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Introduction
RAN1 and RAN2 has been working SCell dormancy for some time and reached a number of agreements enabling some initial discussions in RAN4. In RAN4#94 meeting RAN4 had the initial discussions related to dormancy SCell resulting in the agreed WF [1]. Further discussions in RAN4#94bis resulted in some additional agreements captured in [2]. In this paper we take the discussion further based on the agreements and propose how the UE requirements should be.
Discussion
The agreements in RAN4#94 meeting related to dormancy SCell were:
RAN4 to define UE requirements for:
· BWP switch delay from dormancy to non-dormancy
· BWP switch delay from non-dormancy to dormancy
RAN4 to define UE dormancy switch delay requirements for:
· DCI based switch
· Timer based switch
RAN4 defines UE dormancy switch delay requirements for:
· Scheduled DCI dormancy switch indication
· Non-scheduled dormancy switch indication
· WUS indicated dormancy switch indication
Additionally, it was agreed to focus on defining requirements for a single SCell dormancy requirements.
In the RAN4#94bis meeting following open items were listed to be further discussed:
· Switching delay from dormancy to non-dormancy
· Including conditions under which switching can be faster than in the baseline
· Including whether to consider CSI reporting on top of the BWP switching delay
· Switching delay from non-dormancy to dormancy
· Including conditions under which switching can be faster than in the baseline
· Interruption at switching from non-dormancy to dormancy
· Interruption at switching from dormancy to non-dormancy
· Measurement requirements during SCell dormancy
· Interruptions due to measurements during SCell dormancy

BWP switch delay
An activated SCell can be in dormancy or non-dormancy. The change between dormancy and non-dormancy and non-dormancy and dormancy is done by indication and timer. The actual realization of dormancy is done by network configuring the UE with a dormancy BWP (and at least one other non-dormancy BWP), and the change between dormancy/non-dormancy is then done as a switch between the BWPs.
Based on this RAN4 agreed to define the in and out of SCell dormancy switch delay requirements based on the BWP switch delay framework as captured in the agreements above.
Next step is now to discuss the actual BWP switch delay requirements when the BWP switch is due to dormancy control. In last meeting RAN4 agreed following:
· RAN4 develops generic requirements using Rel-15 BWP switching delay requirements as baseline
Hence, baseline is using the delay requirements in table 8.6.2-1:
Table 8.6.2-1: BWP switch delay
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Based on the discussions in RAN1 we observe that existing control means for BWP switch also apply for dormancy BWP switch. Hence, RRC based dormancy BWP switch is not precluded.
RRC based dormancy BWP switch is not precluded.
It is probably fair to assume that the existing BWP switch delay framework from section 8.6 can be readily re-used without any changes. This applies for both switching from non-dormancy to dormancy and from dormancy to non-dormancy. 
[bookmark: _Hlk40457856]BWP switch delay from section 8.6 can be re-used without changes.
Switch from non-dormancy to dormancy follow the BWP switch delay as in table 8.6.2-1.
Switch from dormancy to non-dormancy follow the BWP switch delay as in table 8.6.2-1.
There is no need to introduce CSI reporting delay as it is known by network when UE is ready to be scheduled after a BWP switch. Additionally, the UE is required to perform regular measurements on a dormancy SCell (as discussed in section 2.3).
No CSI reporting is considered in the dormancy/non-dormancy switch delay.
3 different scenarios were discussed in last meeting related to BWP switch delay:
· Scheduled DCI dormancy switch indication
· Non-scheduled dormancy switch indication
· WUS indicated dormancy switch indication
As such we see that BWP switch delay for scheduled and non-scheduled DCI dormancy switch delay would be covered by the DCI BWP switch delay requirement as proposed above. 
However, for the WUS indicated BWP switch delay there should be no visible BWP switch delay on network side if the WUS is received at least a ‘BWP switch delay’ before reception time of the dormancy to non-dormancy switch e.g. the DRX On-Duration.
WUS based dormancy BWP switch does not lead to visible switch delay provided the WUS is received early enough before On-duration.
One question raised is whether Type-1 switch delay can always applicable as dormancy switch delay, or whether Type-2 BWP switch delay is also allowed. And if Type-2 delay is allowed would there be conditions where a Type-2 BWP switch delay UE could perform dormancy switch delay shorter than Type-2?
In general, as there has not been enforced any limitations in RAN1 or RAN2 on which parameters can be changed in a dormancy BWP part compared to the non-dormancy BWP, worst-case assumption would be the same as assumed when developing the BWP switch delay requirements: all parameters may change. If this assumption is correct it is safe to assume that the existing UE BWP switch delay capability (Type-1 or Type-2) applies also for switch delays between non-dormancy/dormancy.
However, if the dormancy/non-dormancy BWPs part switch only differs e.g. by whether PDCCH is received or not, it is expected that a Type-1 BWP switch delay would be feasible even for a BWP Type-2 delay UE.
If dormancy change only implies change of PDCCH reception status Type-1 BWP switch delay should be feasible for all UEs.
Additionally, if the dormancy switch only implies a change in whether UE receives PDCCH or not, one could expect that the switch delay could be even shorter than the current Type-1 delay for SCS type 1, 2 or 3.
If dormancy change only implies change of PDCCH reception status BWP switch delay shorter than current Type-1 delay seems feasible for SCS type 1, 2 or 3.
Under the assumption that only PDCCH reception is the differentiating factor between dormant and non-dormant BWP, it is expected that it is possible for the UE to perform a dormancy/non-dormancy switch faster than within a slot, assuming UE RF is already active.
If PDCCH reception is the differentiating factor between dormant and non-dormant BWP, switch delay is shorter than 1 slot.
Additionally, we also expect that if only some measurement configurations changes and no parameters impacting the RF, a shorter switch delay can be achieved. However, a generic agreement is needed concerning the exact conditions which would lead to a shorter UE dormancy BWP switch requirement delay - Type-x (x could be 1). Such conditions would then applicable for all UEs and all UEs shall support the shorter switch delay if the conditions are fulfilled. 
A shorter dormancy BWP switch delay, Type-x (x could be 1), can be introduced.
However, this short BWP switch delay Type-x needs to be introduced under the assumption that all devices shall support such switch delay when the applicable conditions are fulfilled. 
The new short dormancy BWP switch delay Type-x is introduced and is mandatory for all devices.

Interrupts due to BWP Switch
RAN4 would need to discuss two types of interrupts:
· interruptions due to SCell BWP switch (this section)
· interruptions due to turning on/off the receiver of the dormancy SCell for measurements (next section).
Interruptions due to Active BWP switching Requirement
In general, we think the existing requirements can apply. However, the current requirement states:
The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2.
Which makes it difficult for the network to know when the interrupt of length X occur during the BWP switch delay. Hence, we propose the define more specifically when the interrupt X would happen.
Define when, during the BWP switch delay, the interrupt X would happen.
We would expect this switch interrupt to happen at the same when the UE initiates the actual BWP switch. Hence, the BWP switch requirements can be used. For both DCI based and timer-based BWP switch the current requirement states:
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after the beginning of DL slot n+ TBWPswitchDelay.
We propose that any interrupt due to BWP switch shall happen when UE receives the BWP switch request in slot n.
Any interrupt due to BWP switch shall happen when UE receives the BWP switch request in slot n.

Measurement requirements during SCell dormancy
Listing the very basic requirements assumed for a dormancy SCell by RAN1 and RAN2:
· An SCell in dormancy is not deactivated
· The UE stops monitoring PDCCH on SCell
· The UE continue performing:
· CSI measurements, 
· AGC, and 
· beam management, if configured
This means that a dormancy SCell, because it is regarded as in activated state, it follows the PCell DRX rules. As the dormancy SCell is activated it naturally follows the active SCell measurement requirements. 
Additionally, as the UE shall perform CSI measurements, track the AGC continuously and perform measurements enabling beam management, the UE would need to track the timing of the SCell as well as for an activated SCell.
[bookmark: _Hlk40457957]The dormancy SCell is activated. 
UE measurement requirements for a dormancy SCell are the same as activated SCell measurement requirements.
Which also means that the UE time tracking of a dormancy SCell is expected to be as good as for activated SCell.
UE time tracking of a dormancy SCell is assumed as good as for an activated SCell.
These observations and functionality are important when discussing the switch delay when switching from dormancy to non-dormancy, as this means that the UE does not need any additional time tracking during the dormancy/non-dormancy switch. Hence, from time and frequency tracking point of view there is no additional delay, compared to existing BWP switch delay.

Interruptions due to measurements during SCell dormancy
RAN1 has not discussed the aspect of allowing UE to turn on/off the receiver during SCell dormancy. However, it can be recognized that in order to enable any real UE power saving in via dormancy SCell on UE side, this would be needed.
[bookmark: _Hlk32483577]However, turning on/off a UE receiver while having other active reception or transmission can introduce interruption to those. Hence, there is an impact on the system and a possible loss of data. In the former section we discussed the measurement requirement for n SCell in dormancy.
As the SCell in dormancy is activated and DRX on an activated SCell follows the DRX of the PCell – the receiver on the dormancy SCell is assumed on when reception is active on other active cells (PCell and SCells). Hence, baseline is that there will be no interruptions caused by a dormancy SCell due to turning on/off the dormancy SCell receiver.
However, as the UE does not need to receive the PDCCH on the dormancy SCell there could be time where the UE dormancy SCell receiver is active for no reason – and this would cause unnecessary power consumption on UE side.
As listed, the UE is required to continue to perform CSI measurements, AGC and BM on the dormancy SCell following activated SCell requirements. Fulfilling these requirements means that the UE must actively receive and measure on the dormancy SCell with some periodicity based on the dormancy BWP configuration and PCell DRX state.
The PCell DRX state will define the UE minimum measurement requirements on the dormancy SCell in a similar manner as when the dormancy SCell is not in dormancy.
To balance the system impact and the UE power consumption we propose to allow UE a reasonable number of interruptions due to dormancy SCell measurements. 
It needs to be discussed what is a reasonable interruption rate compared to the UE power saving. If the interrupt impact on the data transmission is too high this could limit the practical usage of the dormancy feature. It does not seem attractive from network point of view if the interruption impact becomes measurable on the data TP and hence impacts the system performance. 
We suggest as a starting point to use the existing requirements for interruptions on PCell due to measurements when an SCell is deactivated.
UE is allowed a defined amount of interrupts due dormancy SCell measurements.
Use the existing requirements for interruptions on PCell due to measurements when an SCell is deactivated.


Conclusion
In this paper we continued the discussion related to UE requirement for dormancy SCell based on the agreement in last meeting [2]. 
1. RRC based dormancy BWP switch is not precluded.
1. BWP switch delay from section 8.6 can be re-used without changes.
Switch from non-dormancy to dormancy follow the BWP switch delay as in table 8.6.2-1.
Switch from dormancy to non-dormancy follow the BWP switch delay as in table 8.6.2-1.
No CSI reporting is considered in the dormancy/non-dormancy switch delay.
WUS based dormancy BWP switch does not lead to visible switch delay provided the WUS is received early enough before On-duration.
If dormancy change only implies change of PDCCH reception status Type-1 BWP switch delay should be feasible for all UEs.
If dormancy change only implies change of PDCCH reception status BWP switch delay shorter than current Type-1 delay seems feasible for SCS type 1, 2 or 3.
If PDCCH reception is the differentiating factor between dormant and non-dormant BWP, switch delay is shorter than 1 slot.
A shorter dormancy BWP switch delay, Type-x (x could be 1), can be introduced.
The new short dormancy BWP switch delay Type-x is introduced and is mandatory for all devices.
Define when, during the BWP switch delay, the interrupt X would happen.
Any interrupt due to BWP switch shall happen when UE receives the BWP switch request in slot n.
The dormancy SCell is activated. 
UE measurement requirements for a dormancy SCell are the same as activated SCell measurement requirements.
UE time tracking of a dormancy SCell is assumed as good as for an activated SCell.
UE is allowed a defined amount of interrupts due dormancy SCell measurements.
Use the existing requirements for interruptions on PCell due to measurements when an SCell is deactivated.
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