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1	Introduction
The design of the MAC CE for the dormant state remains the last larger topic to be finalized for the SCell dormant state.  During RAN2#101bis, progress was made to agree on two alternatives: either 1/4 octet MAC CE or 2/8 octet MAC CE. In this contribution, we discuss how the 1/4 octet MAC CE would work. 
Note: For the duration of this contribútion, we use the terms “short MAC CE” for the 1/4 octet MAC CEs, and “long MAC CE” fopr the 2/8 octet MAC CEs.
2	MAC CE for Dormant State transition 
3.1	Terminology: “Hibernation MAC CE”
The term “hibernate” was agreed in RAN2#101 to be used for the dormant state transitions if needed. Since the current proposal for the MAC CE has been “SCell Dormant state transition MAC CE”, which is quite long, it would be good to adopt the already-agreed term for the MAC CE.
Proposal 1: Use “SCell Hibernation MAC CE” asa the name for the new MAC CE(s).
3.2	Comparison of the design of the MAC CE formats 
The basic difference between the short MAC CE design (see e.g. R2-1804768, R2-1804656, R2-1805828, R2-1804436) and the long MAC CE design (see e.g. R2-1804548, R2-1804680) is how to handle state transitions for multiple SCells: If a MAC CE is only used for changing the state of a single SCell, the short MAC CE is more efficient since it requires less bits, and there is no benefit from the long MAC CE.
Observation 1: If the SCell state is changed for only one SCell at a time, the short MAC CE is more efficient.
Similar observation holds even if the state is changed for multiple SCells, as long as all the SCells either stay in the state they are or move to the same state: For example, if multiple SCells should be moved to dormant, the solution is just to indicate the state for those SCells within the short MAC CE as “dormant”. However, if complex state transitions are desired, e.g. with SCell 1 becoming active, SCell 2 becoming dormant and SCell 3 becoming deactivated, the long MAC CE tends to be clearer since it is possible to clearly state the states of all SCells at once. For the short MAC CE, two simultaneous MAC CEs would be needed for such complex cases. 
Observation 2: If complex SCell state transitions are desired, the long MAC CE is more efficient.
We would note that observation 2 only holds if there are multiple SCells configured and they are all in different states (i.e. mix of deactivated, dormant and activated). However, in practice this is quite unlikely for several reasons:
· Dormant trumps deactivated: If UE supports dormant state, it seems beneficial to keep the SCells always in dormant state rather than in deactivated state (due to the faster activation time)
· Direct configuration is better than unused SCell: If UE supports direct configuration to activated/dormant, the time for having SCell available after configuration is already reduced quite a lot. Therefore, it’s more attractive to deconfigure unused SCells to save in UE power consumption.
· Deconfiguration saves most UE power: If a dormant SCell is inactive for longer period of time, it’s more beneficial to release the SCell rather than push it to deactivated since that saves UE power more than being in deactivated state
· Activated SCells are more important than deactivated SCells: If some SCells are activated, it’s quite unlikely that any other SCells would be kept in either dormant or deactivated state: It’s far more beneficial to just deconfigure them and only keep measuring them via regular inter-frequency measurements.
· Multiple SCells are not very common: It is currently not very common to configure multiple SCells to UE unless they are in activated state, and even then, such an SCell configuration doesn’t typically last for a long time (since the higher the peak data rate, the faster the peak rate data burst is served). While this is likely to change at some point in the future, the same principle still applies: Keeping UE configured with multiple “waiting SCells” is not very efficient from the viewpoint of network resource consumption or of UE power consumption.
Observation 3: The complex state change scenarios are not likely to occur regularly.
Based on these, we think it would make sense to not optimize the cases prematurely and keep the short MAC CE as the primary design option.
Proposal 1: Adopt the short MAC CE (i.e. 1/4 octet MAC CEs) as the design option for euCA.
3.3	Short MAC CE design 
Based on proposal 1, the design of the MAC CEs revolves around the interpretation of the bits in the MAC CE: Since each bit can indicate two values, and (e.g.) value “0” has to indicate the dormant state (to allow state transition into dormant state), the remaining question is: What does the value “1” indicate to the UE? Which state transition does it trigger? 
Observation 4: The meaning of the bit “1” needs to be defined for the short MAC CE.
Since the complex state transition cases might require two MAC CEs to be sent to the UE, with the order ppossibly being mixed, we think that the bit “1” should mean that the SCell should become activated, but ONLY IF the SCell was in dormant state. To illustrate why this is the case, we show in Table 1 5 different use cases for a case with 3 SCells configured so tjhat SCell 1 is in deactivated state, Scell 2 is in dormant state and Scell 3 is in activated state:
1) Activate all SCells
2) Deactivate all Scells
3) Hibernate (i.e. make dormant) all SCells
4) Keep Scell 1 deactivated, activate SCell 2 and hibernate SCell 3 (i.e. switch states of SCells 2&3)
5) Keep Scell 2 dormant, activate SCell 1 and deactivated SCell 1 (i.e. switch states of SCells 1&3)
Table 1 below shows the resulting comparisons of this (with “Ignore” meaning the MAC CE action is not considered valid for the SCell, Activated/Hibernate/Deactivate referring to the corresponding actions, and “no change” referring to no change occurring even though the UE considers the MAC CE action valid).
	Use case
	SCell ID
	Current SCell state
	Desired target SCell state
	MAC CE contents
	Legacy MAC CE decoded first
	New MAC CE decoded first

	
	
	
	
	Legacy MAC CE
	New MAC CE
	
	

	#1: Activate all
	1
	Deactivated
	Activated
	Ac
	Ac
	Activate --> No change
	No change --> Activate

	
	2
	Dormant
	Activated
	Ac
	Ac
	Ignore --> Activate
	Activate --> No change 

	
	3
	Activated
	Activated
	Ac
	Ac
	Activate --> No change
	Activate --> No change

	#2: Deactivate all
	1
	Deactivated
	Deactivated
	De
	Not sent
	Deactivate
	N/A

	
	2
	Dormant
	Deactivated
	De
	
	Deactivate
	

	
	3
	Activated
	Deactivated
	De
	
	Deactivate
	

	#3: Hibernate all
	1
	Deactivated
	Dormant
	Not sent
	Do
	-
	Hibernate

	
	2
	Dormant
	Dormant
	
	Do
	-
	Hibernate

	
	3
	Activated
	Dormant
	
	Do
	-
	Hibernate

	#4: Retain deactivated state of SCell 1, switch state of SCell 2 & 3
	1
	Deactivated
	Deactivated
	De
	Ac
	No change --> No change
	No change --> No change

	
	2
	Dormant
	Activated
	Ac
	Ac
	Ignore --> Activate
	Activate --> 
No change

	
	3
	Activated
	Dormant
	Ac
	Do
	No change --> Hibernate
	Hibernate --> Ignore

	#5: Retain dormant state of SCell 2, switch state of SCell 1 & 2
	1
	Deactivated
	Activated
	Ac
	Ac
	Activate --> No change
	Ignore --> Activate

	
	2
	Dormant
	Dormant
	Ac
	Do
	Ignore --> Hibernate
	Hibernate --> Ignore

	
	3
	Activated
	Deactivated
	De
	Ac
	Deactivate --> No change
	No change --> Deactivate


Table 1. Combining two MAC CEs for complex state transitions
As can be seen, all of the state transitions are possible, even if they become slightly complex in uses cases #4 and #5. However, as stated before, we anyway consider those use cases to be quite unlikely, so the complexity would not be huge. 
[bookmark: _GoBack]Observation 5: Even if two MAC CEs are required for complex state transitions, it is possible to define the state transition rules so that the state transitions are consistent regardless of the processing order of the MAC CEs.
Hence, we propose the following rules for the MAC CE processing:
1) Legacy MAC CE indicating SCell deactivation can be used in all SCell states (activated, deactivated and dormant). 
2) Legacy MAC CE indication SCell activation can be used in activated and deactivated SCell states. For SCell in dormant state, the activation indication is ignored.
3) The SCell Hibernation MAC CE indicating SCell hibernation can be used in all SCell states (activated, deactivated and dormant).
4) The SCell Hibernation MAC CE indication activation ONLY works in activated and dormant states. For SCell in deactivated state, the activation indication is ignored.
Proposal 3: Adopt the following rules for the MAC CE processing for a UE that supports dormant state:
a. Legacy MAC CE indicating SCell deactivation can be used in all SCell states (activated, deactivated and dormant). 
b. Legacy MAC CE indication SCell activation can be used in activated and deactivated SCell states. For SCell in dormant state, the activation indication is ignored.
c. The SCell Hibernation MAC CE indicating SCell hibernation can be used in all SCell states (activated, deactivated and dormant).
d. The SCell Hibernation MAC CE indication activation ONLY works in activated and dormant states. For SCell in deactivated state, the activation indication is ignored.
How to implement these rules and the short MAC CE in the MAC specification is shown in R2-1807903.
4	Conclusions
We have discussed the MAC CE design for the dormant SCell state, and observed the following:
Observation 1: If the SCell state is changed for only one SCell at a time, the short MAC CE is more efficient.
Observation 2: If complex SCell state transitions are desired, the long MAC CE is more efficient.
Observation 3: The complex state change scenarios are not likely to occur regularly.
Observation 4: The meaning of the bit “1” needs to be defined for the short MAC CE.
Observation 5: Even if two MAC CEs are required for complex state transitions, it is possible to define the state transition rules so that the state transitions are consistent regardless of the processing order of the MAC CEs.
Based on these, we propose the following:
Proposal 1: Use “SCell Hibernation MAC CE” asa the name for the new MAC CE(s).
Proposal 2: Adopt the short MAC CE (i.e. 1/4 octet MAC CEs) as the design option for euCA.
Proposal 3: Adopt the following rules for the MAC CE processing for a UE that supports dormant state:
a. Legacy MAC CE indicating SCell deactivation can be used in all SCell states (activated, deactivated and dormant). 
b. Legacy MAC CE indication SCell activation can be used in activated and deactivated SCell states. For SCell in dormant state, the activation indication is ignored.
c. The SCell Hibernation MAC CE indicating SCell hibernation can be used in all SCell states (activated, deactivated and dormant).
d. The SCell Hibernation MAC CE indication activation ONLY works in activated and dormant states. For SCell in deactivated state, the activation indication is ignored.

A CR showing how to implement these proposals can be found in R2-1807903.

