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1. Introduction

In last RAN1 and RAN2 meetings, some agreements about DCI with CRC scrambled by PS-RNTI (DCP) had been made in [1-2]. 
Agreements

1
RAN2 confirms that the flags ps-TransmitPeriodicL1-RSRP and ps-TransmitPeriodicCSI are defined per cell group 

2
The flags ps-TransmitPeriodicCSI and ps-TransmitPeriodicL1-RSRP are independent, and it is possible to control UE to report all types of periodic CSI apart from L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP) 
3
The flag ps-TransmitPeriodicCSI  is renamed to ps-TransmitOtherPeriodicCSI

Agreements 

1    RAN2 to send an LS to RAN1 to clarify UE behaviour when DCP overlaps with RAR with C-RNTI. 

2     When configured with multiple DCP monitoring occasions, UE behaviour when some DCP monitoring occasions overlap with active time or measurement gap or BWP switching, but at least one DCP monitoring occasion does not, will be further addressed by RAN1, if necessary. 

In this contribution, we will focus on the following open issues and provide our views on these issues:
- Whether DCP applies to short DRX?
- MAC DCP modelling based on latest RAN1 reply LS; 

- Coexistence of DRX groups and Power Saving features.
2. Discussion
2.1. Whether DCP applies to short DRX

In the latest reply LS [3], RAN1 emphasis the previous working assumption that PDCCH-WUS is not applicable for short DRX cycle if both long and short DRX cycles are configured for the UE still stands.
	1. Overall Description:

RAN1 would like to thank RAN2 for the LS on WUS for short DRX in R1-1911500 (R2-1914060). RAN1 had discussed the technical feasibility and benefit of WUS for short DRX.
The following opinions were expressed (not necessary exhaustive)
· 1st opinion:

· No RAN1 spec impacts were identified 

· 2nd opinion: Potential RAN1 spec impacts 

· Whether SearchSpace could be used for short and long DRX

· Whether one PS_offset could be configured for short and long DRX

· Whether UE procedures with dynamic triggering of short DRX 

RAN1 can not reach consensus on whether or not there is benefit, technical feasibility concern, or RAN1 spec impact of introducing WUS for short DRX.   RAN1’s working assumption as communicated in LS R1-1911475 that WUS is not applicable for the short DRX cycle If both long and short DRX cycles are configured for the UE still stands.



In current endorsed CR for TS38.213, PDCCH-WUS only applies to long DRX cycle:

-
a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 

-
the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the ‘PDCCH monitoring’ bit is ‘0’, and

-
the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the ‘PDCCH monitoring’ bit is ‘1’
From our view, PDCCH-WUS can not be applicable for short DRX cycle in Rel-16 due to the following reasons:

· RAN1 has no consensus on whether or not there is benefit, technical feasibility concern, or RAN1 spec impact of introducing WUS for short DRX;   
· RAN1 has finished their power saving R16 WID and no time for further discussion and decision on open issues (other than issues related to CR implementation);

· This is not a RAN2 only feature and can not work without RAN1 support;

· From RAN2 point of view, not all of companies support to introduce PDCCH WUS for short DRX (almost half to half); 

· If needed, future release for Power Saving may have enough time to discuss and finish this function;

Hence we propose:

Proposal 1: RAN2 to confirm RAN1 decision that PDCCH-WUS is not applicable for Short DRX cycle in Rel-16.
Furthermore, if the proposal 1 is agreeable, we need further to clarify that the conclusion includes the following two points:

Point 1: Only PDCCH-WUS before onDuration timer of long DRX cycle is supported and configured;

Point 2: When UE is in short DRX cycle, no PDCCH-WUS needs to be detected. The illustration figure is shown in following:
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Figure 1 PDCCH-WUS impact on Short DRX cycle

Proposal 2: PDCCH-WUS only locates before onDuration timer for long DRX cycle and no PDCCH-WUS needs to be detected when UE is in short DRX cycle.
2.2. MAC DCP modelling
In last RAN2#109 meeting, RAN2 sent to RAN1 an LS on DCP regarding the MAC-PHY interactions for DCP monitoring and the start of drx-onDurationTimer. RAN1 had responded the LS:
	1. Overall Description:

RAN1 would like to thank RAN2 on the LS on DCP regarding the MAC-PHY interactions for DCP (DCI with CRC scrambled by PS-RNTI) monitoring and the start of drx-onDurationTimer.  RAN1 had discussed the MAC-PHY interaction for DCP with the following agreements in physical layer procedure of DCI format 2_6 detection.

L1 procedure of DCI format 2_6 detection

· Successful decoding of DCI format 2_6

· L1 sends a positive indication to MAC when the value of wakeup indication bit is “1” 

· L1 sends a negative indication to MAC when the value of wakeup indication bit is “0”

· Miss-detection - all CRC checks fails on DCI format 2_6 

· L1 does not send any indication to MAC

· All invalid monitoring occasions – following legacy behavior to wake up

· L1 sends a positive indication to MAC

Text proposal of CR to TS38.213 of the above physical layer procedure were also agreed.  




According to the above agreements, the MAC-PHY interactions and corresponding MAC behaviors about DCP can be summarized as followings:
	Scenarios
	PHY indication to MAC
	The behaviors of MAC entity 

	Successful decoding of DCP and the value of wakeup indication bit is "1"
	Send a positive indication to MAC
	Start drx-onDurationTimer

	All invalid monitoring occasions – following legacy behavior to wake up
	
	

	Miss-detection - all CRC checks fails on DCP
	Not send any indication to MAC
	ps-Wakeup is configured with value true
	

	
	
	else
	Not start drx-onDurationTimer

	Successful decoding of DCP and the value of wakeup indication bit is "0"
	Send a negative indication to MAC
	


That is to say, in following cases MAC entity will receive indication to start drx-onDurationTimer:
-  if DCP Wake-up indication value ‘1’  associated with the current DRX Cycle received from lower layer when the value of DCP indicator bit is "1";(Note: this is the condition 1 in PHY)
-  if DCP Wake-up indication value ‘1’  associated with the current DRX Cycle received from lower layer upon all invalid monitoring occasions;( Note: this is the condition 2 in PHY)

- if ps-Wakeup is configured with value true and DCP Wake-up indication associated with the current DRX Cycle has not been received from lower layers. (Note: this is the condition 3 in PHY)
Current MAC spec is as followings:

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
if DCP is configured for the active DL BWP:

3>
if DCP indication associated with the current DRX Cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6] (Note: this is the condition 1 in MAC); or

3>
if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX Cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or within BWP switching interruption length, or during a measurement gap (Note: this is the condition 2 in MAC); or

3>
if ps-Wakeup is configured with value true and DCP indication associated with the current DRX Cycle has not been received from lower layers (Note: this is the condition 3 in MAC):

4>
start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.

Based on the understanding above, Condition 3 in MAC is aligned totally with Condition 3 in PHY. Both Condition 1 in PHY and Condition 2 in PHY are included in Condition 1 in MAC. But Condition 2 in MAC is one of use cases for Condition 2 in PHY.
In TS38.213, the latest TP on invalid DCP MO (Monitoring Occasions) is as following:
	If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-     is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10, 11.1, 12, and in Clause 5.7 of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-     does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall send the Wake-up indication value “1” to higher layers start the drx-onDurationTimer for the next DRX cycle.


From our understanding, invalid DCP MO due to overlap with active time, BWP switching and measurement gap can be captured in MAC spec, i.e. similar as current condition 2 in MAC. And the rest of invalid DCP MO cases can be captured in PHY spec and the UE shall send the Wake-up indication value "1" to higher layers, i.e. update condition 2 in PHY to remove the invalid DCP MO cases captured in MAC. Hence in these rest invalid cases, condition 1 in MAC will be achieved and drx-onDurationTimer shall be started.
Proposal 3: RAN2 to discuss whether alignment between PHY and MAC about invalid DCP MO is needed:

- TS 38.213 to remove the invalid DCP MO cases captured in MAC (Condition 2 in MAC).
2.3. Coexistence of DRX groups and Power Saving features 

RAN2 has the intention to introduce secondary DRX groups under TEI16 and sends LS [4] to check the impacts to RAN1 and RAN4. In last RAN1 100e meeting, consensus on no impacts on RAN1 had not been reached. Besides, our contribution [5] had analyzed the impacts on DCP after introducing secondary DRX groups. If DCP and secondary DRX groups are not configured simultaneously, they can work well separately. Otherwise, the following issues needed to be handled:

· Issue 1: Whether DCP is only monitored on Pcell?

· Issue 2: Whether DCP can control both DRX groups or only control primary DRX group (i.e. the group with Pcell)?
· Issue 3: How to decide DCP occasion overlapping with active time, e.g. considering active state in one group or two groups?

· Issue 4: How to monitor DCP occasion when two DRX groups are in different DRX cycle, e.g. one in long cycle and the other in short cycle?

· Issue 5: How to handle Scell dormancy indication in DCP with secondary DRX group?
In Rel-16, there is not enough time to discuss and solve the above issues. Hence, we propose:
Proposal 4: In Rel-16, DCP is not configured simultaneously with secondary DRX group. 

3. Conclusion

In this contribution, we discussed remaining issues for DCP and MAC DCP modeling. Based on the discussion, we have the following proposals:
Proposal 1: RAN2 to confirm RAN1 decision that PDCCH-WUS is not applicable for Short DRX cycle in Rel-16.

Proposal 2: PDCCH-WUS only locates before onDuration timer for long DRX cycle and no PDCCH-WUS needs to be detected when UE is in short DRX cycle.

Proposal 3: RAN2 to discuss whether alignment between PHY and MAC about invalid DCP MO is needed:
- TS 38.213 to remove the invalid DCP MO cases captured in MAC (Condition 2 in MAC).

Proposal 4: In Rel-16, DCP is not configured simultaneously with secondary DRX group. 
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5. Appendix - TP for TS38.213

TP for Clause 10.3 of TS38.213
	1)     a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where L1 reports the value of the Wake-up indication bit decoded from DCI format 2_6 to higher layers [14, TS38.321] for the next DRX cycle.”

-    the UE may not start the drx-onDurationTimer sends the no-Wake-up indication value ‘0’ to higher layers for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-    the UE starts the drx-onDurationTimer sends the Wake-up indication value ‘1’ to higher layers for the next long DRX cycle when a value of the Wake-up indication bit is '1'

<text omitted>
 
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
 
-     if the UE is provided ps-WakeupOrNot, the UE does not send the Wake-up indication to higher layers  is indicated by  when ps-WakeupOrNot  is set to true- whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-    if the UE is not provided ps-WakeupOrNot the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle.
 
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-     is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10, 11.1, 12, and in Clause 5.7 of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-     does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall send the Wake-up indication value “1” to higher layers start the drx-onDurationTimer for the next DRX cycle.
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