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1 Introduction

RAN2#95 discussed whether a UE in the "new state" needs to transit to "full connected state" (option a) or transmit small data in the "new state" (option b).

This contribution further analyzes the benefit of supporting transmission small data in “new state”.
2 Discussion
According to RAN2#95 agreements:
	1 One UE has only one NR RRC state at one time.
2 The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

3 For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself

4 For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another.


The intention of the “new state” is to provide comparable power saving to LTE IDLE as agreed in RAN2#95. When UE enters to “new state”, it is assumed that UE is configured with SRB/DRB and related PDCP/RLC/MAC parameters and no dedicated “PUCCH” resource is configured in order to maximize the number of supported UEs. UE maintains the L2 entities in this state for small data/signaling transmission and reception. 
State transition from the "new state" to full connected (option a)

In [1], it is proposed that small data transmission can be based on the state transition procedure of LTE suspend/resume procedure, which is based on NB IoT UP solution as below: 
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Figure 1: transition procedure from “new state” to full connected state
Before the UE transmits data in “full connected” state, there is a sequence of signalling procedures including the RACH procedure and RRC connection resume procedure. Different from the RRC connection setup procedure, the RRC Connection Resume message is transmitted by AM mode. 
For NR, we can assume that the TTI is smaller than LTE, e.g. 0.5ms. The processing delay can also be assumed to be scaled down like the TTI, at least within reasonable limits. The scheduler processing time is assumed to be one TTI. The component of UE handling delay and transmission delay is as in the table below:
	Time
	Value [ms]
	Description
	assume (TTI=0.5ms)

	T1
	0.25
	Average delay due to RACH scheduling period
	

	
	0.5
	RACH Preamble transmission
	Scheduler processing delay 0.5ms

	
	1.5
	Preamble detection and transmission of RA response 
	decode delay 1ms + Scheduler processing 0.5ms

	
	2.5
	UE decoding of scheduling grant, timing alignment and C-RNTI assignment
L1 encoding of RRC Connection Resume Request
	decode delay 1ms + code delay 1.5ms

	T2
	0.5
	Transmission of RRC Connection Resume Request
	Scheduler processing delay 0.5ms

	
	2
	eNB decoding (RRC connection resume Request) and eNB encode(RRC connection resume)
	decode delay 0.5ms + code delay1.5ms

	
	0.5
	transmission of RRC (RRC connection resume)
	Scheduler processing delay 0.5ms

	
	2.5
	UE decoding (RRC connection resume) + UE encode (RLC ACK) 
	decode delay 2ms +code delay 0.5ms

	
	0.5
	transmission of RLC ACK 
	Scheduler processing delay 0.5ms

	T3
	2
	UE encoding(RRC resume complete)
	code delay 2ms

	
	0.5
	transmission of RRC(RRC resume complete) 
	Scheduler processing delay 0.5ms

	
	1
	eNB decoding(RRC resume complete) 
	decode delay 1ms

	
	1
	eNB ecode(RLC ACK)  
	code delay 1ms

	
	0.5
	transmission of RLC ACK
	Scheduler processing delay 0.5ms

	
	2
	UE processing(RLC ACK)
	decode delay 2ms

	Total
	17.75
	　
	　


Table 1: Latency of UL infrequent small packet with short TTI (0.5ms)
According to Table 1, the CP latency requirement (10ms) [4] for NR cannot be fulfilled with 0.5 ms TTI. With 0.1ms TTI, the processing delay cannot always be assumed to be scaled down like TTI especially for UE. Therefore the processing delay is assumed the same as processing delay with 0.5ms TTI. Under this assumption the CP latency requirement still cannot be fulfilled with 0.1ms TTI.
Observation 1: The CP latency requirement for NR cannot be fulfilled with 0.5ms TTI or 0.1ms TTI for Option a.
The signaling overhead is calculated based on procedure in Figure 1, using LTE as the baseline and referring to TR 36.822.
	Component
	MAC/RLC/PDCP Overhead
	Value [bytes]

	1
	Preamble 
	--

	2
	RAR 
	8

	3
	RRC Connection resume request
	11

	4
	RRC Connection resume(including the dedicated resource configuration) + Contention Resolution CE
	20

	5.
	RLC ACK 
	3

	6
	RRC Connection resume Complete + PHR + short BSR 
	6

	7
	RLC ACK 
	3

	Total
	
	51


Table 2: signaling overhead of UL infrequent small packet with RRC Resume procedure
If RAN needs signaling to notify UE in “full connected” state to return to “new state”, additional signaling overhead of state transition to “new state” will be introduced. It is at least 19 bytes, which includes the Reconfiguration request, Reconfiguration complete message and two RLC ACK. Therefore the procedure of state transition procedure between two states has about 70 bytes.
Observation 2: The L2/L3 signaling overhead is about 70 bytes during the state transition between “new state” and full connected for Option a. 
Assume UE enters to “full connected” with dedicated resource for good performance when there is large amount of data in the buffer. According the above analysis, low overhead and low latency of state transition scheme from “new state” to “full connected” should be studied when the buffer size is more than a configured value.
Data transmission for the "new state" (option b)

In [1], there is another alternative for data transmission with enhanced RRC resume procedure for “new state” UE. The enhanced resume procedure does not configure UE with PUCCH, UE does not move into connected state, i.e.
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Figure 2: transmission of a small data packet for “new state”
The main steps would be the following, as illustrated in Figure 2:
1. UE selects preamble and send it to RAN
2. RAN allocates the uplink grant for SRB0 and DRB for UE, send TA command and UEID, UL grant to UE
3. UE simultaneously transmits the RRC connection resume request message and small data (multiplexed on the same TB) if the buffer size is smaller than the predefined value. UE indicates it is the last packet.
4. RAN sends response to UE including UE ID and a suspend indicator. A RLC ACK PDU of the data should be sent to UE. 
5. If UE receives the RRS Suspend Response message and RLC ACK then it considered the transmission is successful. UE sends the RLC ACK of the RRC Response message and consider UE still in “new state”.
If UE does not receive the respective ACK then UE consider the RACH procedure is failed and initiate another RACH procedure after some time.
	Time
	Value [ms]
	Description
	assume (TTI=0.5ms)

	T1
	0.25
	Average delay due to RACH scheduling period
	

	
	0.5
	RACH Preamble transmission
	Scheduler processing delay 0.5ms

	
	1.5
	Preamble detection and transmission of RA response 
	decode delay 1ms + Scheduler processing 0.5ms

	
	2.5
	UE decoding of scheduling grant, timing alignment and C-RNTI assignment +
L1 encoding of RRC Connection Resume Request +Data encoding
	decode delay 1ms + code delay 1.5ms

	
	0.5
	Transmission of RRC Connection Resume Request and Data
	Scheduler processing delay 0.5ms

	Total
	5.25
	
	　


Table 3: Latency of UL infrequent small packet with enhanced RRC Resume procedure
Also, the above evaluation does not include the delay in case of context fetch and retransmission. Actually, the procedure above did not solve the contention and the data transmission could fail which would introduce extra latency which is not considered in the table above. Based on the procedure, the UE does not really transit to connected state.
Observation 3: The latency of this solution is significantly reduced compared with option a, but the UE does not really transit into connected state and retransmission could introduce extra latency since the contention resolution process is not provided. 
The signaling overhead is calculated based on the procedure in Figure 2, using LTE as the baseline and referring to TR 36.822.
	Component
	MAC/RLC/PDCP Overhead
	Value [bytes]

	1
	Preamble
	--

	2
	RAR
	8

	3
	RRC Connection resume request + Last packet indicator 
	11

	4
	RRC Response + Contention Resolution CE
	12

	5.
	RLC ACK
	3

	Total
	
	34


Table 4: signaling overhead of UL infrequent small packet with enhanced RRC Resume procedure
According to analysis in Table 4, the signaling overhead is about 34 bytes for a packet transmission. For a small data transmission this additional signaling will introduce large overhead. In case of small data for MBB service, the typical size of a heartbeat is below 100 bytes, however the signaling overhead is nearly 50% of the data payload.
Observation 4: The L2/L3 signaling overhead is about 34 bytes when data transmission and RRC resume procedure is simultaneously performed for Option b. 
Data transmission in the "new state"

According to the analysis in 2.2 and 2.1, the signalling overhead is significant for a heartbeat packet. It is not efficient. And the UP transmission delay cannot meet the UP latency requirement. Another alternative is proposed in [2], i.e. UE in “new state” is able to do small data transmission without state transition in order to reduce signalling overhead and transmission delay.
There are 2 options to transmit small data in “new state”.
· Transmit small data via RACH procedure 
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Figure 3: RACH transmission for small data

The main steps are as the following, which is illustrated in Figure 3:
1. When UE enters “new state”, it is configured with DRB and related RLC/MAC entities. UE maintains the L2 entities in this state. UE ID is configured and valid in the notification area for the UE. Small data transmission is allowed in this state.
2. UE selects a RACH resource and performs RACH transmission.
3. RAN receives preamble and sends a RACH Access Response including UL Grant to UE.
4. If the buffer size is smaller than the predefined value, then data is transmitted with UE ID in the granted resource.
5. RAN receives the data and sends an ACK to UE, e.g. including UE ID.
Note: If UE does not receive the expected ACK then UE can initiate another RACH procedure after a random back off time.
The latency is determined by the configured density of RACH resource and collision probability. The delay of the first data transmission is the latency of RACH procedure about 4.25 ms as illustrated in Table 5. The consumed resource includes the resource for RACH procedure and data transmission.
	Time
	Value [ms]
	Description
	assume (TTI=0.5ms)

	T1
	0.25
	Average delay due to RACH scheduling period
	

	
	0.5
	RACH Preamble transmission
	Scheduler processing delay 0.5ms

	
	1.5
	Preamble detection and transmission of RA response 
	decode delay 1ms + Scheduler processing 0.5ms

	
	2.5
	UE decoding of scheduling grant, timing alignment and C-RNTI assignment + Data encoding
	decode delay 1ms + code delay 1.5ms

	
	0.5
	Transmission Data
	Scheduler processing delay 0.5ms

	Total
	5.25
	
	


Table 5: Latency of UL infrequent small packet with RACH procedure
· Transmit small data via grant free scheme
RAN1 agreed to study the possibility of supporting a large number of UEs using grant free transmission.
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Figure 4: grant-free transmission for small data
The main steps would be the following, as illustrated in Figure 4:
1. When UE enters “new state”, it is configured with DRB and related RLC/MAC entities. UE maintains the L2 entities in this state. UE ID and grant free resources are configured and valid in the notification area for UE.
2. If the buffer size is smaller than the predefined value, then grant free transmission is allowed 
3. UE selects a grant free resource and transmits data with UE ID. If UEs sharing the grant free resource have orthogonal signatures then UE ID does not need to be transmitted here.
4. RAN receives the data and sends an ACK to UE, e.g. including UE ID.
If UE does not receive the expected ACK then UE can start the retransmission by HARQ or ARQ after some time, or UE can fallback to RACH procedure.
In step 3, if the buffer size of the data is more than the predefined value then UE can only send the buffer status report to the network. RAN send reconfiguration message to UE indicating state transition to full connected. 
The configuration of grant free resource is depicted in Figure 5, i.e. one grant free resource every 3 TTIs.
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Figure 5: grant free resource configuration
According to Figure 5, here gives the delay evaluation in the following table.
	Time
	Value [ms]
	Description
	assume (TTI=0.5ms)

	T1
	0.5
	Average delay due to grant free scheduling period
	

	
	0.5
	Data encoding + transmission
	Scheduler processing delay 0.5ms

	Total
	1ms
	
	　


Table 6: Latency of UL infrequent small packet in grant free
The latency is determined by the period grant free resource and collision probability. The delay of the first data transmission is 1ms. The consumed resource only includes the resource for data transmission.
The MAC overhead is the piggybacked UE ID (e.g. 2 bytes) and short MAC-I (e.g. 2 bytes) each time when UL data is transmitted. The overhead is assumed to be 4 bytes, which is much less than signaling overhead introduced by the accompanied resume procedure in Figure 2.
According to the analysis above, one short transmission based on grant free has shorter delay and less resource overhead than transmission based on RACH procedure.
Observation 5: The signaling overhead is about 4 bytes and UP latency requirement is met by grant free transition in “new state”. 

Observation 6: One short transmission based on grant free has shorter delay and less resource overhead than data transmission based on RACH procedure in “new state”.
Power consumption analysis
According to the analysis in 2.1, 2.2 and 2.3, the data transmission solution has different singling overhead and transmission delay. According to the analysis in 2.3, one short transmission based on grant free has the benefit of shorter latency and less resource overhead than data transmission based on RACH, therefore it is further analyzed in the following. UE in full connected state has more power consumption. The state transition procedure between “new state” and “full connected” will consume the battery. Therefore we analyze power consumption by analyzing the state transition number and the duration in “full connected” 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 at [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 the “new state”. For the uplink transmission performance, UE can transmit the data in “new state” if the total amount of data is lower than the defined buffer size, which is matching the grant free resource. The state transition to “full connected” with dedicated “PUCCH” resource is needed when the total amount of data is greater than the defined buffer size threshold; it falls back to “new state” without “PUCCH” after a period of inactivity based on the signalling from the network.

2 parameters to be set in the evaluation:
· Threshold of buffer size=100 bytes. UE in “new state” can transmit data in grant free mode when the buffer size is lower than 100 bytes. UE transition to “full connected” with dedicated “PUCCH” resource based on RRC signalling if the buffer size is more than 100 bytes.
· The length of inactivity timer: 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 “new state” for power saving and the dedicated “PUCCH” resource is released. 
2 statistics parameters in the evaluation:
· Number of grant free transmission. The parameter shows the UE has the number of small data transmission in “new state”. In case of using enhanced RRC resume procedure, it means the number of small data transmission with the enhanced RRC resume procedure.
· Number of transition between connected and “new state”. The parameter shows the number of entering to the “full connected” from “new state” and falling back to “new state” from “full connected”.
Table 8 gives the Connection Number and Duration in connected when the inactive timer is 10/5(s) and Threshold of buffer size=100 bytes, which is evaluated based on the log in [3]:
	User number =12
	Inactive timer(s)
	Threshold of buffer size(bytes)
	Connection Number
	Duration in full Connected(s)
	Grant free transmission Number

	Case1
	10
	Grant free 
not allowed
	1623
	46,101
	0

	Case2
	10
	100
	533
	28501
	10922

	Case3
	5
	100
	1215
	20881
	17557


Table 8: Duration in connected in case of different inactive timer and different buffer size threshold
According to Table 8, the number of state transiton and the grant free transmision/enahnced resume procedure is depicted in Figure 6.
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Figure 6: Number of state transiton and grant free transmision/enahnced resume procedure
In Figure 6, adopting the solution in 2.1, UEs trigger 1623 times of the resume procedure to “full connected” and 1623 times of suspend procedure to “new state” if the inactive timer is 10 second and no grant free transmission is allowed. 
Adopting the solution in 2.2, the enhanced resume procedure is used in place of the grant free transmision,UEs trigger 10922 times of the enhanced resume procedure and 533 timers of RRC resume procedure to “full connected” and 533 times of suspend procedrue to “new state” is triggered if the inactive timer is 10 second. If the inactive timer is 5 second, then UEs trigger 1215 timers of RRC resume procedure to “full connected” and 1215 times of suspend procedure to “new state”. We observe that the number of state transition between “new state” and “full state” is more when the inacitve timer is shorter.
Adopting the solution in 2.3, if UEs perform grant free transmission when the size of the data is below 100 bytes and the inactive timer is 10 second then UEs only trigger 533 times of RRC resume procedure to “full connected” and perform 10922 times of grant free transmission. 
Assuming inactivity timer=10s, Threshold of buffer size=100 bytes, TTI =0.5ms. Here we give a comparison for the 3 solutions from point view of power consumption, i.e.
	
	Option a:
1.No grant free transmission
2. data tranmission after transition to full connected
	Option b:
1. No grant free transmission 
2. small data transmission with enhanced RRC resume
	Solution in Figure 4:
 grant-free transmission for small data in “new state”

	Nubmer of RRC resume procedure
	RRC resume procedure= 1623
	RRC resume procedure =533 
Enhanced RRC resume procedure = 10922
	RRC resume procedure= 533

	L2/L3 Signalling overhead(bytes)
	70 * 1623
= 113,610
	70 * 533 + 34 * 10922 
= 408,658
	70 * 533 + 4 * 1215
= 42,170

	Duration in “full connected”(s)
	46,101  
	28,501
	28,501

	Duration of SignallingTransmission (ms)
	State transition to “full connected”(1623*17.5) +
State transition to “new state”( 1623 *12.5)
= 48,690
Note1
	State transition to “full connected”(533*17.5) 
+
State transition to “new state”(533 *12.5)
+
Enhanced resume procedure(10922*3)
=48,756
(Note2)
	State transition to “full connected”(533*17.5)
+
State transition to “new state”(533 *12.5)
= 15,990



Table 8: Power consumption analysis of three UL transmission options
Note 1: When UE falls back to “new state” based on RRC Reconfiguration procedure after an inactivity timer, the state transition latency is about 12.5 ms like the latency brought by RRC connection resume, RRC resume complete and related RLC ACK(s).
Note 2: For the option b, the data transmission duration is excluded, the signaling transmission duration (3ms) only includes the RA procedure and the last RLC ACK transmission.
According to the analysis in Table 8, we can observe that the solution in Figure 4 has the least duration in “full connected” and signaling transmission, therefore the power consumption is lowest. Also the signaling overhead of the solution is the lowest. 
According to the analysis above, RAN2 is kindly requested to agree that the “new state” should support uplink small data transmission without transition to “full connected” state.
Observation 7: The signaling overhead and power consumption is least if UEs apply the grant free transmission of the small packet in “new state”. 
Proposal 1: The uplink small data transfer should be supported in “new state” without transition to “full connected” state based on the buffer size. 
Proposal 2: Network enables grant free transmission based on the buffer size in “new state”.
Proposal 3: Low overhead and low latency of state transition scheme from “new state” to “full connected” should be studied. 
3 Conclusion
This contribution analyzes the power consumption and signaling overhead of small data transmission in “new state” and after transition to “full connected”. 
Observation 1: The CP latency requirement for NR cannot be fulfilled with 0.5ms TTI or 0.1ms TTI for Option a.
Observation 2: The L2/L3 signaling overhead is about 70 bytes during the state transition between “new state” and full connected for Option a. 
Observation 3: The latency of this solution is significantly reduced compared with option a, but the UE does not really transit into connected state and retransmission could introduce extra latency since the contention resolution process is not provided.
Observation 4: The L2/L3 signaling overhead is about 34 bytes when data transmission and RRC resume procedure is simultaneously performed for Option b. 
Observation 5: The signaling overhead is about 4 bytes and UP latency requirement is met by grant free transition in “new state”. 

Observation 6: One short transmission based on grant free has shorter delay and less resource overhead than data transmission based on RACH procedure in “new state”.
Observation 7: The signaling overhead and power consumption is least if UEs apply the grant free transmission of the small packet in “new state”. 
Proposal 1: The uplink small data transfer should be supported in “new state” without transition to “full connected” state based on the buffer size. 
Proposal 2: Network enables grant free transmission based on the buffer size in “new state”.
Proposal 3: Low overhead and low latency of state transition scheme from “new state” to “full connected” should be studied.
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