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1 Background
One of the power saving objectives for NB-IoT in REL-15 is [1]:
· Consider further enhancement of quick release of RRC connection after the last data transmission [RAN2]

RAN2 should discuss and evaluate the power consumption gain of quick RRC release and identify potential solutions [2]. This objective is prioritized, i.e. in case a solution is agreed RAN2 should provide complete running CRs/draft CRs to RAN#78 [3].
In this contribution the potential power saving gains of quick RRC release is evaluated, and different solutions are identified.

2 Power saving gains

A first impression of the potential power saving gains of a quick RRC release can be obtained by considering the figure below:
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A quick RRC release shortens the time the UE is in connected mode while the UE waiting for the NW to release the UE, i.e. waiting for the NW to send the RRC release message. During this time the UE is likely in cDRX and the power consumption is low compared to when the UE is transmitting or receiving data/signalling. However the times that the UE is waiting in cDRX can be relatively long compared to the times when the UE is transmitting or receiving data/signalling. 
The power savings in cDRX is dependent on the configuration (e.g. DRX cycle length, number NPDCCH occasions during OnDuration and the number NPDCCH repetitions), and the UE implementation (e.g. whether the UE is able to sleep in between consecutive NPDCCH occasions during the OnDuration): 
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In our analysis the following parameters are assumed:

	
	144 dBm
	154 dBm
	164 dBm

	Numrep
	2
	16
	256

	OnDuration (NPDCCH periods)
	2
	2
	2

	npdcch-StartSF-USS
	4
	4
	4

	NPDCCH period (ms)
	8
	64
	1024

	DRX cycle (ms)
	8192
	8192
	8192

	Duty cycle (OnDuration/DRX cycle)
	0,2%
	1,6%
	25,0%

	Light sleep inbetween Onduration's (mW)
	3
	3
	3

	Rx during Onduration (mw)
	80
	80
	80

	Average cDRX power consumption (mw)
	3
	4
	22


In case the UE is sending or receiving very infrequent, the deep sleep power consumption is the dominating factor for the battery lifetime. Quick release enhancements are only relevant when the UE is (relatively) frequently sending data (obviously). In our analysis the following use case is considered:

1. UE sends 200 bytes in UL

2. UE expects DL data in response (1 sec response latency is assumed)

3. UE receives 65 bytes DL data

4. UE waits for eNB to release the UE

5. eNB releases the UE (1 sec NW inactivity timer)

6. UE waits 10 sec before going to Idle mode

Below an attempt is made to estimate the percentage of time and the percentage of power the UE spends on different activities while the UE is in connected mode [12]: 
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3 < NPSS/NSSS 80 84 124 1284 0% 1% 4% 6% 2% 3%

4 < NPBCH 80 10 80 640 0% 0% 2% 1% 1% 2%

5 > NPRACH (MSG1) 500 14 52 205 0% 0% 1% 6% 6% 3%

6 < NPDCCH (DL assignment MSG2) 80 4 32 256 0% 0% 1% 0% 1% 1%

7 < NPDSCH (MSG2) (7/125 bytes) 80 1 7 57 0% 0% 0% 0% 0% 0%

8 ->  NPUSCH (MSG3) (8 /125 bytes) 500 2 20 164 0% 0% 1% 1% 2% 2%

9 < NPDCCH (DL assignment MSG4) 80 4 32 256 0% 0% 1% 0% 1% 1%
10 < NPDSCH (MSG4) (19/125 bytes) 80 2 19 156 0% 0% 1% 0% 0% 0%
1 > NPUSCH (HARQ ACK) 500 2 4 64 0% 0% 0% 1% 0% 1%
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13 ->  NPUSCH (MSGS) + UL data (200/125 bytes) 500 51 512 4096 6 6
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19 < NPDSCH (DL data 65/85 bytes) 80 8 98 783 0% 0% 3% 1% 2% 2%
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29 10000 10000 10000 5 6
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From this analysis it can be observed that the UE spends considerable amount of time and power on the UL transmission of 200 bytes, which is to be expected. The DL transmission takes much less time and power, due to a reduced power consumption for reception compared to transmission, but also due to fewer bytes in the DL compared to the UL transmission. 

It is however somewhat surprising that the impact of the waiting time in cDRX for the RRCConnectionRelease message is relatively high compared to any other connected mode activity (besides the UL transmission). Furthermore, in case the UE is polled in the RRCConnectionRelease message, the UE may have to wait up to 10 sec, which also have a relatively high impact.  
Observation 1: The power consumption impact while the UE is waiting to be released can be significant
Observation 2: The power consumption impact while the UE is waiting to go to Idle mode after having received the RRCConnectionRelease message can be significant

3 Available solutions

Short NW inactivity timer

The eNB typically uses a NW inactivity timer, i.e. a timer that is re-started when there is new UL/DL data/signalling, to trigger RRC connection release. Compared to LTE (e.g. 10 sec) the eNB could use a shorter inactivity timer in NB-IoT (e.g. 1 sec). A short NW inactivity timer would shorten the time the UE is waiting in connected mode to be released to idle mode, i.e. waiting for eNB to send the RRCConnectionRelease message. When configured the UE is likely to be in cDRX while waiting for the eNB to release the UE.

Traffic in NB-IoT is expected to be small, infrequent and more predictable compared to LTE, e.g. data for machine-to-machine type of communications (e.g. sensors). Many transactions are likely triggered by UL data, and the NW inactivity timer should accommodate for potential DL data from a remote internet host/server as a response to the UL data of the UE. Round trip latencies over the internet, including host response delays, in the order of hundreds of milliseconds could be feasible. 

The NW inactivity timer also needs to accommodate increased Uu latencies in enhanced coverage. These air-interface latencies depend on NW configuration (e.g. max number of repetitions) i.e. coverage enhancement level that is supported. A short NW inactivity timer thus may pose requirements on the eNB to detect transmission attempts from the UE early, i.e. before the actual data is successfully received at RRC level, and to monitor ongoing transmission attempts from the eNB.
NAS RAI

The UE may include an indication in UL NAS data when no further uplink or downlink data transmission is expected, or when only a single downlink data transmission (e.g. acknowledgement or response to uplink data) and no further uplink data transmission subsequent to the uplink data transmission is expected (see section 9.9.4.25 in TS 24.301). The MME can use this information to release the S1 connection, which will trigger the eNB to release the RRC connection.

AS RAI
When AS RAI is configured in the UE (see rai-Activation IE in 36.331) and the UE sends BSR=0 this implies that the UE does not have more data to send or receive in the near future (see section 5.4.5 in 36.331). The eNB can use this information to release the UE more quickly, without waiting for the NW inactivity timer to expire. 

Based on the available solutions it proposed: 

Proposal 1: RAN2 to discuss the need for further enhancements for quick RRC release
4 Further enhancements
In this chapter potential further enhancements for a quick RRC release are evaluated. 
RRCConnectionRelease message handling

The signalling during RRC connection release is depicted below:
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Due to the asynchronous UL HARQ operation in NB-IoT the UE has to wait up to 10 sec before it can go to idle mode, when succesful acknowledgement indication by lower layers is not supported or not received:

5.3.8.3 Reception of the RRCConnectionRelease by the UE
The UE shall:

1>
…
1>
for NB-IoT, delay the following actions defined in this sub-clause 10 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier.

In case the lower layers indicate the successful acknowledgement of the receipt of the RRCConnectionRelease message this means that the UE has sent a HARQ ACK and an RLC status report, if polled, for RRCConnectionRelease message and waited for UL HARQ RTT timer length and drx-ULRetransmissionTimer period without receiving an UL grant [4].

If configured the UE is waiting in cDRX to receive the RRCConnectionRelease message. To receive the RRCConnectionRelease message the UE has to receive NPDCCH (2x) and NPDSCH and the UE has to transmit on NPUSCH. Furthermore the UE may have to wait up to 10 sec before going to idle mode. The RRC connection release signaling constitutes a smaller fraction of the total signaling needed for a typical UL data transmissions followed by a DL data transmission:
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With early data transmission in MSG3 (UL data) and MSG4 (DL data) some signalling can potentially be saved, but for the typical use case where there is UL data followed by DL data (after MSG4, i.e. any DL data in response to UL data is likely not be available for MSG4 yet) there is no reduction in signalling, i.e. the UE is waiting in cDRX to be released.
RRC release without poll request or RLC UM for SRBs
The NW can decide not to poll the UE in the RRCConnectionRelease message. This implies that the UE may go to idle mode after having sent the HARQ ACK provided that the UE supports the lower layer indication. In case RLC UM [5] is used for SRBs without the introduction of RRC re-transmissions, then the UE can also go to idle mode after sending HARQ ACK. The RLC acknowledgement adds another level of reliability to the MAC HARQ.
UL HARQ-ACK feedback
One of the power saving objectives for the REL-15 efeMTC enhancements [6] is to evaluate HARQ-ACK feedback in DL for data transmission in UL to reduce MPDCCH monitoring time. RAN1 is evaluating different possible HARQ-ACK feedback channels [7]. RAN1 agreed that if explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH. The time that the UE is waiting in connected mode before going to idle mode (up to 10 sec) could be reduced with a HARQ-ACK feedback channel for the RLC SR [8]: 
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Observation 3: UL HARQ-ACK feedback can reduce the time the UE has to wait to go to idle mode after having received the RRCConnectionRelease message. 

DataInactivityTimer without NAS recovery
The DataInactivityTimer was introduced in REL-14 in LTE [9], [10], [11] to solve the problem of a potential RRC state mismatch between UE and eNB when there is a temporary problem in the downlink during transmission of the RRC release message. When there is a temporary downlink transmissions problem the UE may not receive the RRC release message, but also not trigger RLF (dependent on RLF parameter configuration), i.e. the UE stays in connected mode. The eNB however exhausts the maximum number of RLC re-transmissions and locally releases the UE, i.e. the eNB goes to idle mode while the UE remains in connected mode. The UE may then not be reachable, i.e. the eNB may try to page the UE, while the UE is in connected mode. The UE remains in connected mode, as long as the connection is good, also when there are no data transmissions. This RRC state mismatch can be solved by configuring a DataInactivityTimer in the UE that expires when there is no data transmitted or received for some time. In section 5.17 in 36.321 it is specified that the DataInactivityTimer expires when there are no transmissions on DTCH/DCCH and no receptions on DTCH/DCCH/CCCH: 

5.17
Data inactivity monitoring
The MAC entity may be configured by RRC with a Data inactivity monitoring functionality, when in RRC_CONNECTED. RRC controls Data inactivity operation by configuring the timer DataInactivityTimer.

When DataInactivityTimer is configured, the MAC entity shall:

-
if the MAC entity receives the MAC SDU for DTCH logical channel , DCCH logical channel, or CCCH logical channel; or

-
if the MAC entity transmits the MAC SDU for DTCH logical channel, DCCH logical channel;

-
start or restart DataInactivityTimer.
-
if DataInactivityTimer expires, indicate the expiry of DataInactivityTimer to upper layers.

Typically the DataInactivityTimer would be set larger than the data inactivity timer in the eNB that triggers RRC release message to the UE, i.e. the DataInactivityTimer is a back-up mechanism. When the DataInactivityTimer expires the UE goes to idle mode indicating “RRC connection failure” to the upper layers (section 5.3.8.6 in 36.331). This subsequently triggers a NAS signaling connection recovery (TAU request) in the upper layers, which will re-store the RRC state mismatch, and the UE will be reachable again. 
A quick RRC release can potentially be realized with a short DataInactivityTimer configuration in the UE, but then without NAS recovery, because the feature is not intended to resolve any RRC state mismatch, but intended to increase power saving and reduced NW signalling. With a short DataInactivityTimer configuration the UE would thus not wait for the eNB to send the RRCConnectionRelease message, but go to idle mode when the timer expires. The REL-14 DataInactivityTimer has a range of {1, 2, 3, 5, 7, 10, 15, 20, 40, 50, 60, 80, 100, 120, 150, 180} seconds. For example when a DataInactivityTimer of 1 second is configured in the UE, then there is no need to send the RRC release message, but the UE would go to idle mode after 1 second of absence of data transmissions and receptions. 
A short DataInactivityTimer needs to allow for any UL and/or DL data transfer to successfully complete while the UE is in connected mode. The DataInactivityTimer thus needs to be long enough for any DL data to arrive that is sent as a response of the UE’s UL data. This time should also include the response delay of a remote internet host, but these delay could be in the order of hundreds of milliseconds:
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Especially in enhanced coverage it may take some time before a complete SDU is transmitted and a complete SDU is received. To avoid a premature release in case of a short DataInactivityTimer the DataInactivityTimer should not expire while L1 transmission and/or reception is still ongoing: 
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Observation 4: When DataInactivityTimer is used for quick RRC release the timer should not expire during ongoing L1 transmission and/or reception
It may not be trivial to configure short DataInactivityTimer in the UE, i.e. which value to select? Preferably the timer value should be as short as possible, but it should also account for most/all UL and DL data to complete. In case of suspend/resume the eNB may have some information in the stored UE context that can help to configure an appropriate value. In case the timer value is too short, or the one-size-fits-all approach does not hold, the signaling and power consumption could actually increase:

Observation 5: Too short DataInactivityTimer increases power consumption and network signalling

Both UL HARQ-ACK feedback and short DataInactivityTimer avoid the latency and power consumption with an explicit RRC release. The DataInactivityTimer has perhaps only a minor additional improvement on the power consumption compared to the UL HARQ-ACK feedback, but does provide a network signaling reduction as well. It is proposed that RAN2 discusses the need to reduce the power consumption with the RRCConnectionRelease message, and evaluates the feasibility of any solution further: 

Proposal 2: RAN2 to discuss the need to reduce the power consumption with the RRCConnectionRelease message and evaluate UL HARQ-ACK feedback or short DataInactivityTimer further if a solution is needed.

5 Summary

RAN2 is kindly asked to discuss quick RRC connection release enhancements: 

Observation 1: The power consumption impact while the UE is waiting to be released can be significant

Observation 2: The power consumption impact while the UE is waiting to go to Idle mode after having received the RRCConnectionRelease message can be significant

Proposal 1: RAN2 to discuss the need for further enhancements for quick RRC release
Observation 3: UL HARQ-ACK feedback can reduce the time the UE has to wait to go to idle mode after having received the RRCConnectionRelease message. 

Observation 4: When DataInactivityTimer is used for quick RRC release the timer should not expire during ongoing L1 transmission and/or reception

Observation 5: Too short DataInactivityTimer increases power consumption and network signalling

Proposal 2: RAN2 to discuss the need to reduce the power consumption with the RRCConnectionRelease message and evaluate UL HARQ-ACK feedback or short DataInactivityTimer further if a solution is needed.
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