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1  Background
During RAN2#100, the following agreements were made
Agreements:

1.Support configuring SCell directly in activated/deactivated state in Rel-15. FFS how to solve the CQI ambiguous and PDCCH monitoring timing issues.

2. Introduce a New SCell fast activation state as follows:


1) Not introduce L1 signalling


2) Only period CQI report based on CRS


3) without PDCCH monitoring
3
Transition between legacy SCell state and fast activation state is via MAC-CE (i.e. similar to legacy).

4
Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.
During RAN2#101, the following agreements were made
Agreements:

1
Use “Dormant SCell state” as the name of the new Scell state and use ”Hibernate” as the action for moving from Activated SCell state to Dormant Scell state if necessary.

2
Dormant Scell follows PCell DRX for CQI/RRM measurement report triggering.
3
Additional new MAC CE is needed for state transition in/out of the dormant state. Legacy MAC CE is still used as in Rel-10 CA.
4
Define a MAC CE for state transition from activated SCell state to the dormant SCell state. 
5    It is supported that UE transits from dormant state to deactivate state.

Other State Transitions are TBD
During RAN2#101bis, the following agreements were made
Agreements

1
From RAN2 understanding, allow configuring SCell directly in dormant state. The details of timing should be similar as to directly to active state.

2
Introduce a capability bit for direct SCell activation to 36.331 and 36.306.
3    At least legacy periodic CQI values should be reused for candidate values for Dormant SCell periodic CQI reporting periodicity cqi-pmi-ConfigIndex-DormantState.
4
Support deactivated ( dormant state transition for SCells

5
Create a dedicated configuration for dormant Scell CQI reporting, containing the parameters, cqi-pmi-ConfigIndexDormant, ri-ConfigIndexDormant, csi-SubframePatternDormant and cqi-FormatIndicatorDormant.

6
Introduce a single capability bit for dormant SCell state.

7    Allow SCell to transit directly into New Dormant State upon SCell configuration & upon successful HO to Target eNB by means of explicit RRC IE Indication.
2 Discussion
During RAN2#100 meeting, it was agreed to introduce SCell New State with the goal to reduce SCell activation latency and reduce overall UE power consumption. During RAN2#101 Meeting, it was agreed to use “Dormant SCell State” as name of the New State. 
RAN2 agreed to have all new state transitions for SCell new state based on New MAC-CE design. The following diagram illustrates various new state transitions.
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Figure 1 SCell State Transition Diagram
State transitions 1 and 2 (Red Color) are legacy state transitions between SCell activated and deactivated based on legacy MAC-CE. State Transitions 3, 4, 5, 6, 7 & 8 (Blue Color) are newly agreed state transitions in previous RAN2 meetings.  State transitions can be done based on Timer based mechanisms and New MAC-CE. In this document, we will discuss about timer based state transitions and New MAC-CE format design to be used.  

2.1 Timer based State Transition

In order to avoid UE staying in High Power Active state for extended period of time when there is no SCell scheduled traffic (if MAC-CE is not received or lost due to poor channel conditions), it is beneficial to consider Timer based state transition from “Active to Dormant State” AND “Dormant State to Deactivated State” in addition to New MAC-CE based transition.
Proposal 1. Introduce Timer-based state transitions for “Active state to Dormant State” and “Dormant State to Deactivated State” in addition to New MAC-CE based transitions.  These timers can be configured per SCell.
Consider longer timer values for Dormant to Deactivated state transition so that UE will have opportunity to transmit Dormant State CSI reports even if 160ms CQI periodicity is configured and when Long C-DRX cycle values are configured.
Proposal 2. Consider Dormant to Deactivated State transition timer values of 320ms, 640ms, 1280ms, 2560 ms, 5120ms, 10240ms and default value is Infinity if no timer value is configured.
In order to allow UE power saving in SCell active state, it is reasonable to consider Active to Dormant state timer values same as legacy sCellDeactivationTimer values. For any SCell, it is possible to configure both legacy sCellDeactivationTimer and new Active to Dormant timers. In such scenario, RAN2 need to specify which timer takes precedence.
Proposal 3. Consider Active to Deactivated State transition timer values of 2ms, 4ms, 8ms, 16 ms, 32ms, 64ms, 128ms, 256ms.
Proposal 4. If both sCellDeactivationTimer and new Active to Dormant State timer values are configured for a given SCell, Active to Dormant State timer takes priority over legacy sCellDeactivationTimer.

If SCell supports PUCCH, then it is reasonable not to allow PUCCH SCell transitioning into Dormant State and legacy Deactivated State as well. New SCell timers are not applicable for PUCCH SCell.
Proposal 5. PUCCH SCell is not allowed to be in Dormant State or Deactivated State. New Dormant State transitions timers are not applicable for PUCCH SCell. 

2.2 New MAC-CE based State Transition

During RAN2#101, it was agreed to follow legacy MAC-CE for state transitions between legacy SCell states (i.e., Deactivated and Activated States) if SCell supports only legacy states.
During RAN2#101bis (Offline discussion #222), as a way forward, it was agreed to introduce 2 New LCIDs for 2 New MAC-CEs and exact MAC-CE format of 1 bit or 2 bit per SCell is FFS.

However, if an SCell supports both legacy states (Deactivated and Active States) and new Dormant State, it is beneficial to have a single 2-bit MAC-CE to perform all 3 state transitions instead of using two different MAC-CEs (i.e., combination of both legacy and new MAC-CEs) for different state transitions. 

2.2.1 Key Design Goals of Single 2 bit MAC-CE
· New MAC CE has higher priority than Legacy MAC CE, when received in one MAC-Transport Block (aka within same sub-frame)

· New MAC CE usage should minimize the legacy MAC CE need in same MAC TB as well as eliminate simultaneous MAC CE need in same TB
· Introducing New 2 bit MAC-CE should not impact legacy MAC-CE and its operation of legacy state transitions for an SCell performing only Deactived and Activated state transitions.
2.2.2 Key Advantages of Single 2 bit MAC-CE
· New 2-bit MAC CE can be used independently for all the transitions, without backward compatibility issue. 
Legacy MAC CE can also be used without the 2-bit MAC CE in same MAC TB. If both legacy and new MAC-CEs are received, then 2-bit MAC-CE takes precedence.

· Multiple SCells in different states can do state transitions with single 2-bit MAC CE. Avoid the need for both MAC CEs in the same MAC TB. 

· Simplifies the number of use-cases significantly (For implementation and validation as well)

· In commercial deployments, helps to transition to 2-bit MAC CE format quickly and adopt New Dormant State easily during commercialization. Old MAC CE backward compatibility is still maintained for SCells operating in legacy state transitions.
Observation 1. Adoption of 2-bit MAC-CE for all 3 states & associated transitions allows simplification of New Dormant State Implementation (compared to using 2 different MAC-CEs) without backward compatibility issues 
Observation 2. Multiple SCells in different states can do state transitions with a 2-bit MAC CE. Thus, avoid the need for both legacy and new MAC CEs in the same MAC TB. 

Observation 3. 2-bit MAC-CE approach simplifies specification design, implementation, IOT test scenarios and allows easy deployment/migration.
Proposal 6.    Use 2-bit MAC-CE to facilitate all state transitions among 3 SCell states (i.e., Deactivated, Active, Dormant States).  

It is possible to have some SCells operating with legacy states and some SCells operating with all 3 states. In such mixed SCell scenario, legacy state transition SCells can continue to use legacy MAC-CE and other SCells with all 3 states transitions can continue to use 2-bit MAC-CE format. In this scenario, it is possible for an SCell to receive both legacy MAC-CE and 2-bit MAC-CE within the same sub frame. In this case, 2 bit MAC-CE should be considered as higher priority for SCells supporting all 3 states transitions than legacy MAC-CE and ignore legacy MAC-CE actions for that SCell.
Proposal 7. 2-bit MAC CE has higher priority than Legacy MAC CE, when received in one MAC-Transport Block (aka within same sub-frame) for any SCell.
Since 2 bits are used to represent 3 state transitions, RAN2 needs to specify the actions corresponding to the bit combination. We propose a simple interpretation as shown below.

Proposal 8. Actions corresponding to value in the 2 bit MAC-CE are as shown in Table  1.
Table 1 Actions corresponding to MAC CE content

	2-bit MAC-CE Value
	Action

	00
	No Change

	01
	New Dormant State

	10
	Active State

	11
	De active State


2.2.3 New MAC-CE Format
The legacy MAC-CEs use 1-bit per SCell and are one octet or 4 octet long. When 2 bits are used for each SCell, naturally, the new MAC-CE would be 2-Octet and 8-Octet long. We propose the following formats for new MAC CEs.

Proposal 9. 2-Octet and 8-Octet MAC CE Formats (corresponding to 2-bit per SCell) using 2 New LCIDs are as shown in Figures 2 and 3.
2-Octet MAC-CE Format:
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Figure 2 SCell Dormant State Transitions MAC control element of two octets
8-Octet MAC-CE Format:
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Figure 3 SCell Dormant State Transitions MAC control element of eight octets
In both formats, 2 bits represent state transitions for one SCell.
Various State Transitions associated with the corresponding 2-bit MAC-CE Value is shown below:
Table 2 State transitions based on value of New MAC CE

	New MAC-CE
	Source State
	Target State
	Old MC-CE

	10
	Deactivated
	Activated
	X

	01
	Deactivated
	Dormant
	X

	11
	Deactivated
	Deactivated
	X

	11
	Activated
	Deactivated
	X

	01
	Activated
	Dormant
	X

	00
	Activated
	Activated
	X

	10
	Dormant
	Activated
	X

	11
	Dormant
	Deactivated
	X

	00
	Dormant
	Dormant
	X


We have provided a text proposal for TS 36.321 in Annex. 

Proposal 10. Adopt text proposal for TS 36.321 provided in Annex.
It should be possible to release an SCell when RRC Connection Reconfiguration Message with SCell Release indication is received by the UE.
Proposal 11. Allow SCell to be released upon UE receiving RRC Connection Reconfiguration with “SCell Release” indication when SCell is in Dormant State.

Since legacy MAC-CE support is needed for backward compatibility in networks supporting only legacy SCell states, following is proposed.
Proposal 12. UE capable of supporting SCell Dormant state supports both legacy MAC-CE and New 2 bit MAC CE.  
3 Conclusion
In this contribution, we discussed following proposals about timer based and New 2-bit MAC-CE based state transitions with the introduction of SCell new dormant state. 
Observation 4. Adoption of 2-bit MAC-CE for all 3 states & associated transitions allows simplification of New Dormant State Implementation (compared to using 2 different MAC-CEs) without backward compatibility issues 

Observation 5. Multiple SCells in different states can do state transitions with a 2-bit MAC CE. Thus, avoid the need for both legacy and new MAC CEs in the same MAC TB. 

Observation 6. 2-bit MAC-CE approach simplifies specification design, implementation, IOT test scenarios and allows easy deployment/migration.
Proposal 1.
Introduce Timer-based state transitions for “Active state to Dormant State” and “Dormant State to Deactivated State” in addition to New MAC-CE based transitions.  These timers can be configured per SCell.
Proposal 2.
Consider Dormant to Deactivated State transition timer values of 320ms, 640ms, 1280ms, 2560 ms, 5120ms, 10240ms and default value is Infinity if no timer value is configured.
Proposal 3.
Consider Active to Deactivated State transition timer values of 2ms, 4ms, 8ms, 16 ms, 32ms, 64ms, 128ms, 256ms.
Proposal 4.
If both sCellDeactivationTimer and new Active to Dormant State timer values are configured for a given SCell, Active to Dormant State timer takes priority over legacy sCellDeactivationTimer.
Proposal 5.
PUCCH SCell is not allowed to be in Dormant State or Deactivated State. New Dormant State transitions timers are not applicable for PUCCH SCell.
Proposal 6.
Use 2-bit MAC-CE to facilitate all state transitions among 3 SCell states (i.e., Deactivated, Active, Dormant States).
Proposal 7.
2-bit MAC CE has higher priority than Legacy MAC CE, when received in one MAC-Transport Block (aka within same sub-frame) for any SCell.
Proposal 8.
Actions corresponding to value in the 2 bit MAC-CE are as shown in Table  1.
Table 1 Actions corresponding to MAC CE content

	2-bit MAC-CE Value
	Action

	00
	No Change

	01
	New Dormant State

	10
	Active State

	11
	De active State


Proposal 9.
2-Octet and 8-Octet MAC CE Formats (corresponding to 2-bit per SCell) using 2 New LCIDs are as shown in Figures 2 and 3.
2-Octet MAC-CE Format:
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Figure 2 SCell Dormant State Transitions MAC control element of two octets
8-Octet MAC-CE Format:
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Figure 3 SCell Dormant State Transitions MAC control element of eight octets
Table 2 State transitions based on value of New MAC CE

	New MAC-CE
	Source State
	Target State
	Old MC-CE

	10
	Deactivated
	Activated
	X

	01
	Deactivated
	Dormant
	X

	11
	Deactivated
	Deactivated
	X

	11
	Activated
	Deactivated
	X

	01
	Activated
	Dormant
	X

	00
	Activated
	Activated
	X

	10
	Dormant
	Activated
	X

	11
	Dormant
	Deactivated
	X

	00
	Dormant
	Dormant
	X


Proposal 10.
Adopt text proposal for TS 36.321 provided in Annex.
Proposal 11.
Allow SCell to be released upon UE receiving RRC Connection Reconfiguration with “SCell Release” indication when SCell is in Dormant State.
Proposal 12.
UE capable of supporting SCell Dormant state supports both legacy MAC-CE and New 2 bit MAC CE.


Annex TP for TS 36.321
6.1.3.x
SCell Dormant State Transitions MAC Control Elements

The SCell Dormant State transition MAC control element of two octets is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-1. It has a fixed size and consists of two octets containing 14 C-fields and two R-fields. The SCell Dormant State Transitions MAC control element with two octets size is defined as follows (figure 6.1.3.x-1). 

The SCell Dormant State Transitions MAC control element of eight octets is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-1. It has a fixed size and consists of  eight octets containing 62 C-fields and two R-fields. The SCell Dormant State Transitions MAC control element of eight octets is defined as follows (figure 6.1.3.x-2).

For the case with no serving cell with a ServCellIndex [8] larger than 7, SCell Dormant State Transitions MAC control element of two octets is applied, otherwise SCell Dormant State Transitions MAC control element of eight octets is applied.
For any SCell, if both Activation/Deactivation MAC control element and SCell Dormant State Transitions MAC control element are received in the same MAC PDU subheader, SCell Dormant State Transitions MAC control element takes precendence.

Ci Ci: if there is an SCell configured with SCellIndex i as specified in [8], this field indicates the dormant, deactivated and activated status of the SCell with SCellIndex i, The Ci Ci field is set to "01" to indicate that the SCell with SCellIndex i shall be transitioned to Dormant state. The Ci Ci field is set to "10" to indicate that the SCell with SCellIndex i shall be transitioned to Activated state. The Ci Ci field is set to "11" to indicate that the SCell with SCellIndex i shall be transitioned to Deactivated state. The Ci Ci field is set to "00" to indicate that the SCell with SCellIndex i shall not perform any state transition.   

-
R1 R2: Reserved bits, set to “00”.
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Figure 6.1.3.x-1: SCell  Dormant State Transitions MAC control element of two octets

[image: image7.emf]Oct 1

Oct 2

Oct 3

Oct 4

R

1

R

2

C

1

C

1

C

2

C

2

C

3

C

3

C

4

C

4

C

5

C

5

C

6

C

6

C

7

C

7

C

8

C

8

C

9

C

9

C

10

C

11

C

11

C

12

C

12

C

13

C

13

C

14

C

14

C

15

C

15

Oct 5

Oct 6

Oct 7

Oct 8

C

16

C

16

C

17

C

17

C

18

C

18

C

19

C

19

C

20

C

20

C

21

C

21

C

22

C

23

C

23

C

23

C

24

C

24

C

25

C

25

C

26

C

26

C

27

C

27

C

28

C

28

C

29

C

29

C

30

C

30

C

31

C

31

C

10


Figure 6.1.3.x-2:  SCell Dormant State Transitions MAC control element of eight octets
<UNNECESSARY PARTS OMITTED>
6.2
Formats and parameters

6.2.1
MAC header for DL-SCH, UL-SCH and MCH

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1, 6.2.1-2 and 6.2.1-4 for the DL-SCH, UL-SCH and MCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. A UE of Category 0 [12] except when in enhanced coverage, and unicastFreqHoppingInd-r13 is indicated in the BR version of SI message carrying SystemInformationBlockType2, and UE supports frequency hopping for unicast [12] shall indicate CCCH using LCID "01011", a BL UE with support for frequency hopping for unicast [12] and a UE in enhanced coverage with support for frequency hopping for unicast [12] shall  if unicastFreqHoppingInd-r13 is indicated in the BR version of SI message carrying SystemInformationBlockType2 indicate CCCH using LCID "01100", otherwise the UE shall indicate CCCH using LCID "00000". The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field and F2 field;

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements and except for when F2 is set to 1. The size of the F field is 1 bit. If the F field is included; if the size of the MAC SDU or variable-sized MAC control element is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1; 

-
F2: The Format2 field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F2 field per MAC PDU subheader. The size of the F2 field is 1 bit. If the size of the MAC SDU or variable-sized MAC control element is larger than 32767 bytes, and if the corresponding subheader is not the last subheader, the value of the F2 field is set to 1, otherwise it is set to 0.

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least R/F2/E/LCID fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte;

-
R: Reserved bit, set to "0".

The MAC header and subheaders are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-10010
	Reserved

	 10011
	SCell Dormant State Transitions (2 octets)

	 10100
	SCell Dormant State Transitions (8 octets)

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication


For NB-IoT only the following LCID values for DL-SCH are applicable: CCCH, Identity of the logical channel, SC-PTM Stop Indication, SC-MCCH/SC-MTCH, UE Contention Resolution Identity, Timing Advance Command, DRX Command and Padding.

Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101-10011
	Reserved

	10100
	Recommended bit rate query

	10101      
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


For NB-IoT only the following LCID values for UL-SCH are applicable: CCCH (LCID "00000"), Identity of the logical channel, C-RNTI, Short BSR and Padding.

Table 6.2.1-3 Values of F and F2 fields:

	Index of F2
	Index of F
	Size of Length field (in bits)

	0
	0
	7

	
	1
	15

	1
	-
	16


Table 6.2.1-4 Values of LCID for MCH

	Index
	LCID values

	00000
	MCCH (see note)

	00001-11100
	MTCH

	11101
	Reserved

	11110
	MCH Scheduling Information or Extended MCH Scheduling Information

	11111
	Padding

	NOTE: If there is no MCCH on MCH, an MTCH could use this value.
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