. Fig 1 shows the proposed state transition where SSSG 0 is the configured default SSSG, SSSG 1 and SSSG2 are non-default SSSG. Same timer value configured per BWP to simplify timer behavior as well.  
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Fig. 1 State transition for case 3 with 3 SSSGs 


Proposal 2: In case 3 when Beh 2/2A/2B are signaled in one DCI,  
· Beh 2A/2B can be triggered only from default SSSG 0.  
· Timer value can be optionally configured per BWP. 

For case 4, the 2 bits signaling have been agreed in [1] to indicate ‘00’ Beh 2, ‘01’ Beh 2A, ‘10’ Beh 1A for duration T1, and ‘11’ Beh 1A for duration T2. It is still FFS on the SSSG switching timer behaviour, and timer value related to the value of T1/T2.  

When 2 SSSG are configured, the timer is reset every time there is a new DCI indicating SSSG1. In case of 2 SSSG and 2 skipping size, it is not clear whether the timer should reset with when DCI bit carry ‘01’ only, which is defined in R16 NR-U, or timer should reset when ‘01’, ‘10’, ‘11’ are indicated. To avoid the complicated state switching that timer expires during PDCCH skipping, it is desirable to reset the timer when PDCCH skipping is indicated, and timer value is always larger than T1/T2. 
 
	
Proposal 3:  In case 4 when both Beh 1/1A/2/2A is enabled,  
· Timer is reset if the UE detect a DCI format 0-1, 0-2, 1-1 and 1-2 and the value for PDCCH adaptation bit value is set to ‘01’, ‘10’, ‘11’.  
· When timer is configured, the timer value should be larger than T1/T2, to avoid timer expires during PDCCH skipping.  
For case 5, we do not see the value of configure Beh 2B and Beh 1A together. 
Proposal 4: Do not support case 5, 3 SSSG switching and skipping
2.2 Application timeline with scheduling DCI
When PDCCH monitoring adaptation is triggered by scheduling DCI, various options have been proposed for skipping and SSSG switching adaptation timeline, with interaction to HARQ retransmission. In [2], the application delay cases are described as follows,
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 5: Upon SSSG timer expiry. 
For PDCCH skipping and SSSG switching, different alternatives have been captured in [2] based on whether there is an interaction with retransmission or not.  
· Alt 1 (no interaction with retransmission). 
· Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
· Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
From performance point of view, UE power saving and UE perceived throughput are two main metrics need to be balanced. Typically, larger skipping size will have higher UE power saving benefit at the expense of longer delay and lower UE perceived throughput. Perform PDCCH skipping regardless of whether HARQ retransmission is needed will further reduce the UE perceived throughput. 
We support Alt 2 as the solution for PDCCH skipping and SSSG switching adaptation. Apply the triggering commend after ACK transmission minimize the impact to HARQ retransmission. It is also maximizing UE power saving gain since skipping PDCCH monitoring while receiving PDSCH does not save UE power. 
In addition, with ACK transmission, the UE acknowledge the correct receiving of the DCI implicitly. If NACK is sent by the UE, the gNB does not know whether the UE missed DCI itself, or failed PDSCH decoding. There can be misalignment between the UE and the gNB on PDCCH monitoring occasion. To handle this problem, when NACK is received by the gNB, the previous triggering command is cancelled, and the gNB needs to send another triggering command with retransmissions scheduling DCI.  
Proposal 5: When PDCCH monitoring adaptation is triggered by DCI format 1-1 and 1-2, application delay applies after the last OFDM symbol of ACK transmission.  
Proposal 6: When PDCCH monitoring adaptation is triggered by DCI format 0-1 and 0-2, application delay applies after the last OFDM symbol of PUSCH transmission when drx-RetransmissionTimerUL is not configured or longer than a threshold. 
Proposal 7: When PDCCH monitoring adaptation is triggered by DCI format 0-1 and 0-2, application delay applies after drx-RetransmissionTimerUL expires if drx-RetransmissionTimerUL is configured and less than a threshold.
For SSSG switching, additional processing time is needed to process the new SSSG configuration and get the UE ready to monitor PDCCH based on the new configuration. This processing time is required every time there is a SSSG switching, such as after ACK transmission, or timer expires.  
· For SSSG with , based on Table 10.4-1 of TS 38.213, Pswitch time of 25 OFDM symbols with UE processing capability 1 can be reused.  
· For SSSG with  Pswitch time follow the current working assumption agree in >52.6GHz WI [1]. Working assumption
The following values are adopted as minimum value of  for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values


Minimum  value for UE processing capability 1 [symbols]
3
40
5
160
6
320


  

   



Proposal 8: Pswitch is required every time SSSG switching happens. For   Pswitch time follows the current working assumption agree in >52.6GHz WI [1].  
	
	Minimum  value for UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320



0. Application cells
In 38.213 section 10.4, it has been specified that “If a UE is provided cellGroupsForSwitchList, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList.”. In 38.331, the cellGroupsForSwitchList indicates “The list of serving cells which are bundled for the search space group switching purpose (see TS 38.213 [13], clause 10.4). A serving cell can belong to only one CellGroupForSwitch. The network configures the same list for all BWPs of serving cells in the same CellGroupForSwitch.” 
Similar concept can be adopted for R17 DCI based PDCCH monitoring adaptation. When SSSG switching or PDCCH skipping is triggered by the scheduling DCI, the switching or skipping command can be applied to all CCs within a RRC configured cell group. cellGroupsForPDCCHAdapation can be common for both PDCCH skipping and SSSG switching. The cell group configuration enables efficient signaling and maximize UE power saving. 
Proposal 9: For DCI based PDCCH monitoring adaptation, the adaptation is applied to all CCs within a RRC configured CC group.  
0. Non-scheduling DCI
First, it is important to support at least one non-scheduling DCI to make the dynamic PDCCH monitoring adaptation work. For example, if we only specify scheduling DCI, and the UE monitors the default dense SSSG, without any traffic, the gNB cannot switch the UE to monitoring the sparse non-default SSSG which defeat the purpose of UE power saving.  Similarly, for PDCCH skipping, the skipping should be triggered when there is no traffic. Without non-scheduling DCI, the UE power saving benefit can not be achieved. 
Proposal 10: At least one non-scheduling DCI format should be supported to enable DCI based PDCCH monitoring adaptation. 
For non-scheduling DCI, three candidates have been identified: DCI format 2-0, 2-6 and 1-1 with Scell dormancy indication. Both DCI format 2-0 and 2-6 are group-based DCI.  
DCI format 2-0 has been used in NR-U to enable SSSG switching based on COT availability. To use DCI format 2-0 to signal the UE specific adaptation, UE grouping similar to DCI format 2-6 needs to be defined and configured. RRC configuration can be used to configure which UEs are grouped within one UE group, and the UE bit field location within the DCI format. With the UE grouping configuration, DCI format 2-0 becomes very similar to DCI format 2-6.   
DCI format 2-6 is transmitted before each DRX cycle in R16 UE power saving. In R16, the transmission of DCI format 2-6 is configured within a window before DRX ON duration of each long DRX cycle. To use DCI format 2-6 in R17 PDCCH based adaptation, we need to extend the monitoring occasion of DCI format 2-6 in DRX ON duration. In R16, per UE maximum 6 bits can be configured for UE power saving purpose. Similar UE group can be reused, where the triggering bits per Scell group instead of WUS or dormancy indication are transmitted per configured location.   [image: ]Fig 6. Example of use DCI format 2-6 for DCI based PDCCH adaptation
DCI format 1-1 can be used for indicating Scell dormancy without PDSCH scheduling in current specification, if FDRA filed is set to all 1s when type 1 RA is used, or FDRA field is set to all 0s when type 0 RA is used. Reuse DCI format 1-1 for triggering SSSG switching or PDCCH skipping per cell group can be a straightforward design.  
Proposal 11: For PDCCH based adaptation using non-scheduling DCI, enable DCI format 1-1 with triggering bits per cell group.   

Conclusion
 
In the contribution, we discuss further details on enhanced DCI based adaptation for UE power saving.  The proposals are: 
Proposal 1: For case 1 where only PDCCH skipping is signaled, M=3 is supported.  
Proposal 2: In case 3 when Beh 2/2A/2B are signaled in one DCI,  
· Beh 2A/2B can be triggered only from default SSSG 0.  
· Timer value can be optionally configured per BWP. 

Proposal 3:  In case 4 when both Beh 1/1A/2/2A is enabled,  
· Timer is reset if the UE detect a DCI format 0-1, 0-2, 1-1 and 1-2 and the value for PDCCH adaptation bit value is set to ‘01’, ‘10’, ‘11’.  
· When timer is configured, the timer value should be larger than T1/T2, to avoid timer expires during PDCCH skipping.  
Proposal 4: Do not support case 5, 3 SSSG switching and skipping
Proposal 5: When PDCCH monitoring adaptation is triggered by DCI format 1-1 and 1-2, application delay applies after the last OFDM symbol of ACK transmission.  
Proposal 6: When PDCCH monitoring adaptation is triggered by DCI format 0-1 and 0-2, application delay applies after the last OFDM symbol of PUSCH transmission when drx-RetransmissionTimerUL is not configured or longer than a threshold. 
Proposal 7: When PDCCH monitoring adaptation is triggered by DCI format 0-1 and 0-2, application delay applies after drx-RetransmissionTimerUL expires if drx-RetransmissionTimerUL is configured and less than a threshold.
Proposal 8: Pswitch is required every time SSSG switching happens. For   Pswitch time follows the current working assumption agree in >52.6GHz WI [1].  
	
	Minimum  value for UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320



Proposal 9: For DCI based PDCCH monitoring adaptation, the adaptation is applied to all CCs within a RRC configured CC group.  
Proposal 10: At least one non-scheduling DCI format should be supported to enable DCI based PDCCH monitoring adaptation. 
Proposal 11: For PDCCH based adaptation using non-scheduling DCI, enable DCI format 1-1 with triggering bits per cell group.   
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