Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 # Adhoc
R2-1700188
Spokane (WA), USA, 14 - 18 Nov 2016

Agenda Item:

Source: 
Huawei, HiSilicon
Title:  
Data transmission in inactive state, option A vs. option B
Document for:
Discussion and Decision

1 Introduction

In RAN2#97, for RRC_INACTIVE UE, UL data transmission with or without transition to ACTIVE state was discussed and 2 options are further discussed in Email [96#30] and [96#31]. 
This contribution further gives view of 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 Option A-Data transmission without transition to CONNECTED
2.1.1 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.

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

· UE keep AS context including radio bearers, logical channels and security context like in RRC CONNECTED. 
· UE maintains the same PDCP and RLC entities like in RRC_CONNECTED, and maintains SN of PDCP, RLC and PDCP COUNT. Common MAC and PHY are configured for INACTIVE UE, e.g. HARQ (if HARQ is needed), DRX etc. Common RLC entity could be FFS.
· If the RAN-based notification area is more than one cell, when entering RRC_INACTIVE from RRC_CONNECTED, a unique RNA (RAN Notification Area) UE ID indicating source gNB ID should be allocated in the RAN-based notification area, and a RNTI like UE ID may be allocated to UE. For example, if the RAN-based notification area is a single cell, C-RNTI can be used in RRC_INACTIVE.
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 for new service request), it could be ciphered and integrity protection like in RRC_CONNECTED.

Observation 1: If data transmission requires a mechanism to have UE MAC and 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/RLC SN and PDCP COUNT, including unique RNA UE ID in a RAN notification area and possibly a RNTI like UE ID.
2.1.2 Uplink transmission and DL transmission
When UE send the data to the network then UE needs to include PDCP SN, logical channel ID for the bearer identification. If UE uses ARQ in RLC, then RLC SN is needed. UE needs to include UE ID to locate UE context, e.g. RAN UE ID for UE identification. Other UE ID (e.g. C-RNTI) is FFS.
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Figure 1: UL data transmission based on contention (e.g. Grant free)
Considering the small data transmission is infrequent in INACTIVE, it is not necessary to change the security key each time, which bring the modifying security parameter signalling. Therefore UE needs to send the increment PDCP SN based on maintained PDCP SN, and UE use the old key to cipher data.
If the contention based uplink data transmission is used, then UE ID should be first sent back to UE as contention resolution. Other schemes are FFS.
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/DRX-on occasion. Alternatively, the UE could be paged in a wider area.
If there are a small number of transmissions based on reported BSR from UE then the network can instruct UE to enter ACTIVE state with RRC signalling or leave UE in INACTIVE for the subsequent downlink/uplink transmission.
Observation 2: UE send the data including logical channel ID, RNA UE ID, PDCP SN, and RLC SN.

Observation 3: For a short time after reception of UL transmission, HARQ/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: For a small number of transmissions based on reported BSR, C-RNTI can be allocated to the UE and scheduling transmission can be applied in INACTIVE state.
2.1.3 How the UE decides to direct data transmission or state transition

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

UE can transmit data directly if the data size of the buffer is under some threshold, otherwise, UE can transit to active state, or alternatively the UE can initiate data transmission with a BSR included in the MAC control element if buffer size is over the threshold. Then, the network could decide to let the UE continue data transmission, or trigger transition to RRC_CONNECTED.
One improvement would be to configure a UE buffer threshold to trigger direct data transmission in inactive.
Observation 5: Whether to use direct data 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.
2.1.4 UL transmission upon mobility
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, key(s) would be maintained in gNB. When UE moves to new cell and sends the data with the RNA UE ID, which is used to locate UE context in the gNB.
If the RAN-based notification area consists of cells controlled by different gNBs and UE moves to new cell in the notification area, upon reception of the data and RNA UE ID, if the gNB does not have the UE context, there are 2 alternatives:

· Serving gNB first fetches the UE context based on the RNA UE ID, perform path switching to serving gNB and then it can decipher the UE data.
· Serving gNB locates the anchoring gNB and sends data to it.
Observation 6: 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 based on RNA UE ID or routing data to the anchoring gNB. 

Observation 7: When the UE move among the cells in a RAN notification area, UE maintains COUNT and uses the same key for last transmission in INACTIVE state.

2.2 Option B -Data transmission with/without 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 “SR” 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.

Another alternative, UE sends data only after transition to RRC_ACTIVE, the signalling overhead between INACTIVE and ACTIVE is about 70 bytes based on 4-step RACH.
2.3 Overhead and Power consumption analysis
According to the analysis in [4], data transmission in inactive state without state transition has the benefit of shorter latency and less signalling overhead. UE in ACTIVE state has more power consumption because of higher measurement requirement. Both the state transition procedure between RRC_INACTIVE and ACTIVE 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. 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. 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 to be set in the evaluation:

· 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_ACTIVE with dedicated “SR” resource based on RRC signalling if the buffer size is more than 100 bytes.
· The length of inactivity timer in RRC_ACTIVE: 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. 
2 statistics parameters in the evaluation:

· 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 transition between RRC_ ACTIVE and RRC_INACTIVE. The parameter shows the number of entering to the RRC_ ACTIVE from RRC_INACTIVE and falling back to RRC_INACTIVE from RRC_ ACTIVE.
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, User Number =12, which are evaluated based on the log in [3]:
	
	Inactive timer(s)
	Threshold of buffer size(bytes)
	Connection Number
	Duration in full Connected(s)
	data transmission Number in INACTIVE

	Case1
	10
	DirectTransmission
NotAllowed
	1623
	46,101
	0

	Case2
	10
	100
	533
	28501
	10922

	Case3
	5
	100
	1215
	20881
	17557


Table 1: Duration in connected in case of different inactive timer and different buffer size threshold
In Table 2, the overhead, duration in ACTIVE and duration for RRC signaling transmision is analyzed:
OPTION A), if UEs send data in INACTIVE without state transiton to ACTIVE and with no RRC signaling when the size of the data is below 100 bytes and the inactive timer is 10 seconds then UEs only trigger 533 times of RRC resume procedure to RRC_ ACTIVE and perform 10922 times of data transmission. 

OPTION B), if UEs send all data with state transition to ACTIVE with RRC signaling, UEs trigger 1623 times of the resume procedure to RRC_ ACTIVE and 1623 times of suspend procedure to RRC_INACTIVE if the inactive timer is 10 seconds. 
OPTION B), if UEs send data in INACTIVE without state transiton to ACTIVE with RRC resuming signaling when the size of the data is below 100 bytes and the inactive timer is 10 seconds, UEs trigger 10922 times of data transmition with RRC resume/suspend signaling and 533 times of RRC resume procedure to RRC_ ACTIVE and suspend procedure to RRC_INACTIVE is triggered if the inactive timer is 10 seconds. If the inactive timer is 5 seconds, then UEs trigger 1215 timers of RRC resume procedure to RRC_ ACTIVE and suspend procedure to RRC_INACTIVE. It is observed that the number of state transition between RRC_INACTIVE and RRC_ ACTIVE is more if the inacitve timer is shorter.

Assuming inactivity timer=10s, Threshold of buffer size=100 bytes, TTI =0.5ms. Option A) is based on grant free transmission, Option B) is based on 4-step RACH transmission. Here we give a comparison for the case 1 and 2 from point view of power consumption, i.e.

	
	Option A) transmit data lower than 100 bytes in RRC_INACTIVE, without RRC signaling 
Option B) transmit data more than 100 bytes with state transition to ACTIVE with RRC signaling
	Option B)

transmit all data in ACTIVE with RRC signaling with state transition to ACTIVE 
	Option B) transmit data lower than 100 bytes in RRC_INACTIVE with RRC signaling
Option B) transmit data more than 100 bytes with state transition to ACTIVE with RRC signaling

	Nubmer of RRC resume procedure
	RRC resume procedure= 533
	RRC resume procedure= 1623
	RRC resume procedure= 533 
Data accompanied RRC Resume/Suspend signaling
= 10922

	L2/L3 Signalling overhead(bytes)
	70 * 533 + 2 (e.g. C-RNTI)*2 * 10922
=80,988
	70 * 1623
= 113,610

	70 * 533 + 34 * 10922 
= 408,658


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

	Duration of SignallingTransmission (ms)
	State transition to ACTIVE (533*17.5)
+
State transition to INACTVIE (533 *3)
= 1,905

	State transition to ACTIVE (1623*17.5) +
State transition to INACTVIE (1623 *3)
= 33,271

	State transition to ACTIVE (533*17.5) 
+
State transition to INACTVIE (533 *3)
+
Data accompanied RRC Resume/Suspend signaling (10922*3)
=43,692


Table 2: Power consumption analysis of UL transmission options
According to the analysis in Table 2, it can be observed that OPTION A has the least duration in RRC_ACTIVE and signalling overhead, therefore the power consumption is the lowest one. 
According to the analysis above, RAN2 is kindly requested to agree the uplink small data transmission without transition to RRC_ACTIVE state without RRC signalling.
Observation 8: Data transmission without transition to RRC_ACTIVE 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: If data transmission requires a mechanism to have UE MAC and 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, including unique RAN UE ID in a RAN notification area and a temporary C-RNTI.
Observation 2: UE send the data including logical channel ID, RNA UE ID/C-RNTI UE ID, PDCP SN, and RLC SN.

Observation 3: For a short time after reception of UL 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: For a small number of transmissions based on reported BSR, C-RNTI can be allocated to the UE and scheduling transmission in INACTIVE state.
Observation 5: Whether to use direct data 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.
Observation 6: 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 based on RNA UE ID or routing data to the anchoring gNB. 

Observation 7: When the UE moves cells in a gNB/RNA, UE maintains COUNT and uses the same key for last transmission in INACTIVE state.
Observation 8: Option A) data transmission without RRC signalling without transition to ACTIVE state 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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