3GPP TSG RAN WG2 #99
Tdoc R2-1708620

Berlin, Germany, 21- 25 August 2017


Agenda Item:
9.13.5
Source: 
Qualcomm Incorporated
Title:    
NB-IoT RRC connection release enhancements
Document for:

Discussion and Decision
1 Introduction
Main use cases for NB-IoT is for transmission of small amount of data per RRC connection. NB-IoT uses RLC Acknowledged Mode combined with physical layer HARQ. One of the objective of the new WID [1] for NB-IoT is as follows:

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

This paper analyses the RRC connection release sequence and identifies areas that can be further optimised to reduce power consumption through reduced number of transactions and overall RRC connected mode time.
2 RRC Connection Release
2.1 Current RRC Connection Release steps
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The specification supports delay of RRC connection release following successful transfer of data as well as immediate RRC connection release as depicted in Figure 1. UE sets the BSR to zero in the MAC PDU containing the last RLC data. Note, NPUCCH is supported through NPUSCH Format 2.
Figure 1 Steps in RRC Connection Release procedure
As can be seen in Figure 1, after sending last uplink application data block, there are several transactions involved before RRC connection is released even if a downlink MAC PDU carries both RLC Status PDU and RRC Connection Release message. Note, eNB may make use of Release Assistance Indicator (RAI) to decide if both RLC STATUS PDU and RRC CONNECTION RELEASE can be transmitted in the same MAC PDU. 
For majority of cases in NB-IoT control plane CIoT EPS optimisation, the RRC Connection Release message carries no additional information such as extendedWaitTime or redirectedCarrierInfo while ReleaseCause is set to other. Typically network polls UE for RLC Status when RLC PDU carries RRC Connection Release message to ensure both UE and network transition to idle state around the same time. But network could omit the poll but then it may not be sure if UE has entered idle state or not. Given NB-IoT has no downlink HARQ (corresponding to UL transmission), UE does not actually know if network has received the RLC STATUS message before the connection is actually released. UE would typically remain in connected state for up to 10 seconds monitoring NPDCCH in case eNB resends DCI to repeat RRC Connection Release message if it fails to receive RLC Status from UE.
Observation 1:
RRC connection release overhead is quite large for application that transmit small amount of data (e.g. at most a few MAC blocks).

Observation 2:
UE may need to be active for up to 10 seconds after receiving RRC Connection Release message thus consuming power.
Observation 3:
RAI introduced in Release 14 is an ideal mechanism to trigger eNB to release the RRC connection immediately.

The following section proposes alternative schemes to make connection release faster and more reliable.

2.2 RRC Connection Release Enhancements
One way to optimise the release procedure is to not poll the UE for RLC status message but instead request the UE through DCI to send the HARQ at least one more time as depicted in Figure 2. If network receives positive HARQ at least once then eNB knows UE has received the RRC Connection Release message and has entered idle mode. With this approach there is no need for UE remain in connected state for up to 10s after it has sent repeated HARW. Transmission of HARQ requires fewer transmission resources than transmission of RLC Status message.
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Figure 2 Optimized RRC Connection Release 
One way to support this optimised release mechanism without making changes to DCI is as follows:
· UE signals its support in UE capabilities.

· Network signals its support for this procedure via SIB. Including this capability in RRC CONNECTION SETUP message does not work because network may not know UE capability at the time it sends RRC CONNECTION SETUP message.
· Then if UE receives a MAC PDU that contains both RLC STATUS and RRC CONNECTION RELEASE message in one MAC PDU without RLC polling then UE re-transmits the HARQ after a fixed period of sub-frames from the first transmission of the HARQ. This requires upper layers to trigger transmission of Repeat HARQ after having processed the RRC CONNECTION RELEASE message. This means the minimum time between reception of RRC CONNECTION RELEASE message and the start of transmission of Repeat HARQ needs to be 45ms (see section 11.2 of [3]).
Even further optimal RRC connection release approach is for network to signal both successful reception of all RLC data PDUs as well as RRC Connection Release using a specific DCI as shown in Figure 3. 
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Figure 3 Further Optimized RRC Connection Release 
In order to get confirmation from UE that it has received DCI then DCI could provide HARQ scheduling information in order for UE to confirm reception of DCI as depicted in Figure 3 (a). As in the previous proposal, HARQ could be repeated once but in this case Repeated HARQ could be done immediately after the initial HARQ transmission (or, equivalently, the “HARQ+repeat HARQ” may be replaced by a single HARQ with a larger number of repetitions). 
NB-IoT currently supports one DCI format on the downlink but with different coding depending on value of NPDCCH Order Indicator bit. When NPDCCH Order Indicator bit is set to 1 then 13 out of the 23 bits of NPDCCH are ‘spare’ and are all set to 1 (these are used as an additional mechanism to reduce false alarms). Therefore, it is possible to make use of these ‘spare’ bits to signal additional information such as:
· UE to consider all uplink RLC data blocks as ACKed.

· UE to consider RRC connection released upon transmission of HARQ (if requested) and return to idle.
· HARQ Resource (for both initial and Repeat HARQ).
Table 1 shows the meaning of each bit in the current DCI format N1 for PDCCH order while Table 2 shows the proposed modification.

Table 1 Existing DCI format N1 interpretation

	Bit
	Value
	Meaning

	0
	1
	Flag for format N0/format N1 = N1

	1
	1
	NPDCCH order indicator set

	2, 3
	00, 01, 10, 11
	Starting number of NPRACH repetitions

	4, 5, 6, 7, 8, 9
	000000, 000001, …, 111111
	Subcarrier indication of NPRACH

	10, 11, …, 22
	111… 1
	13 spare bits all set to 1.


Table 2 New DCI format N1 interpretation with HARQ as confirmation
	Bit
	Value
	Meaning

	0
	1
	Flag for format N0/format N1 = N1

	1
	1
	NPDCCH order indicator set

	2, 3
	00, 01, 10, 11
	Starting number of NPRACH repetitions

	4, 5, 6, 7, 8, 9
	000000, 000001, …, 111111
	Subcarrier indication of NPRACH

	10
	0
	Optimized RRC Connection Release Indicator

	11, 12, 13
	000, 001, …, 111
	Scheduling delay

	14, 15, 16, 17
	0000, 0001, …., 1111
	HARQ-ACK resource

	18,19,20,21,22
	00000
	5 spare bits all set to 0.


A UE supporting optimised RRC connection release would look at bit 10 of DCI for PDCCH order to determine if it is a PDCCH order or an optimised RRC connection release command. If bit 10 is set to ‘1’ then UE follows the existing procedures for PDCCH order. If bit 10 is set to ‘0’ then UE follows the optimised RRC connection release procedure as stated above. Additionally, or optionally, if bit 10 is set to ‘0’, bits 2-9 may be set to a constant (e.g. ‘0’) that can be used as an additional check to avoid false alarms.
Other implementations of the specific DCI for RRC release would be to use a different RNTI, or use other invalid states of DCI N0/N1.
For the case of HARQ confirmation of RRC release, the number of repetitions of NPUSCH may be increased with respect to the usual NPUSCH for data. This increase in number of repetitions may be fixed in specification (e.g. 2x the number that is semi-statically configured) or may be indicated explicitly in the DCI.

Another way to get confirmation that UE has received the DCI ordering UE to release RRC connection is for UE to send PRACH as shown in Figure 3 (b). Given that Release 14 of NB-IoT supports contention free random access, this approach is viable. To support this, the DCI format for PDCCH order can be modified such that the first spare bit is used to signal both RLC acknowledgement and RRC Connection Release and bits 11 – 16 used to signal NPRACH preamble as shown in Table 3. 
Table 3 New DCI format N1 interpretation with NPRACH is confirmation

	Bit
	Value
	Meaning

	0
	1
	Flag for format N0/format N1 = N1

	1
	1
	NPDCCH order indicator set

	2, 3
	00, 01, 10, 11
	Starting number of NPRACH repetitions

	4, 5, 6, 7, 8, 9
	000000, 000001, …, 111111
	Subcarrier indication of NPRACH

	10
	0
	Optimized RRC Connection Release Indicator

	11,12,13,14,15,16
	000000, 000001, …, 111111
	NPRACH preamble.

	17, 18, … , 22
	000…0
	6 spare bits all set to 0.


Upon receiving DCI for PDCCH order with Optimised RRC Connection Release Indicator set to ‘Release’, 

· UE considers all transmitted RLC data blocks acknowledged.

· UE transmits PRACH using PRACH resources provided in the DCI

· After completion of PRACH transmission, consider RRC connection released with cause ‘other’.
Note: There are sufficient spare bits in the modified DCI shown in Table 2 and Table 3 to carry RRC Transaction Identifier (3-bits), if required. 
2.3 Potential saving
The following Table 3 shows the potential saving (in bits) for the optimizations proposed in Figure 2 and Figure 3(a) compared to Figure 1(b).

Table 3 Potential saving in bits exchanged between eNB and UE

	Message
	Channel
	Size (bits)

	
	
	Current
	Fig 2 Opt
	Fig 3a Opt

	DCI
	NPDCCH
	23
	23
	23

	RLC Status + Release
	NPDSCH
	76
	76
	0

	HARQ
	NPUCCH
	1
	1
	1

	DCI
	NPDCCH
	23
	0
	0

	RLC STATUS
	NPUSCH
	32
	0
	0

	Repeated HARQ
	NPUCCH
	0
	1
	1

	Total (bits)
	
	155
	101
	25

	Saving (%)
	
	0
	35
	84


As can be seen from Table 3 the potential saving with optimisation shown in Figure 3(a) is quite substantial. But not only the number of bits exchanged between UE and eNB is reduced but the total UE wake-up time is substantially reduced. These benefits will provide significant power savings for small uplink data transfer.
2.4 Specification impact

The overall specification impact is as follows:

1. Modify or define new DCI coding [RAN1]
2. Define new trigger from physical layer to RRC that indicates network commands UE RLC to consider all transmitted blocks acknowledged and to release RRC connection.

3. New trigger from RRC to RLC to consider all transmitted blocks as Acked.
3 Summary
This document highlights the inefficiency of RRC connection release mechanism when such a connection is used for small data transfer.
Observation 1:
RRC connection release overhead is quite large for application that transmit small amount of data (e.g. at most a few MAC blocks).

Observation 2:
UE may need to be active for up to 10 seconds after receiving RRC Connection Release message thus consuming power.

Observation 3:
RAI introduced in Release 14 is an ideal mechanism to trigger eNB to release the RRC connection immediately.

Proposal 1: RAN2 to discuss the proposed mechanisms to improve efficiency of RRC connection release.
Proposal 2: RAN2 to agree on one of the proposed approach. Sourcing company prefers the highly-optimised proposal in Figure 3. 
Proposal 3: Request RAN1 to review selected approach, decide between option 3(a) or 3(b) and make necessary changes to their specifications.
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