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In RAN1#100b-e, some remaining issues on PDCCH based power saving signal was discussed, and the following working assumption and agreements were made [1]:
	Agreements:
· UE does not expect to receive different Wake-up indications for the UE or different dormancy indications for the UE from the DCI formats 2_6 for the next DRX cycle.

working assumption:
1. The value of minimum time gap is decoupled with SCell dormancy indication.  
1. Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,
	 SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24



Agreements:  L1 procedure of DCI format 2_6 detection
0. Successful decoding of DCI format 2_6
0. L1 sends a positive indication to MAC when the value of wakeup indication bit is “1” 
0. L1 sends a negative indication to MAC when the value of wakeup indication bit is “0”
0. Miss-detection - all CRC checks fails on DCI format 2_6 
0. L1 does not send any indication to MAC
0. All invalid monitoring occasions – following legacy behavior to wakeup
0. L1 sends a positive indication to MAC

Agreements:
 Rel-16 L1-SINR is supported to be configured by higher layer whether or not to send the periodic report when drx_OnDurationTimer does not start
  
Agreements:
 Rel-16 L1-SINR uses existing RRC parameter ps-TransmitPeriodicCSI



This contribution discusses the minimum time gap values and related UE behavior when SCell dormancy indication is configured.
Remaining issues related to DCI format 2_6
Consideration on minimum time gap values
In RAN1#100b-e, the value of minimum time gap during which the DCI format 2_6 is not required to be monitored before the start of the drx-onDurationTimer is discussed, and a working assumption was made to decouple the minimum time gap and SCell BWP switching delay. Since the capability of BWP switching delay has already been defined in NR Rel-15, we think the first bullet of working assumption is reasonable.
Proposal 1. Confirm the first bullet of the working assumption made in RAN1#100b-e that the value of minimum time gap is decoupled with SCell dormancy indication.

Regarding the second bullet of the working assumption for the exact values of minimum time gap, there are two types of UE capability corresponding to two different values of minimum time gap per SCS based on the assumption that PDCCH carrying DCI format 2_6 can be transmitted at any symbol of the slot. Therein, the Value 1 is for the UE with full capability which share the similar processing implementation of normal PDCCH transmitted in the active time, while the Value 2 is to allow some UE implementation to utilize a potential lower power consumption receiver (e.g. lower chip voltage) for WUS detection with a longer transition time.
Considering the minimum time gap is defined as the slot offset from the end of the slot where the potential last DCI format 2_6 monitoring occasion coincides to the start of the slot where the drx-onDurationTimer starts, the actual processing time for WUS would be the value in the table plus 1 additional slot for the case when PDCCH carrying WUS is configured at the first three symbols of a slot. Therefore, for the Value 1 in the table, the (1, 1, 1, 2) slots from the working assumption corresponds to about (2, 2, 3, 4) slots delay for UE processing. It is unnecessarily large and waste power consumption for a full capability type of UE. As illustrated in Figure 1, if the WUS is transmitted in the first three symbols of the slot of the last monitoring occasion, the UE with full capability can successfully decode WUS and transit to normal PDCCH detection state in one or serval symbols. After the WUS has been decoded, the UE has to transit to sleep state with additional energy overhead until the start of drx-onDurationTimer, or maintain the unnecessarily higher power consumption for several slots. It can be seen that if the minimum time gap is larger than zero, no matter what implementation the UE uses, additional power consumption and delay is introduced. On the other hand, the extra slots increase the difficulty for the gNB to predict the incoming traffic, which might impact the feasibility for gNB to utilize the WUS feature.  Instead, zero time gap (at least for 15 and 30kHz SCS) seems more applicable since the UE can finish WUS processing in the same slot of WUS transmission and is more acceptable to gNB implementation, in case of PDCCH case 1-1.
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Figure 1. [bookmark: _Ref40457210][bookmark: _Ref39847597]UE behavior when WUS is transmitted in the first three symbols of the slot of the last DCI format 2_6 monitoring occasion
There might be concern that the network should have the flexibility to configure a search space set for DCI format 2_6 to be monitored in the symbols other than the first three symbols. In this case, if zero minimum time gap value is applied, a UE might have insufficient time for WUS detection when DCI format 2_6 has been configured in the last symbols of a slot. However as agreed in RAN1#91 and RAN1#93, the support of Type 3 CSS, on which the PDCCH of DCI format 2_6 is transmitted, on any span of up to 3 consecutive symbols (also known as PDCCH Case 2 which is described as the UE capability parameter pdcch-MonitoringAnyOccasions in section 4.2.7.5 in [2]) is an optional feature for UE, and by default a UE does not report this parameter and only supports Type 3 CSS to be configured at the first three symbols of a slot. Therefore the Value 1 of the table in the working assumption seems to be more proper for UEs with capability of PDCCH Case 2. For UEs without the reporting the parameter of pdcch-MonitoringAnyOccasions, as analysis above, the current Value 1 introduces one extra slot transition time from WUS processing to normal PDCCH monitoring. It is inappropriate to cater a small number of UEs’ capability and to force the default capability type of UEs to suffer unnecessary delay with potential higher power consumption. Therefore, it would be better to distinguish the shorter minimum time gap based on the reported PDCCH monitoring capabilities by UE.  That is, for a UE which has not reported the pdcch-MonitoringAnyOccasions, the Value 1 of minimum time gap should be regarded as (0, 0, 1, 2) slots for (15, 30, 60, 120) kHz respectively, which can minimize the unnecessary time duration before the active time; otherwise for a UE which has reported the pdcch-MonitoringAnyOccasions, the Value 1 of minimum time gap should be regarded as (1, 1, 1, 2) slots for (15, 30, 60, 120) kHz respectively, which insures the UE has sufficient time to finish WUS detection regardless of WUS transmitting symbols. 
Table 1. A profile of downlink capability parameters in TS38.306[2]
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	pdcch-MonitoringAnyOccasions
Defines the supported PDCCH search space monitoring occasions. withoutDCI-gap indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot for Type 1-PDCCH common search space configured by dedicated RRC signaling, for a Type 3-PDCCH common search space, or for a UE-specific search space with the capability of supporting at least 44, 36, 22, and 20 blind decodes in a slot for 15 kHz, 30 kHz, 60kHz, and 120 kHz subcarrier spacing values respectively. withDCI-gap indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation of two OFDM symbols for 15 kHz, four OFDM symbols for 30 kHz, seven OFDM symbols for 60 kHz with NCP, and 14OFDM symbols for 120kHz between two consecutive transmissions of PDCCH scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI for Type 1-PDCCH common search space configured by dedicated RRC signaling, for a Type 3-PDCCH common search space, or for a UE-specific search space, with the capability of supporting at least 44, 36, 22, and 20 blind decodes in a slot for 15 kHz, 30 kHz, 60kHz, and 120 kHz subcarrier spacing values respectively.
	FS
	No
	No
	No


[bookmark: _Ref36728682][bookmark: _Ref129681832]
For the Value 2 of minimum time gap, the value in the working assumption is aligned with the maximum candidate value agreed in RAN1#99 which identically equals to 3ms for any SCS. However, a number of companies showed concern in RAN1#100b-e that the current Value 2 is even larger than the Type 2 BWP switching delay defined in TS 38.133 [3]. Furthermore, it should be noticed that the BWP switching delay has also included the first DL or UL slot in the new BWP, meanwhile the minimum time gap only calculates the interval between DCI format 2_6 monitoring occasion and the start of the ON duration. Consequently, the actual transition time from WUS detection to the start of drx-onDurationTimer determined by Value 2 of minimum time gap is larger than a Type 2 BWP switching delay. As a compromise, from our point of view, shorter time gap seems reasonable. 1ms is acceptable for the most cases.
Proposal 2. The values of minimum time gap during which the detection of DCI format 2_6 is not required prior to the start of ON Duration Timer are determined per SCS according to the reported capability of UE as the following table.
	[image: ]
	NR Slot length (ms)
	Capability Type 1
	Capability Type 2

	
	
	UE not report pdcch-MonitoringAnyOccasions
	UE reports pdcch-MonitoringAnyOccasions
	

	0
	1
	0
	1
	1

	1
	0.5
	0
	1
	2

	2
	0.25
	1
	4

	3
	0.125
	2
	8



UE behavior when dormancy indication is configured
As the working assumption made in RAN1#100b-e, if a DCI format 2_6 indicates a BWP switching due to dormancy adaptation in one of the several monitoring occasions of DCI format 2_6, the reported minimum gap (both value 1 and value 2) may be smaller than the BWP switching delay reported by the UE. In this case, it needs further discussion to specify when the UE start to do the BWP switching.
Some further discussion is provided as following, and three alternatives are proposed to be discussed by the group.
Alternative 1: UE triggers BWP switching right after the slot where the last monitoring occasion coincides. 
A straight forward way is to keep the monitoring window defined by the ps-offset and reported monitored time gap X. That is, the UE detects DCI format 2_6 in the monitoring occasions, which are after the ps-offset ms and prior to the start of X slots before the start of ON Duration, regardless whether SCell dormancy adaptation is indicated in the DCI format 2_6. Both the minimum time gap values and the type of BWP switching delay are reported as UE capability. Therefore, the network can do proper handling of BWP switching on SCell even if the BWP switching delay would partially or fully overlap with the ON duration timers. The network can always decide not to trigger the dormancy change if the BWP switching would overlap with the ON duration timer.
On the other hand, the network can also notify UE wake-up and indicate a dormancy change in the last monitoring occasion for DCI format 2-6, while the UL/DL scheduling would be delayed until UE finishes the dormant/non-dormant transition in the Active time. 
Alternative 1 seems have little specification impact, however, it may need gNB to handle the collision of BWP switching and the ON duration, which may have loss of scheduling flexibility and latency.
[image: clip_image002]
Figure 1. UE triggers BWP switching right after the slot where the last monitoring occasion coincides.
Alternative 2: revise definition of the end of the monitoring window to consider the BWP switching delay when the dormancy indication is configured.
Another way is to revise the definition of the end of the monitoring window to consider the BWP switching delay when the dormancy indication is configured. 
As an example, when dormancy indication is not configured for a UE, the end of the monitoring window is still based on the reported minimum gap X as specified currently in TS 38.213. 
When the UE is configured with the dormancy indication bit, the end of the monitoring window is determined according to the value of max(reported minimum_gap, reported BWP_switching_delay), where the minimum_gap and BWP_switching_delay are the reported minimum time gap value and application delay for dormancy/non-dormancy transition respectively. If multiple activated SCells of different SCS is configured with dormancy behavior, the BWP_switching_delay is determined by the largest application delay among all the SCells indicated by the DCI format 2_6. The UE is not required to monitor DCI format 2_6 after the time point which is max(reported minimum_gap, reported BWP_switching_delay) prior to the beginning of the ON duration. 
Figure 2 illustrates the consideration of Alternative 2. It may be observed that this option may introduce some specification impact and can avoid the impact on the transmission of scheduling DCI during the ON Duration. However, it may reduce the number of monitoring occasions to send the DCI format 2_6, which may also limit the flexibility of the network to indicate WUS and dormancy indication. 
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Figure 2. [bookmark: _Ref36720431]monitoring window is determined according to the value of max(reported minimum_gap, reported BWP_switching_delay)
Alternative 3: UE ignores the dormancy indication bits if a DCI format 2_6 is received on a monitoring occasion partially or fully overlapping with the time location which is BWP switching delay prior to the ON duration.
To avoid the impact on the network flexibility to indicate wake-up, UE shall monitor the monitoring occasions during the monitoring window defined by ps-offset and the reported minimum gap. However, the dormancy indication bit of a SCell group shall be ignored if the indication is carried by a DCI format 2_6 detected in a monitoring occasion partially or fully overlapping with the time location, which is determined by the reported BWP switching delay prior to the ON duration. 
Figure 3 shows the principle of Alternative 3. This shall not impact the WUS indication bit and therefore gives the network more flexibility to transmit WUS indication. For the specification impact, there is no need to change the UE behavior regarding how to monitor DCI format 2_6 before the ON duration and may just specify in TS 38.213 that the dormancy indication bit shall be ignored if received after the time, which is BWP switching delay prior to the ON duration.
[image: ]
Figure 3. [bookmark: _Ref36720447]UE ignores the dormancy indication bits if a DCI format 2_6 is received after the dormancy application delay in the monitoring range
The pros and cons of the three alternatives are summarized in Table 2. The Alternative 1 and Alternative 3 are more preferred compared with Alternative 2, considering either minimized specification change or better flexibility for network can be obtained respectively. 
Proposal 3. Further discuss and narrow down between Alt.1, Alt.2 and Alt. 3 for UE behaviour when dormancy indication is configured.

Table 2. [bookmark: _Ref36720539]Comparison the alternatives for UE behavior when dormancy indication is configured
	
	Pros
	Cons

	Alternative 1
	· No change on the definition of monitoring window
· Minimum specification impact
	· gNB needs to handle the collision of BWP switching and the ON duration.
· Have impact on scheduling flexibility and effective ON Duration length.

	Alternative 2
	· Can avoid the impact on the transmission of scheduling DCI during the ON Duration
	· Require the revision on the monitoring window for DCI format 2_6 when dormancy indication is configured.
· The number of available monitoring occasions would be reduced

	Alternative 3
	· No change on the definition of monitoring window and monitoring behaviour of UE
· No flexibility loss on wake-up indication
· No flexibility loss on transmitting scheduling DCI during ON duration
	· Some specification change is expected in TS 38.213.



Clarification on UE RRM measurement
When DCI format 2_6 is configured, it has been agreed that UE RRM measurement is not impacted by DCI format 2_6 and the corresponding modifications in TS 38.214 have been adopted, as given below.

	5.1.6.1.3	CSI-RS for mobility
< Unchanged text is omitted >
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
< Unchanged text is omitted >



However, the current description is unclear. It is known that the drx-onDurationTimer may or may not be started based on the detection of DCI format 2_6. When the drx-onDurationTimer is started, the active time will include the time duration indicated by drx-onDurationTimer. Therefore, the current description of “during the active time and during the timer duration indicated by drx-onDurationTimer” is not clear enough and may cause misunderstanding that it is unnecessary to include the wordings of “and during the time duration indicated by drx-onDurationTimer”. Since the original intention is to specify that UE is still required to perform RRM measurements during the time duration indicated by drx-onDurationTimer when drx-onDurationTimer is not started, which should be the time duration outside the active time, so it is proposed to revise the wordings as in the following TP, which uses similar description for CSI measurement and L1-RSRP measurement.
	<----------Text proposal 1----------->
----------------------------------------------- Begin of Text Proposal -----------------------------------------------
5.1.6.1.3	CSI-RS for mobility
< Unchanged text is omitted >
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
< Unchanged text is omitted >
------------------------------------------------ End of Text Proposal -------------------------------------------------



Proposal 4. Adopt TP1 in TS 38.214 to clarify UE behaviour of RRM measurement when DCI format 2_6 is configured.

Conclusions
The contribution focuses on the remaining issues on PDCCH based power saving signal for NR Rel-16. Based on the analysis and discussions, we have the following observation and proposals:
Proposal 1. Confirm the working assumption made in RAN1#100b-e that the value of minimum time gap is decoupled with SCell dormancy indication.
Proposal 2. The values of minimum time gap during which the detection of DCI format 2_6 is not required prior to the start of ON Duration Timer are determined per SCS according to the reported capability type of UE as the following table.
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	NR Slot length (ms)
	Capability Type 1
	Capability Type 2

	
	
	UE not report pdcch-MonitoringAnyOccasions
	UE reports pdcch-MonitoringAnyOccasions
	

	0
	1
	0
	1
	1

	1
	0.5
	0
	1
	2

	2
	0.25
	1
	4

	3
	0.125
	2
	8


Proposal 3. Further discuss and narrow down between Alt.1, Alt.2 and Alt. 3 for UE behaviour when dormancy indication is configured.
Proposal 4. Adopt TP1 in TS 38.214 to clarify UE behaviour of RRM measurement when DCI format 2_6 is configured.
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