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Introduction
One of the objectives of the Rel-15 NB-IoT WID is to provide enhancements to RRC connection release:

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

Although this is a RAN2-led item, one of the proposed techniques to enhance RRC release is by introducing a DCI-based mechanism for connection release. In this contribution, we describe this mechanism and explain the potential PHY changes necessary to enable it.
DCI-based RRC connection release
Legacy (Rel-14) RRC connection release message exchange is shown in Figure 1. As it can be seen, it involves a rather large number of messages plus a wait time of up to 10s (due to the lack of PHY acknowledgement of uplink transmission). For the case where the eNB requests confirmation of the RRC connection release, there are up to 8 messages (including control overhead) sent over the air, when RRC Connection Release and RLC status are sent in separate MAC blocks. 
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Figure 1 Steps in Rel-14 RRC Connection Release procedure

In Figure 2 we show an alternative approach where the RRC connection release is performed by DCI. In order to prevent state mismatch between UE and eNB, it is necessary to provide an acknowledgement of the reception of the DCI. This acknowledgement can be provided by NPUSCH (left figure) or by NPRACH (right figure). One possible advantage of providing the ACK via NPRACH is the resilience against loss of uplink synchronization, which may happen after some inactivity period at the UE.


[bookmark: _Ref485819978]Figure 2 Optimized DCI-based RRC Connection Release
The necessary RAN1 changes to enable this feature are described as follows.

1.1. DCI definition
The DCI for RRC connection release can be an extension of the NPDCCH order DCI, by using the spare bits. In Table 1 we show the current DCI format N1 interpretation when used for NPDCCH order indication. The DCI for RRC connection release is an ‘invalid’ NPDCCH order, and depending on the acknowledgement mechanism (see next section) we can have two different alternatives:

- Alternative 1 (Table 2): The last 6 bits of the DCI are all set to zero, which are used to differentiate the DCI format N1 from an NPDCCH order. The NPRACH-related parameters are fixed to a given value to reduce the false alarm. There is a total of 16 fixed bits in this DCI, which gives a false alarm performance similar to 32-bit CRC. 

- Alternative 2 (Table 3): In this case, the DCI is exactly the same as the NPDCCH order, but setting the 13 spare bits to 0 instead of 1. In this case, there is a total of 15 fixed bits in the DCI, which gives a false alarm performance similar to 31-bit CRC.

Note that these proposals assume that no additional information needs to be provided from RAN2. In case some more bits are needed to be delivered to higher layers, they can be introduced in the DCI at the expense of a higher false alarm probability.
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	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.
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	Bit
	Value
	Meaning

	0
	1
	Flag for format N0/format N1 = N1

	1
	1
	NPDCCH order indicator set

	2, 3
	00
	Starting number of NPRACH repetitions

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

	10, 11, 12
	000, 001, …, 111
	Scheduling delay

	13, 14, 15, 16
	0000, 0001, …., 1111
	HARQ-ACK resource

	17, 18,19,20,21,22
	000000
	6 spare bits all set to 0.



Table 3 Alt 2: New DCI format N1 for RRC release
	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
	000…0
	13 spare bits all set to 0.



1.2. Acknowledgement of reception of DCI

We present two mechanisms to acknowledge the reception of the RRC Connection Release DCI, corresponding to the two DCI alternatives mentioned above.

- Alternative 1 (NPUSCH-based HARQ-ACK): With this alternative, the UE acknowledges the reception of the DCI by transmitting a regular NPUSCH format 2. Although this would be the first case for direct acknowledgement of reception of a DCI, similar approaches have been followed in LTE (e.g. for SPS), and the specification impact would be to define the timelines of NPUSCH transmission with respect to DCI. Also, if higher reliability of HARQ-ACK is desired for this particular message, the number of repetitions for this NPUSCH can be increased (e.g. fixed to twice the number of repetitions).

- Alternative 2 (NPRACH based HARQ-ACK): With this mechanism, the impact to RAN1 specification will be minimum (definition of DCI + deliver message to higher layers), since the mechanism to transmit NPRACH after reception of an NPDCCH order is already defined. The ‘random access procedure’ for this new NPDCCH order would be captured in TS 36.321 (e.g., no RAR monitoring, single NPRACH transmission).

Observation: For DCI-based RRC connection release, the following RAN1 impact is identified:
	- For Alt1 (NPUSCH based HARQ-ACK):
		- DCI definition.
		- Definition of HARQ-ACK timeline for DCI.
		- Delivery of ‘RRC Connection Release indication’ to upper layers.
		- Definition of larger number of repetitions for HARQ-ACK (if desired).
	- For Alt2 (NPRACH based HARQ-ACK):
		- DCI definition.
		- Delivery of ‘RRC Connection Release indication’ to higher layers.

In line with the observation above, we propose to send an LS to RAN2 informing them that the changes needed for the definition of DCI-based RRC connection release are feasible from RAN1 perspective.

Proposal: Send LS to RAN2 informing them that the changes needed for DCI-based RRC connection release are feasible from RAN1 perspective.
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RRC Connection Release & RLC Status sent in the same MAC blocks
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