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1 Introduction

In RAN2#95bis, the list of aspects to be described for UL data transmission in RRC_INACTIVE was captured in R2-167221. 
This contribution attempts at providing all aspects of a possible approach for UL data transmission in RRC_INACTIVE. The case of DL data transmission is also considered. We also provide a tentative comparison with doing a full transition to RRC_CONNECTED, or a "half transition" as suggested in another proposal.
2 Discussion
2.1 Data transmission without transition to CONNECTED
2.1.1 Physical layer

As discussed in [2], there are significant time periods where a UE only has traffic of small packets, which may be background traffic, such as heart beat, not latency sensitive, or some kind of regular traffic which is still latency sensitive. Going to RRC_CONNECTED and then back to RRC_INACTIVE for almost every small burst of such traffic would mean a high volume of signalling as compared to the volume of data exchange, and such signalling usually comes with an associated cost in UE battery consumption, with additional data transmission/reception and monitoring time.

RAN1 agreed to study the possibility of supporting a large number of UEs using UL grant free transmission, If such a scheme could be used by all UEs in RRC_INACTIVE state, that would indeed allow small data transmission at very low signalling cost, so it seems worth examining in RAN2 how to use grant-free transmission in RRC_INACTIVE.

Observation 1: If RAN1 designs a scheme allowing a large number of UEs to use UL grant-free transmission for small data packets, that scheme would be a very good candidate for UL data transmission in RRC_INACTIVE state.

2.1.2 UP configuration

In our understanding, in order for this scheme to work, the receiving network node should have a UE context containing at least the parameters/IDs used for data transmission. This means that, prior to UL data transmission, the receiving cell should have some UE context. If a mechanism is designed to ensure that the receiving node has such information, the same mechanism could certainly carry additional information. 

In that case, it would seem preferable that as much of the UE context in RRC_CONNECTED is present, i.e:

· the UE keep AS context including all radio bearers, logical channels and security context like in RRC CONNECTED. For any transmission, the DRB used could be identified like in LTE by logical channel ID in MAC CE. Identifying the DRB sufficient to determine the corresponding network bearer and routing for every UE packet.
· the UE maintains the same RLC and PDCP entities like in RRC_CONNECTED, and maintains SN of PDCP, RLC and PDCP COUNT. MAC and PHY are configured to use grant-free transmission, which could have different characteristics compared to MAC/PHY for scheduled transmission, e.g. HARQ (if HARQ is needed), contention resolution by DL transmission with UE ID, DRX, initial transmission power, DRMS, MCS etc.
In that way, any uplink data could be ciphered exactly like in RRC_CONNECTED and, if any uplink RRC signalling is needed (e.g. NAS signalling), it could be ciphered and integrity protection like in RRC_CONNECTED.

Observation 2: If UL grant free data transmission requires a mechanism to have some UE PHY parameters at the receiving node, it is preferable that this mechanism is used so that the receiving node has the full UE context, including DRB/logical channel configuration, including PDCP and RLC SN and PDCP COUNT.

2.1.3 RLC ACK / DL response

One question raised about UL data transmission is how to handle RLC ACK and application response. If the network receives an UL data packet, the network at least knows in which cell it was received, possibly via which TRP.

For a certain amount of time after receiving an UL data packet, the network could assume that the UE is still in the same location, so that any RLC ACK or application response could be scheduled for transmission to the UE in the same area where the UE is, e.g. in the next paging occasion. 
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Figure 1: UL data transmission in RRC_INACTIVE with DL response

Alternatively, the UE could be paged in a wider area.

Observation 3: For a short time after reception of UL grant-free transmission, RLC ACK or application could be transmitted directly to the UE, assuming it is still in the same location. Otherwise paging could be used. 

2.1.4 How the UE decides to use grant-free or state transition

As data transmission using grant-free resources in RRC_INACTIVE will be less efficient than normal transmission in RRC_CONNECTED, it is mostly suitable when the data volume is small.

One simple possibility would be to configure, via dedicated or broadcast signalling, a UE buffer threshold to trigger grant-free transmission or transition to RRC_CONNECTED.

Alternatively, the UE could always initiate grant-free transmission and, according to normal MAC operation, a BSR would be included in the MAC TB if it cannot contain all the data. Then, the network could decide to let the UE continue grant-free transmission, or trigger transition to RRC_CONNECTED.

If RRC_INACTIVE is not a separate state from RRC_CONNECTED, the network could even immediately provide larger UL grants to the UE.

Observation 4: Whether to use grant-free transmission or not could depend on UE buffer status, e.g. as a rule configured to the UE or with dynamic network decision based on BSR transmitted grant-free.
2.1.5 Collisions

In our understanding, if multiple UEs use the same time and frequency resources for UL grant-free transmission, different situations could occur:

a) the network can decode all transmission

b) the can identify the transmitting UEs but cannot decode the messages

c) the network neither decode the messages nor identify the transmitting UEs 

If grant-free transmissions are only used for small UE buffer status, one simple possibility to deal with all possible cases would be that there is an explicit acknowledgment for every UL grant-free transmission, sent within a short time where the grant-free transmission was received from the UE, including the UE ID for which a transmission was successfully received.
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Figure 2: Example of handling of collisions
Details could be adapted when RAN1 mechanism properties are known, possibly with some optimizations.
2.1.6 UE context handling

If the RAN-based notification area is a single cell, the UE ID allocated in RRC_CONNECTED could be reused in RRC_INACTIVE and there would not be much difference between RRC_INACTIVE and RRC_CONNECTED states.

If the RAN-based notification area is more than one cell, when entering RRC_INACTIVE from RRC_CONNECTED, a new RAN UE ID should be allocated which uniquely identifies the UE in the RAN-based notification area.
If all cells of the RAN-based notification area are controlled by a single gNB, the UE context could be maintained at the level of the RAN-based notification area, i.e. even if the UE is doing cell reselection with that area, the PDCP SN and HFN would be maintained regardless in which cell data transmission may occur. If needed, different cells could use different configuration of grant-free resources, e.g. each cell could broadcast in SI its grant-free resources and the resource to be selected by the UE could be derived from the unique RAN UE ID.

If the RAN-based notification area consist of cells controlled by different gNBs, all cells should still be configured with grant-free resources for the UEs in RRC_INACTIVE, whether the resource to be selected by the UE to be derived from the unique RAN UE ID from the broadcast configuration. Upon reception of the data, if the gNB does not have the UE context, it should first fetch it and then it can decipher the UE data.
If UL-based mobility is used instead of cell reselection, the UE context would be transferred at every handover and grant-free resources could be provided by dedicated signalling instead.

Observation 5: If the UE does cell reselection in a RAN-based notification area handled by more than one gNB, the gNB receiving UE data may have to first fetch the UE context before processing the data. If UL-based mobility is used, the UE context will be transferred according the serving cell.
2.1.7 UL transmission delay

If the grant free resource is configured every 2 TTIs, with a 0.5ms TTI, the UL transmission delay, except for the first UL packet sent to a cell following reselection is as in the table below.

	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 1: Latency of UL infrequent small packet in grant free
The delay of the first data transmission is 1ms with 0.5ms TTI. The latency is determined by the periodicity of grant free resource and collision probability.
Applications communicating with an application server typically mostly have UL-initiated traffic, while DL initiated traffic is likely to be less frequent, and tolerate significant delay.  

Observation 6: If UL data transmission is possible in RRC_INACTIVE, the UE could stay in RRC_INACTIVE while certain services, latency sensitive but relying on UL initiated traffic, are running.

2.2 Data transmission with partial transition to RRC_CONNECTED

It was proposed in [1] to perform data transition together with RRC signalling, similar to LTE connection resume procedure:
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 “PUCCH” resource. 

Using LTE as the baseline and referring to TR 36.822, according to analysis in [2], the signalling overhead is about 34 bytes for a packet transmission. For a small data transmission, e.g. below 100 bytes, this represents a significant overhead.

The delay of the first data transmission is the latency of RACH procedure about 5.25 ms with 0.5ms TTI. It is determined by the configured density of RACH resource and collision probability. The consumed resource includes the resource for RACH procedure and data transmission.

2.3 Comparison

According to the analysis above, here gives a summary of the 3 options from the applicable use case, latency and overhead:
	options
	Partial transition to RRC_CONNECTED
	Grant free transmission in RRC_INACTIVE

	latency
	5.25
	Depend on grant free cycle

	RACH
	YES
	NO

	Signalling overhead

(MAC PDU)
	At least 34 bytes
	None


Table 2: summary of three options for small data transmission in RRC_INACTIVE
2.4 Power consumption analysis
According to the analysis in [2], the data transmission solution has different signalling overhead and transmission delay. 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 because of higher measurement requirement. The state transition procedure between RRC_INACTIVE and 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 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, 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 RRC_INACTIVE 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 RRC_INACTIVE 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 in 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 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 RRC_INACTIVE. 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 RRC_INACTIVE. The parameter shows the number of entering to the “full connected” from RRC_INACTIVE and falling back to RRC_INACTIVE from “full connected”.
Table 3 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 3: Duration in connected in case of different inactive timer and different buffer size threshold
According to Table 3, the number of state transiton and the grant free transmision/enahnced resume procedure is depicted in Figure 3.
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Figure 3: Number of state transiton and grant free transmision/enahnced resume procedure
In Figure 3, adopting data transmission after state transition to CONNECTED, UEs trigger 1623 times of the resume procedure to “full connected” and 1623 times of suspend procedure to RRC_INACTIVE if the inactive timer is 10 second and no grant free transmission is allowed. 
Adopting the 4-step RACH, 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 RRC_INACTIVE 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 RRC_INACTIVE. We observe that the number of state transition between RRC_INACTIVE and “full state” is more when the inacitve timer is shorter.

Adopting the grant free transmission, 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.

	
	Data transmission after transition to full connected
	Partial transition to RRC_CONNECTED for small data
RRC resume for transition to RRC_CONNECTED for larger data
	Grant-free transmission in RRC_INACTIVE for small data 
RRC resume for transition to RRC_CONNECTED for larger data

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

Partial transition to RRC_CONNECTED = 10922
	RRC resume procedure= 533

	L2/L3 Signalling overhead(bytes)
	70 * 1623

= 113,610
	70 * 533 + 34 * 10922 

= 408,658
	70 * 533

= 37,310

	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 RRC_INACTIVE( 1623 *12.5)

= 48,690

Note1
	State transition to “full connected”(533*17.5) 

+

State transition to RRC_INACTIVE(533 *12.5)

+

Partial transition to RRC_CONNECTED (10922*3)

=48,756
Note2
	State transition to “full connected”(533*17.5)

+

State transition to RRC_INACTIVE(533 *12.5)

= 15,990



Table 4: Power consumption analysis of UL transmission options
Note 1: When UE falls back to RRC_INACTIVE 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 4-step RACH, 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 4, we can observe that grant transmission and 2-step RACH transmission have the least duration in “full connected”, therefore the power consumption is lowest. 2-step RACH has similar latency as grant free. However grant free has the least overhead since there is no RACH overheadsync.
According to the analysis above, RAN2 is kindly requested to agree that the RRC_INACTIVE should study uplink small data transmission without transition to connected state, i.e. grant free transmission.
Observation 7: Grant fre data transmission 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: If RAN1 designs a scheme allowing a large number of UEs to use UL grant-free transmission for small data packets, that scheme would be a very good candidate for UL data transmission in RRC_INACTIVE state.

Observation 2: If UL grant free data transmission requires a mechanism to have some UE PHY parameters at the receiving node, it is preferable that this mechanism is used so that the receiving node has the full UE context, including DRB/logical channel configuration, including PDCP and RLC SN and PDCP COUNT.

Observation 3: For a short time after reception of UL grant-free transmission, RLC ACK or application could be transmitted directly to the UE, assuming it is still in the same location. Otherwise paging could be used. 

Observation 4: Whether to use grant-free transmission or not could depend on UE buffer status, e.g. as a rule configured to the UE or with dynamic network decision based on BSR transmitted grant-free.

Observation 5: If the UE does cell reselection in a RAN-based notification area handled by more than one gNB, a kind of "location update" signalling procedure could be used prior to the first data transmission in a cell. If UL-based mobility is used, such a procedure is not needed.

Observation 6: If UL data transmission is possible in RRC_INACTIVE, the UE could stay in RRC_INACTIVE while certain services, latency sensitive but relying on UL initiated traffic, are running.

Observation 7: Grant fre data transmission has the least signalling overhead and power consumption in RRC_INACTIVE. 
We propose to capture in the TR that UL data transmission in RRC_INACTIVE could be feasible for small data, pending on RAN1 to design a grant-free transmission mechanism.
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