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1 Introduction

In RAN2#96, for RRC_INACTIVE UE, UL data transmission with or without transition to RRC_CONNECTED state was discussed and 2 options are further discussed in Email [96#30] and [96#31]. Discussion continued in the January 2017 RAN2 ad hoc, with a comparison of the options ongoing in email discussion [NR-AH1#13].
This contribution further gives view of UL data transmission in RRC_INACTIVE.  We focus on providing a comparison of the overhead in the two alternatives.
2 Discussion
2.1 Data transmission procedural options
2.1.1 Null solution
In the baseline solution without any direct data transmission, every transmission results in a transition to RRC_CONNECTED.  This is assumed to use the legacy LTE procedures.
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Figure 1: UL data transmission based on connection resume
The signalling overhead is approximately 70 bytes based on 4-step RACH.  As analysed in [2], the latency before the packet can be sent is approximately 17.75 ms assuming an 0.5 ms TTI.
2.1.2 Solution A with grant free transmission
If grant free transmission is available, the “Solution A” approach transmits data directly on the grant-free resources.  An ACK can be received from the network on downlink resources bearing some known relation to the uplink resources, allowing reliable delivery and contention resolution (the details are in RAN1 scope).
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Figure 2: UL data transmission based on Solution A (grant free)
The format of the UE ID is not decided.  If it is comparable to a C-RNTI, the overhead of this procedure would be about 8 bytes (2*2 bytes for two transmissions of the C-RNTI, 1 byte for short BSR, and 1 byte of MAC subheader overhead for each MAC CE).  If the UE ID is longer than a C-RNTI, the overhead would be correspondingly higher; e.g. an additional octet would bring the overhead to 10 bytes.  We assume a 3 byte UE ID for this analysis, with the understanding that there is necessarily some uncertainty.
This solution has no intrinsic latency other than waiting for a grant free resource, which depends entirely on the network configuration.  If grant free resources are available in every TTI, the latency would be as low as 0.25 ms (assuming 0.5 ms TTI).

2.1.3 Solution A with RACH procedure
If there is no grant free transmission, Solution A can rely on a RACH procedure to establish initial uplink resources, then transmit data in the grant that corresponds to Msg3.
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Figure 3: UL data transmission based on Solution A (RACH based)
The signalling overhead is about 18 bytes (8 bytes RAR, 2x3 bytes UE ID, and 1 byte BSR, with 3 bytes of MAC subheader overhead for the MAC CEs in Msg3 and Msg4).  Per the analysis in [2], the expected delay until the transmission of Msg3 with the data is approximately 5.25 ms.
2.1.4 Solution B
Solution B as proposed in [1] uses the data accompanied connection resume signalling. UP data is transmitted simultaneously with Message 3 (RRC Connection Resume Request) and an optional RRC suspend signalled in Message 4. The message 4 resolves contention and acts as an acknowledgement of Message 3. UE does not move into connected state because it does not configure UE with dedicated “SR” resource. 
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Figure 4: UL data transmission based on Solution B
The signalling overhead is about 34 bytes according to the analysis in [2].  The latency is the same as for Solution A with RACH, since the data go in Msg3; as analysed in [2] this is estimated to be 5.25 ms.
2.2 Overhead and Power consumption analysis
Both the state transition procedure between RRC_INACTIVE and RRC_CONNECTED will consume battery. Therefore we analyze power consumption by analyzing the state transition number, signalling overhead and the duration in RRC_INACTIVE using an example of MBB log.
The statistics below track the activity of one UE in a population of 12 smartphone users using MTCP, recorded during March and April 2015 in a field trial; details of the data collection as well as the full log file are available ([3]). The assumed states of the UE were modelled based on data activity as described below.
Generally the infrequent small data packet is determined based on the typical service characteristics. One typical infrequent small data is a heartbeat packet in MBB service in [3]. The typical size of the infrequent small packet is lower than 100 bytes. The initial state of UE is assumed to be RRC_INACTIVE. For the uplink transmission performance, UE can transmit the data in RRC_INACTIVE if the total amount of data is lower than the defined buffer size. The state transition to “full connected” with dedicated “SR” resource is needed when the total amount of data is greater than the defined buffer size threshold; it falls back to RRC_INACTIVE without “SR” after a period of inactivity based on the signalling from the network.

2 parameters were set in the evaluation as follows:

· Threshold of buffer size=100 bytes. UE in RRC_INACTIVE can transmit data when the buffer size is lower than 100 bytes. UE transition to RRC_CONNECTED with dedicated “SR” resource based on RRC signalling if the buffer size is more than 100 bytes.
· The length of inactivity timer in RRC_CONNECTED: 5 or 10 seconds based on examples of LTE timers for transition to idle state. The inactivity timer is started or reset in connected when data is received or transmitted. If no data transmission/reception happens until the timer expires then the network configures UE to RRC_INACTIVE for power saving and releases the dedicated “SR” resource. 
The evaluation results in 3 main statistics:

· Number of direct transmission in inactive. The parameter shows the UE has the number of small data transmission in RRC_INACTIVE. In case of using enhanced RRC resume procedure, it means the number of small data transmission with the RRC resume signalling.
· Number of connections. The parameter shows the number of entering to the RRC_CONNECTED from RRC_INACTIVE.
· Duration in full connected.  The inactivity timer means that each connection lasts for a variable amount of time, resulting in different total durations spent in RRC_CONNECTED.
Table 1 gives the Connection Number and Duration in connected when the inactive timer is 10/5(s) and Threshold of buffer size=100 bytes, which are evaluated based on the log in [3]:
	
	Inactive timer(s)
	Threshold of buffer size(bytes)
	Connection Number
	Duration in full Connected(s)
	UL data transmission Number in INACTIVE

	Case1
	10
	No direct tx
	1623
	46,101
	0

	Case2
	10
	100
	533
	28,501
	5730

	Case3
	5
	100
	1215
	20,881
	9389


Table 1: Duration in connected in case of different inactive timer and different buffer size threshold
Note that the connection number for Case1 (1623) is not equal to the total number of transmissions, because more than one transmission can occur during the lifetime of the connection.  Thus for instance, the number of packets transmitted in INACTIVE for Case2 and Case3 is more than the number of connection establishments for Case1.

In Table 2, the overhead, duration in RRC_CONNECTED and duration for RRC signaling transmision is analyzed:
Assuming inactivity timer=10s, Threshold of buffer size=100 bytes, TTI =0.5ms, we give a comparison for the case 1 and 2 from point view of power consumption, i.e. a combination of signalling overhead and time spent in RRC_CONNECTED.  There is also an estimate of latency for packets transmitted from RRC_INACTIVE (note that any network latency e.g. for context fetch is not considered).
	
	Null solution: transmit all data in RRC_CONNECTED with RRC signaling with state transition  
	Solution A: data <100 bytes transmitted in RRC_INACTIVE, grant free
	Solution A: data <100 bytes transmitted in RRC_INACTIVE, using Msg3 of RACH procedure
	Solution B: data <100 bytes transmitted by data accompanied resume/suspend signalling

	Number of procedures
	RRC resume=1623
	RRC resume=533
Grant free data transmission=5730
	RRC resume=533
Data as Msg3=5730
	RRC resume=533 
Data accompanied RRC Resume/Suspend=5730

	L2/L3 Signalling overhead (bytes)
	70 * 1623
= 113,610


	70 * 533 + 10 * 5730
=94,610
	70 * 533 + 18 * 5730 

= 140,450
	70 * 533 + 34 * 5730
= 232,130


	Duration in RRC_CONNECTED (s)
	46,101  
	28,501
	28,501
	28,501

	Duration of SignallingTransmission (ms)
	State transition to RRC_CONNECTED (1623*17.5) +
State transition to INACTIVE (1623 *3)
= 33,271

	State transition to RRC_CONNECTED (533*17.5)
+
State transition to INACTIVE (533 *3)
= 1,905

	State transition to RRC_CONNECTED (533*17.5)
+
State transition to INACTIVE (533 *3)
= 1,905

	State transition to RRC_CONNECTED (533*17.5) 
+
State transition to INACTIVE (533 *3)
+
Data accompanied RRC Resume/Suspend signaling (5730*3)
=28,117

	Average latency for a packet sent from INACTIVE (ms)
	17.75 [2] to transition from INACTIVE to RRC_CONNECTED and send a packet
	Network config controlled, as low as 0.25
	5.25 [2]
	5.25 [2]


Table 2: Power consumption analysis of UL transmission options
According to the analysis in Table 2, it can be observed that: 
· In all cases except the null solution, the signalling overhead is primarily due to the small data transmission procedure rather than to the (much smaller number of) transitions to RRC_CONNECTED.

· The grant-free form of Solution A has the least duration in RRC_CONNECTED and signalling overhead, therefore the power consumption is the lowest one. 
· The RACH based form of Solution A has signalling overhead somewhat higher than the “null solution” baseline, but has much shorter duration in RRC_CONNECTED.
· Solution B has the same short duration in RRC_CONNECTED as the two forms of Solution A, but at the cost of much higher signalling overhead.

· Solution B, and Solution A with RACH, have similar latency to transmit a packet from RRC_INACTIVE.  As expected, the grant free latency can be much smaller (but depends on network configuration).
According to the analysis above, RAN2 is kindly requested to agree the uplink small data transmission without transition to RRC_CONNECTED state and without RRC signalling.  The grant free form without RACH procedure is preferred, assuming RAN1 make available a grant free transmission mechanism.
Observation 1: Data transmission without transition to RRC_CONNECTED and without RRC signalling has the least signalling overhead and power consumption in RRC_INACTIVE. 
3 Conclusion
This contribution analyzes the power consumption and signalling overhead of small data transmission in RRC_INACTIVE and after transition to “full connected”. 

Observation 1: Data transmission without transition to RRC_CONNECTED and without RRC signalling has the least signalling overhead and power consumption in RRC_INACTIVE. 
We propose to capture in the TR the description of UL small data transmission in RRC_INACTIVE.
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