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1. Introduction
In the last meeting, a new RAN controlled NR UE state was discussed and some initial agreements were made and open issues were identified. 

Agreements:

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the "state"

FFS whether "state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:


a/ the CN/RAN connection is maintained


b/ AS context stored in RAN

c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.


d/ RAN can trigger paging of UEs which are in the RAN controlled "INACTIVE state"


e/ No dedicated resources
In this contribution, we give our understanding on the potential characteristics of the RAN controlled UE state. The “RAN controlled state” is referred as INACTIVE state in the following discussion. Note that INACTIVE state is neither categorised as a separate RRC state nor as a sub state of RRC_CONNECTED in the below discussion.
2. Discussion
2.1. Assumption
To make the study/evaluation on the NR RRC state, we have the following assumption:
· Assumption 1: Study is based on LTE RRC states and corresponding procedures
Based on the NR discussion in the last meeting, LTE model is the baseline for NR design for both L2 and L3. Following a similar approach, we also take LTE RRC state discussions and corresponding mechanisms/procedures as starting point for NR RRC state discussion. 

· Assumption 2: Study of INACTIVE state is based on LTE RRC suspended & light connection state
Referring to LTE discussion, there are two main approaches which could be taken for characterization of INACTIVE state in NR:
· Approach A: based on NB-IOT suspend state, NG1-C interface kept but NG1-U interface released. 
· Approach B: based on light connection state currently under discussion in LTE, both NG1-C and NG1-U interface are kept. 

· Assumption 3: Study of INACTIVE state is within one NR-NB. 
Since the inter-NR-NB case involve RAN3 procedures and to simplify the RAN2 evaluation/study, we have analyised the performance of INACTIVE state considering only one NR-NB. This is a reasonable assumption to make as the NR-NB controlled area is potentially very large. The UE mobility is evaluated only within one NR-NB. 
Table-1 summarizes the characteristics of INACTIVE state (considering approach A and B) compared to RRC Idle and RRC_CONNECTED states of LTE.  

Table-1 Characteristics of RRC state (based on LTE RRC state)

	Characteristic
	RRC IDLE 
	RRC CONNECTED
	RRC INACTIVE A

(NB-IOT like)
	RRC INACTIVE B

(LC like)

	CN/RAN connection
	No
	Yes
	Partial Yes


	Yes

	AS context stored in RAN
	No
	Yes
	Yes
	Yes

	UE reachable area
	TA area (CN control )
	Cell level (RAN control)
	TA area
	RAN TA area

	Paging
	CN level
	N/A
	CN level
	RAN level

	Dedicated resource
	No
	Yes
	No
	No


2.2. Analysis
According to the agreements in the last meeting, there are four aspects to evaluate with regards to characteristics of new INACTIVE state. These are signaling overhead, power consumption, dedicated resource /network capacity and latency.  Two main candidate approaches (Approach A and Approach B) for NR INACTIVE state are analyzed for the above four criteria.
· Signaling overhead
Signaling overhead should be evaluated from two aspects: data transmission related and mobility related signaling.
1) UL data transmission related  signaling
The signaling steps require for data transmission in each state is shown in Figure 1-3 of Annex 5.1 , the number of messages involves in each procedure is used as a matrix for comparison. Only the RRC Connection establishment related signaling is taken into account in the calculation of total number of messages required for IDLE state UE. Data transmission by a CONNECTED state UE is immediate and this does not require any signaling between the UE and the network prior to the data transmission. While Idle to connected transitions procedure consists of 14 signaling steps, INACTIVE to active state transmission requires 9 if approach A is used and total of 5 steps if approach B is used. 
Table-2 Signaling overhead for UL data transmission

	Msg No. 
	IDLE
	CONNECTED
	INACTIVE A
	INACTIVE B

	Uu interface
	9
	0
	5
	5

	S1/CN interface
	5
	0
	4
	0

	Total 
	14
	0
	9
	5


Observation 1: For the data transmission related signaling overhead, both INACTIVE approaches outperform IDLE.  INACTIVE B outperforms INACTIVE A approach due to the absences of S1/CN interface signaling. 
2) Mobility related signaling
Considering the mobility related signaling overhead, 

· For IDLE UE, since the mobility is UE based, there is no signaling involved for mobility when the UE moves within a TA/RA. 

· For INACTIVE UE, UE based mobility is allowed without any notification to the network within a RAN controlled area (RTA). RTA consists of one or more NR-NBs.  Therefore there is also no signaling involved for mobility within a RTA while in INACTIVE state. 
· For CONNECTED UE, mobility is supported with HO.  The total number of messages in HO is taken as 8 messages following the observation in eDDA study (TR 36.882, Annex 5.2). Even though the details of mobility procedure in NR is yet to be discussed, preliminary agreements were made in the last meeting such that RRC driven network control mobility to be used at least at cell level.  
Table-3 Signaling overhead (Msg. No.) for mobility (one hour)
	Scheme
	Mobility Rate (cell changes per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	CONNECTED 
	48
	144
	480
	1440
	4800

	IDLE
	0
	0
	0
	0
	0

	INACTIVE A
	0
	0
	0
	0
	0

	INACTIVE B
	0
	0
	0
	0
	0


Observation 2:  UE based mobility is performed by IDLE and INACTIVE UEs, therefore no mobility related signalling is resulted for UE mobility while in either IDLE or INACTIVE state and moving within a TA/RA or RTA. However significant signalling overhead resulted due to mobility by CONNECTED state UEs.
· Power consumption
The UE activity is controlled according to paging DRX for UEs in Idle or INACTIVE state. Connected mode DRX is used for UE power saving in connected mode. Connected mode DRX is usually configured to be shorter than paging DRX in order to support for fast data communication by CONNECTED state UEs.
Table-4 Power consumption
	Power consumption
	IDLE
	CONNECTED
	INACTIVE A
	INACTIVE B

	DRX pattern
	Paging DRX
	Connected DRX
	Paging DRX
	Paging DRX

	UE power consumption
	Low
	High 
	Low 
	Low 

	Note: For INACTIVE B, according to the WID, we assume power assumption same as IDLE mode. 


Observation 3: UE power consumption in INACTIVE state is similar to that in IDLE state, and it is better than UE power consumption in CONNECTED state. 
· Dedicated resource cost and network capacity
Dedicated resource is used for UE dedicated data transmission, it is only necessary to allocate and use in Uu interface when UE in CONNECTED state. In legacy LTE system, dedicated resource usually includes DMRS/SR/PUCCH/CSI-RS/CFRA related configuration, which impact the network capacity and the number of connected states UEs supported in the system. In case of no dedicated resource allocated, number of UEs supported in the system can be increased. 
Table-5 Dedicated resource storage and network capacity on UE number

	
	IDLE
	CONNECTED
	INACTIVE A
	INACTIVE B

	Dedicated resource in Uu interface 
	No
	Yes, whole
	No
	No

	As context in NB
	No
	Yes
	Yes
	Yes

	Network capacity in terms of number of UEs in the system
	large 
	Small 
	large
	large 


Observation 4: A large number of INACTIVE UEs can be supported in the system compared to number of UEs supported in CONNECTED state. 
· Control plane latency

According to the requirement defined in 36.913, the control plane latency requirement to enter continuous data transmission form the high power consumption state is 10ms.

Table-6 Control plane latency (based on Annex 5.3)
	
	IDLE
	CONNECTED
	INACTIVE A
	INACTIVE B

	Latency 
	76ms
	0ms
	31.5 / 0 ms
	31.5 / 0 ms

	
	Big
	 Small
	Middle
	Middle

	Note: if data transmission is supported in INACTIVE state, the control plane latency can be assumed as 0.


Observation 5: In terms of control plane latency, control plane latency in INACTIVE state is much less than that of IDLE state and resulted latency could be made as small as 0ms if small data transmission is allowed without transition to CONNECTED state. 
· Summary

The analysis above is summarized in Table-7.

Table-7
Evaluation summary
	Aspect
	RRC IDLE 
	RRC CONNECTED
	RRC INACTIVE A

(NB IOT like)
	RRC INACTIVE B

(LC like)

	Signaling overhead  for data transmission
	(
	(((
	(
	((

	Signaling overhead for mobility
	(
	(((
	(
	(

	Power consumption
	(
	(
	(
	(

	Network capacity
	(
	(
	(
	(

	Latency
	(
	((
	(
	(


From the table, RRC_IDLE and RRC_CONNECTED states are targeted for two extreme requirements where RRC_IDLE is used for UE power saving while RRC_CONNECTED is designed for high UE activity.  Even though RRC_IDLE and RRC_CONNECTED states satisfy the design purposes of these states, these two states are not sufficient to fulfill the requirement in all scenarios, eg: fast access from extreme power saving. 
NR system is expected to support very large number of UEs (up to 1 000 000 devices per square meter in urban environment). In order to keep a high number of UEs in CONNECTED, the network capacity needs to be increased, which is costly from network operation point of view. Therefore, the network tends to release the UE connection when it is in low activity.  On the other hand, NR also requires supporting low latency for infrequent small packet transmission. This is contradicting to the above argument on releasing the connection for low activity UEs.  Therefore, INACTIVE state should also be introduced to fulfill the NR requirements. 
Both INACTIVE A and INACTIVE B have similar characteristics in terms of AS context is stored in RAN as well as no dedicated resources kept while in INACTIVE state.
Proposal 1: Confirm that INACTIVE state is characterized by:

b/ AS context stored in RAN


e/ No dedicated resources

For INACTIVE state, comparing the two approaches, INACTIVE B can save multiple signaling overhead in network interface compared to INACTIVE A. Furthermore, paging initiation in INACTIVE A is triggered by the CN while for INACTIVE B paging is triggered by the RAN.  Since CN level TA is much larger than RAN level TA, the RAN-level paging would save more signaling overhead than CN level paging not only in network interface but also in Uu interface. NR should be designed to support very large number of UEs in the system. Distribution of processing load among multiple network nodes is desirable.  Not keeping NG1 interface forces CN to take the responsibility for paging to all IDLE and INACTIVE UEs, and this would result in burden to the CN-CP node.  Hence, we prefer INACTIVE B approach, and keep NG1-C and NG1-U when UE is in inactive state. 

Proposal 2: Confirm that INACTIVE state is characterized by:

a/ the CN/RAN connection (NG1-C and NG1-U) is maintained

3. Conclusion
According to the analysis in section 2, based on the evaluation, we obtain the following observations:

Observation 1: For the data transmission related signaling overhead, both INACTIVE approaches outperform IDLE.  INACTIVE B outperforms INACTIVE A approach due to the absences of S1/CN interface signaling. 

Observation 2:  UE based mobility is performed by IDLE and INACTIVE UEs, therefore no mobility related signalling is resulted for UE mobility while in either IDLE or INACTIVE state and moving within a TA/RA or RTA. However significant signalling overhead resulted due to mobility by CONNECTED state UEs.

Observation 3: UE power consumption in INACTIVE state is similar to that in IDLE state, and it is better than UE power consumption in CONNECTED state. 
Observation 4: A large number of INACTIVE UEs can be supported in the system compared to number of UEs supported in CONNECTED state. 
Observation 5: In terms of control plane latency, control plane latency in INACTIVE state is much less than that of IDLE state and resulted latency could be made as small as 0ms if small data transmission is allowed without transition to CONNECTED state. 
And based on these observations, we propose:
Proposal: Confirm that INACTIVE state is characterized by:

a/ the CN/RAN connection (NG1-C and NG1-U) is maintained

b/ AS context stored in RAN


e/ No dedicated resources

4. Annex

4.1. Data transmission related signaling
The referred LTE procedures for evaluation are given as below. 
1) Legacy LTE procedure

RRC connected establishment procedure for data transmission is shown in Figure 1.
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Figure 1 Procedure  for data transmission from IDLE state
2) NB-IOT suspend/resume procedure

Signaling steps involved in NB IOT resume procedure for small data transmission is shown in Figure 2.
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 Figure 2. Procedure for data transmission from NB-IOT SUSPEND state
3) Potential light connection resume procedure

Although light connection is still under discussion, according to current RAN2 agreement and WID description, we can assume the procedure is similar as NB-IOT suspend/resume procedure but S1-U is kept when UE is in light connection state. 
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Figure 3. Procedure for data transmission from LIGHT CONNECTION state
4.2. Mobility related signaling (copy from section 5.3, TR 36.882)
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Figure 5.3.1-1: Signaling Flow Associated with Handover

Table 5.3.1-1 – RRC Signalling for (intra-system) Handover procedure – Example

	Step
	( UL
	Contents (of MAC PDU)
	MAC PDU Size (Bytes)

	
	 
	
	

	
	( DL
	
	UL
	DL

	1
	(
	Buffer Status Report
	2
	--

	2
	(
	Measurement Report
	19
	--

	3
	(
	RLC Status Report
	--
	3

	4
	(
	RRC Connection Reconfiguration including mobilityControlInfo.
	--
	87

	5
	(
	Preamble
	--
	--

	6
	(
	Random Access Response
	--
	7

	7
	(
	RRC Connection Reconfiguration Complete
	13
	--

	8
	(
	RLC Status Report
	--
	3

	Total Bytes
	34
	100


Table 5.3.3-2: Handover Events per Hour per UE (Trace ID-1)
	Scheme
	Mobility Rate (cell changes per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	1. Full C-DRX
	6
	18
	60
	180
	600


4.3. Control plane latency (TR 36.912)

Note : for resume procedure in INACTIVE state, only the first 10 steps are taken into account. 

For the latency for IDLE and INACTIVE UE to enter CONNECTED state, the evaluation is given. 
1) CP Latency for IDLE state
The latency for IDLE state is referred to the minimum value in Table B.1.1.1-1 in TR 36.912, i.e. 76ms. 
Table B.1.1.1-1: C-plane latency analysis for Rel-8 
(based on the procedure depicted in Figure B.1.1-1)

	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80


2) CP Latency for INACTIVE state
Since the procedure in Uu interface to enter CONNECTED state for two INACTIVE approaches are same, the latency evaluation in following table is applicable for two INACTIVE approaches, and the value for each step can be referred to the value in Table B.1.1.1-1. And the minimum latency for INACTIVE UE is 31.5ms. 
	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Resume (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Resume complete
	1
	1

	
	Total delay [ms]
	31.5
	35.5
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