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1. Introduction
In the previous meeting, UL data transmission in inactive state was discussed and following agreements were achieved for further study:
	=>
Agree that, in the 'new state' there will be a mechanism where the UE first transits to the full connected state where data transmission can occur. 

=>
RAN2 will study the possibility for the UE to perform data transmission without state transition from the 'new state' to full connected.


Agreements for how progress the study:

1: 
For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.

1a
We need to discuss and determine the use case for data transmission

1b
Determine the latency requirements from the RAN TR that apply for the "new state".

2
2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)

b) Transmit data together with initial RRC message for transition to connected

c) Transmit data in "new state"

3
Questions for be answered for any proposal ()

- whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?

- contention resolution, full details including identifiers, resolution at which step (depends on exact procedure), etc?

- grant size, what are the supported sizes and how does the network determine the size to allocate?

- whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?

- usage of HARQ/ARQ?

-  how is the UE context located and identified in the network?

- how to ensure that only the right UE is using the UE context, including the UE need to provide some proof of having the right UE security context?- how to configure U-plane? Handling of DRB/SRBs, what level of QoS is supported?

-
How the AS state is updated and maintained in the network (incl. security keys, NCC, sequence numbers)?


- Which tasks does the UE perform, e.g. RLM, CSI/RRM measurements, etc at each step.


- whether the proposed solution would affect the coverage by deteriorating the success rate of   RRC signalling transmission

- how to decide when to use small data transmission (b) or c)) rather than move to connected and then transmit data? how potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”?
- How are DL acknowledgement handled (both on RLC and HARQ level) and on application layer?
For the UL data transmission in inactive state, there are two options as below:
· Option b): Transmit data together with initial RRC message for transition to connected state;
· Option c): Transmit data in "new state".
This contribution gives our further evaluation on the Option c) compared to transmit of UL data after entering connected state (option a) from the latency, signaling overhead and power consumption perspective. To make the evaluation in RAN2, we assume all the procedures only occur within one gNB, and the evaluation would not involve the exchange via network interface. 
2. Discussion
2.1. Transmission schemes in Option c)

There are two transmission schemes in option c), which would be used for the evaluation in this paper. 
· Option c-1: 4-step RACH procedure
Similar as legacy RACH procedure, UE can select the preamble according to the amount of data (Msg1); eNB can provide the grant size according to the preamble to UE (Msg2); UE transmits UL data with inactive UE ID (Msg3); and gNB transmits ACK message (e.g. new MAC CE) to UE which can be scheduled by T-C-RNTI (Msg4). 
In case of Msg3 collision, i.e. no ACK received, UE can trigger the preamble retransmission. 
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Figure 1: UL data transmission via 4-step RACH procedure
· Option c-2: 2-step RACH procedure

UE transmits UL data and inactive UE ID with preamble (Msg1), and gNB signals the inactive UE ID or the new UL grant in RAR to UE as ACK message.  
In case of the transmission failure, UE retransmits the Msg1. 

[image: image2.emf]UE AnchorgNB

1.preamble with (data + inactive UE ID)

Retrieve UE context request

Retrieve UE context response

2.RAR

gNB


Figure 2: UL data transmission via 2-step RACH procedure
The feasibility of Option 2 depends on physical channel design, how much data can be carried in contention based channel, HARQ design for Option c-2. These aspects are still under discussion in RAN1 for 2-step RACH procedure.  Therefore, we think the analysis of Option c-2 should get inputs from RAN1 findings. 

A list of open issues to analyze for each solution was agreed in the last meeting. Option c-1 is evaluated below.

Option c-1 uses 4-step RACH procedure. No RRC messages are transmitted when the small data is transmitted while in inactive state. Inactive state is maintained at the UE and the network during the small data transmission. Any actions requiring involvement of RRC messages (e.g. need for security parameter updates) would trigger the state transition procedure from inactive to connected state. More over the need for subsequent data transmission or large amount of data transmission in UL or DL would trigger the inactive to connected state transition procedure.
Contention resolution: Contention resolution is performed similar to that of the legacy LTE RA procedure. The UE provides inactive UE ID together with the data in msg3. The inactive UE ID is used for the contention resolution. The inactive UE ID is transmitted back to the UE in msg-4, thus the successful UE is informed. If no inactive UE ID is received in msg-4 for a configured time, the UE consider that the small data transmission attempt is unsuccessful and reattempts the data transmission.
Grant size: The preamble space is partition according to the available data for transmission (hence the required grant size). The UE selects the preamble group according to the available data to be transmitted. If the available data for transmission is larger than a threshold, the UE requests for state resume procedure. Otherwise, the UE selects transmits the selected preamble according to the amount of data. The network allocates the UL grant size in RAR according to the receive preamble.

UE context identification:  The UE context is identified based on the inactive UE ID provided together with the small data. The inactive UE ID is unique within a RAN based Notification Area. 
DL acknowledgment for small data transmission: MAC acknowledgment including inactive UE ID could be used for feedback. HARQ and ACK mechanism should be further investigated based on RAN1 progress on HARQ in NR. The DL data triggered as a consequence of UL small data transmission is discussed in our companion paper [3].
Handling of DRB/SRB and QoS: it is proposed to use a default DRB for small data transmission. The default DRB is configured by the gNB and maintained at the UE and gNB for small data transmission while in inactive state. All the small data transmitted/received over the default DRB would have the same QoS treatment. Considering it is small burst data, we think the QoS offered by the default DRB is sufficient. DRB handling and QoS treatment of small data transmission could be considered independent of the solutions. Therefore we have the following proposal.
Proposal 1: RAN2 is requested to discuss the possibility of maintaining a default DRB for data reception/transmission while in inactive state. 
2.2. Evaluation
2.2.1 Latency
It is not clear whether the control plane latency requirement of 10ms is applicable for option c) where the small data is directly transmitted without establishment of control plane.  Table-2 gives the evaluation on latency of two schemes of Option c) for data transmission compared with Option a), based on current value in LTE. It can be seen that Option c can almost fulfil the 10ms requirement even with the LTE processing/transmission value. If shorter processing /transmission time is considered (assuming short TTIs in NR),  the latency for data transmission with option c is much lower than 10ms.  
Table-2  Control plane latency evaluation
	
	Option a

Based on Annex 5.2
	Option c-1

4-step RACH
	Option c-2

2-step RACH

	Latency 
	31.5 
	10.5ms
	1.5ms

	10ms latency
	>
	~=
	<


Observation 1: Both 4-step and 2-step RACH in option c) can fulfill the 10ms latency requirement. 
2.2.2 Signalling overhead
In [1], the requirement is that the target for connection density should be 1 000 000 device/km2 in urban environment. As there are so many devices, keeping all devices in connected state is not realistic since it requires many resources and waste much UE power. It is reasonable to keep inactive UEs in an extreme power saving state like idle or inactive state. As each device would have some data to transmit every day, it is very important to reduce the signalling overhead to increase the system capacity as much as possible. The evaluation on signalling overhead for Option a) and Option c) is given in Table-3.
Table-3  signaling overhead evaluation
	
	Option a

Based on Annex 5.1
	Option c-1

4-step RACH
	Option c-2

2-step RACH

	L1/L2 signaling number
	2
	3
	1

	L3 signaling number
	4
	0
	0

	Total 
	6
	3
	1

	Note: the signaling for scheduling is not counted.


Considering the signalling overhead for one-short transmission, for the two schemes of Option c), the signalling overhead can be reduced 50% (Option c-1) and 83% (Option c-2). 
Observation 2: For signaling overhead in case of one short transmission, Option c) can bring significant benefit compared to Option a). 

2.2.3 Power consumption
In [1], the requirement for power consumption is that “UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh. The target for UE battery life should be beyond 10 years, 15 years is desirable.”

In inactive state without data transmission, UE can reduce power consumption according to the idle mode DRX mechanism. In case of short transmission in inactive state, during the whole data transmission procedure UE is required to wake up, then the UE power consumption is much more if the data transmission latency is much longer. According to the latency analysis (Table-2), it can be seen that for the latency two schemes of Option c) is much shorter than Option a). So for the power consumption, Option a) can be assumed as 3 times or 30 times of Option c). 
Observation 3: For power consumption,  Option c) can bring significant benefit compared to Option a). 
3. Conclusion
In this contribution, we have described the use of 4-step RACH procedure for transmission of small data while in inactive state without state transition (Option c). The feasibility of 2-step RACH procedure is within the scope of RAN1. Therefore the details explanation of the 2-step RACH operation is awaiting the RAN1 inputs. Latency, signaling overhead and power saving of Option c) small data transmission in inactive state was evaluated. The following proposals and observation were made: 

Proposal 1: RAN2 is requested to discuss the possibility of maintaining a default DRB for data reception/transmission while in inactive state. 
According to the evaluation on Option c) in section 2, we obtain the following observations:
Observation 1: For 10ms control plane latency requirement, both 4-step and 2-step RACH in option c) can fulfill, but option a) cannot. 
Observation 2: For signaling overhead in case of one short transmission, Option c) can bring significant benefit compared to Option a). 

Observation 3: For power consumption,  Option c) can bring significant benefit compared to Option a).

According to these observations, we propose to support data transmission directly in inactive state.
Proposal 2: Support data transmission directly in inactive state. i.e. Option c. 
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5. Annex A

5.1. Data transmission procedure with state transition (Option a)
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5.2. Control plane latency (referred to the value in Table B.1.1.1-1 in TR 36.912)

1) CP Latency for Option a)
For resume procedure in INACTIVE state, only the first 10 steps are taken into account, the minimum latency for INACTIVE UE to transmit data 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


2) CP Latency for Option c-1
Since the UL data transmission can be carried in Msg3, the minimum latency for INACTIVE UE to transmit data is 10.5ms. 
	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
	UL data transmission with inactive UE ID
	1
	1

	
	Total delay [ms]
	10.5
	14.5


3) CP Latency for Option c-2

Since the UL data transmission can be carried in Msg3, the minimum latency for INACTIVE UE to transmit data is 1.5ms. 
	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	
	Total delay [ms]
	1.5
	3.5
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