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1. Introduction
At RAN#71, the following way forward on Resume ID was approved for NB-IoT U-plane based solution [1].
· For NB-IoT
· From RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume).

· For UP solution, Source eNB assigns ID which is 40 bits. This is signaled in Msg3 to the target eNB.

· How to map UE and network part to 40 bits is not visible to the UE and can be discussed in RAN3.
· No change to agreement to use short MAC-I or provide NCC in Msg4.

· Non-NB IoT case will be discussed separately in TEI13 in RAN2#93bis.
This paper attempts to discuss Msg.3 TBS for non-NB-IoT UEs and how the information required for the resume operation can be included in Msg.3.
2. Discussion
2.1. Msg.3 TBS for non-NB-IoT UEs
For NB-IoT UEs, Msg.3 TBS is agreed to extend to 64 and 80 bits. It seems reasonable since the coverage extension mechanism can compensate the loss of link layer characteristics due to the increased TBS size. Given that typical use cases for NB-IoT are delay tolerant, the increased delay due to repetition would not be significant. In contrast, for non-NB-IoT UEs, especially for UEs not supporting the coverage extension mechanism, there is no way to compensate the loss of link layer characteristics. A sanity assessment should be conducted for deciding Msg.3 TBS for non-NB-IoT UEs.
Table 1 and 2 shows link layer simulation results on Es/N0 (dB) required for 10 % of PUSCH BLER at initial transmission in terms of TBS. The simulation assumptions and the detailed results can be found in Annex sections in this paper. If Msg.3 TBS is increased to 80 bits, around 1 dB loss of the required Es/N0 is observed. Msg.3 TBS of 64 bits also results in 0.3-0.4 dB loss of the required Es/N0 compared to the existing TBS. These observations imply that the failure rate of receiving Msg.3 at the eNB is increased, in particular from the UE at the cell edge. This would result in deteriorating the successful rate of establishing or resuming an RRC connection at the cell edge. Since Table 1 and 2 are the results for initial transmission, subsequent HARQ retransmission can compensate the performance loss. Nevertheless, relying on HARQ retransmission also results in increasing the delay of connection establishment/resume. Given that “non-NB-IoT UEs” are comprised of delay sensitive UEs (e.g., smartphone) as well, it is important to keep the successful rate and the delay of connection setup/resume as it is altogether.
Table 1:
Es/N0 (dB) for 10% of PUSCH BLER at initial transmission (1/2 RBs)
	RB
	Propagation conditions
	OFDM symbols
	Msg.3 TBS (black: conventional, red: new)

	
	
	
	56 bits
	64 bits
	72 bits
	80 bits
	104 bits

	1 RB
	AWGN
	13
	-2.97
	-2.60 (0.37)
	-2.20 (0.77)
	-1.80 (1.17)
	-0.70 (2.27)

	
	
	14
	-3.19
	-2.96 (0.23)
	-2.70 (0.49)
	-2.20 (0.99)
	-1.11 (2.08)

	
	EVA 5Hz
	13
	0.76
	1.17 (0.41)
	1.61 (0.85)
	1.99 (1.23)
	3.16 (2.4)

	
	
	14
	0.41
	0.79 (0.38)
	1.13 (0.72)
	1.57 (1.16)
	2.67 (2.26)

	
	ETU 70Hz
	13
	2.82
	3.25 (0.43)
	3.72 (0.9)
	4.12 (1.3)
	5.33 (2.51)

	
	
	14
	2.55
	2.97 (0.42)
	3.34 (0.79)
	3.77 (1.22)
	4.90 (2.35)

	2 RBs
	AWGN
	13
	-5.60
	-5.20 (0.4)
	-4.90 (0.7)
	-4.70 (0.9)
	-4.01 (1.59)

	
	
	14
	-5.80
	-5.50 (0.3)
	-5.20 (0.6)
	-4.99 (0.81)
	-4.30 (1.5)

	
	EVA 5Hz
	13
	-2.06
	-1.66 (0.4)
	-1.35 (0.71)
	-1.09 (0.97)
	-0.31 (1.75)

	
	
	14
	-2.31
	-2.01 (0.3)
	-1.67 (0.64)
	-1.35 (0.96)
	-0.64 (1.67)

	
	ETU 70Hz
	13
	-0.32
	0.00 (0.32)
	0.36 (0.68)
	0.71 (1.03)
	1.56 (1.88)

	
	
	14
	-0.51
	-0.21 (0.3)
	0.11 (0.62)
	0.45 (0.96)
	1.22 (1.73)


NOTE:
The value in parentheses shows the loss (dB) from the existing TBS, i.e., 56 bits.
Table 2:
Es/N0 (dB) for 10% of PUSCH BLER at initial transmission (3 RBs)

	RB
	Propagation conditions
	OFDM symbols
	Msg.3 TBS (black: conventional, red: new)

	
	
	
	56 bits
	64 bits
	80 bits
	88 bits
	144 bits

	3 RBs
	AWGN
	13
	-6.90
	-6.60 (0.3)
	-6.10 (0.8)
	-5.90 (1.0)
	-4.60 (2.3)

	
	
	14
	-7.10
	-6.80 (0.3)
	-6.40 (0.7)
	-6.20 (0.9)
	-4.90 (2.2)

	
	EVA 5Hz
	13
	-3.56
	-3.25 (0.31)
	-2.74 (0.82)
	-2.48 (1.08)
	-1.01 (2.55)

	
	
	14
	-3.83
	-3.50 (0.33)
	-3.03 (0.8)
	-2.74 (1.09)
	-1.28 (2.55)

	
	ETU 70Hz
	13
	-2.00
	-1.64 (0.36)
	-1.15 (0.85)
	-0.85 (1.15)
	0.60 (2.6)

	
	
	14
	-2.12
	-1.79 (0.33)
	-1.26 (0.86)
	-1.05 (1.07)
	0.38 (2.5)


NOTE:
The value in parentheses shows the loss (dB) from the existing TBS, i.e., 56 bits.
Consequently, the following is proposed.
Proposal 1:

For non-NB-IoT UEs, Msg.3 TBS is kept as it is, i.e., 56 bits.

Proposal 1a:
The size of UL-CCCH-Message in Msg.3 is also kept as it is, i.e., 6 octets. It includes the RRCConnectionRequest message and an existing or a new RRC message for connection resume.
2.2. Resume ID
According to the RAN plenary decision [1], Resume ID is a 40 bit length identity included in Msg.3 for NB-IoT. Increasing Msg.3 TBS to 80 bits was intended to include Resume ID in Msg.3. For non-NB-IoT UEs, if Msg.3 TBS is the same as legacy proposed in the previous sub-clause, Resume ID can be segmented and delivered in Msg.3 and 5 as proposed in [2]. This approach does not always require the UE to include Resume ID in both Msg.3 and 5. If the eNB can identify the source eNB and the UE context from the segmented part of Resume ID in Msg.3, the rest part of Resume ID does not have to be reported in Msg.5. The proposed approach is implemented such that the UE include the rest part of Resume ID only if the eNB asks to report in Msg.4.
If the eNB cannot identify the source eNB and the UE context, only SRB1 can be resumed and AS security cannot be re-activated upon receiving and processing Msg.4. The conventional SMC and RRC reconfiguration procedures are required to activate AS security and resume the other radio bearers (SRB2 and DRB). In this case, the benefit of signalling reduction by the U-plane based solution is diminished. Nonetheless, it is not a typical case, but a rare case in practice and so the potential drawback seems marginal. Subsequently, the followings are proposed.
Proposal 2:
Resume ID can be segmented and its least significant bits as large as possible are included in Msg.3 for RRC resume.
Proposal 2a:

The UE reports the rest bits of Resume ID in Msg.5 if asked by the eNB in Msg.4.
2.3. Data volume indicator
For NB-IoT UEs, a data volume indicator (4 bits) was agreed to include in Msg.3 for both connection establishment and resume. It was aimed at multiplexing U-plane data when Msg.5 is sent. By doing this, the UE can reduce the time stayed in RRC_CONNECTED and so reduce the power consumption. Increased Msg.5 TBS to 64 and 80 bits was also intended for this purpose. For non-NB-IoT UEs, if Msg.3 TBS is the same as today, there is no room to add the 4-bit length indicator. If Msg.3 TBS is increased to accommodate the data volume indicator, the successful rate and the delay of connection setup/resume is deteriorated as explained in sub-clause 2.1. In particular, the main objective to reduce the active time in the connected mode is entirely diminished if the connection setup/resume is delayed due to HARQ retransmission. Furthermore, the potential advantage becomes weaker if non-NB-IoT UEs are targeted for which the amount of data volume is large. As such, the following is proposed.
Proposal 3:

A data volume indicator is not introduced for non-NB-IoT UEs.
2.4. Indication of C/U-plane solution support
In the NB-IoT ad-hoc meeting, the necessity of indicating C/U-plane solution support in Msg.3 was discussed. As explained in sub-clause 2.1, it is not possible to include additional information in Msg.3 if the Msg.3 is kept as today. For this case, the past experience on Cat.0 would be reminded. It was discussed in length when and how support of Cat.0 can be indicated. In the end, RAN2 decided to assign a dedicated LCID of CCCH for Cat.0 UEs. With this approach, the Msg.3 size can be kept as it is from RRC and MAC point of view. Therefore, the same approach is proposed for indicating C/U-plane solution support.
 Proposal 4:

Support of C/U-plane solution is indicated by LCID in the MAC header for Msg.3.
2.5. Indication of eNB support for U-plane solution
No matter how an RRC connection is resumed, the UE needs to know whether the eNB supports resuming an RRC connection before initiating the resume procedure. Otherwise, when the UE stores the AS context in RRC_IDLE and initiates resuming the stored context, the UE may send the request message to the legacy eNB not supporting the U-plane solution. At RAN2#93, RAN2 agreed the following fallback mechanism in case of RRC resume failure.
· In case of RRC resume failure, the eNB may send an RRC connection setup, after which the UE does the needed AS-NAS interaction, and UE responds by NAS + RRC connection confirm message.
Nevertheless, the eNB can respond as agreed only if the eNB can comprehend the received request message for resume. If not, the eNB behaviour is uncertain like the unknown establishment cause. To avoid this, a sensible way is to tell the UE whether the U-plane based solution is supported in advance. Therefore, the following is proposed.
Proposal 5:

The eNB indicates support of U-plane solution in system information.
2.6. How to retain AS context in RRC_IDLE
At RAN2 #92 and NB-IoT ad-hoc in January, the following was agreed in the NB-IoT session.

· Agree that the UE may retain the AS context in RRC_IDLE mode for UP solution. RAN2 assumes that this enhanced RRC_IDLE state is referred to as RRC_IDLE but this may be revisited.
· From RRC point of view there are two RRC states i.e. RRC_CONNECTED and RRC_IDLE and when NB-IoT UE is given suspend command the UE moves to RRC_IDLE and transitions to RRC_CONNECTED on resume.
These agreements can be applied for non-NB-IoT UEs as well. According to the existing UE behaviour when the UE leaves RRC_CONNECTED and goes into RRC_IDLE, all radio resources are released as described in sub-clause 5.3.12 of [3]. Even if the existing RRC_IDLE is enhanced for the UE to retain the AS context, the existing UE behaviour should be kept as much as possible to take full advantage of reusing the existing RRC_IDLE state. In that sense, all radio resources including the MAC configuration, the RLC/PDCP entities for all established RBs should be released when going into RRC_IDLE even though the AS context is retained in the RRC_IDLE state as proposed in [4]. The AS context can be stored as an EUTRA-UE variable by defining a new UE variable, e.g., VarAS-Config. To activate the security when resuming an RRC connection, the AS context should also include security context, i.e., SecurityAlgorithmConfig and NextHopChainingCount. The UE also has to retain a Resume ID received in the RRCConnectionRelease message. C-RNTI and PCI in the last serving cell have to be stored to derive shortMAC-I to be included in Msg.3 for resume. Dedicated radio resource and measurement configurations should also be stored for resume. Subsequently, the followings are proposed.
Proposal 6:
For the UE in RRC_IDLE to retain the AS context, a new UE variable, VarAS-Config is defined.
Proposal 6a:
In VarAS-Config, the following configurations are stored.

· RadioResourceConfigDedicated

· MeasConfig

· SecurityAlgorithmConfig

· NextHopChainingCount

· PhyCellId

· C-RNTI

· Resume ID

2.7. How to realise RRC resume
For NB-IoT, RAN2 has been discussing whether the RRC resume is realised by extending the existing RRC connection (re)establishment procedure or a new procedure for the recent meetings. An email discussion was conducted to discuss the remaining issues for NB-IoT before this meeting. For this to decide, one key fact is that access control has to be supported even for the resume request. This is because from the NW point of view, there is no difference between the UE with and without the stored AS context for the congestion management. If the RRC resume were realised by extending the existing RRC connection re-establishment or a new procedure, all the supported ACB mechanisms up to Rel-13 have to be supported for RRC resume. In future releases, whenever a new ACB mechanism is introduced, it has to be implemented for both the RRC connection establishment and the resume. In that sense, from both standardisation and implementation viewpoints, the most efficient approach seems to extend the existing RRC connection establishment procedure. Although a different approach is adopted for NB-IoT, RRC resume for non-NB-IoT UEs does not have to be aligned, in particular if the ASN.1 is separated between NB-IoT and non-NB IoT. Therefore, the following is proposed.
Proposal 7:
The RRC connection resume procedure is realised by extending the existing RRC connection establishment procedure.
3. Summary and proposal
In summary, the followings were proposed.
Proposal 1:

For non-NB-IoT UEs, Msg.3 TBS is kept as it is, i.e., 56 bits.

Proposal 1a:
The size of UL-CCCH-Message in Msg.3 is also kept as it is, i.e., 6 octets. It includes the RRCConnectionRequest message and an existing or a new RRC message for connection resume.

Proposal 2:
Resume ID can be segmented and its least significant bits as large as possible are included in Msg.3 for RRC resume.

Proposal 2a:

The UE reports the rest bits of Resume ID in Msg.5 if asked by the eNB in Msg.4.

Proposal 3:

A data volume indicator is not introduced for non-NB-IoT UEs.

Proposal 4:

Support of C/U-plane solution is indicated by LCID in the MAC header for Msg.3.
Proposal 5:

The eNB indicates support of U-plane solution in system information.

Proposal 6:
For the UE in RRC_IDLE to retain the AS context, a new UE variable, VarAS-Config is defined.
Proposal 6a:
In VarAS-Config, the following configurations are stored.

· RadioResourceConfigDedicated

· MeasConfig

· SecurityAlgorithmConfig

· NextHopChainingCount

· PhyCellId

· C-RNTI

· Resume ID

Proposal 7:
The RRC connection resume procedure is realised by extending the existing RRC connection establishment procedure.

Rel-13 CRs to implement these agreements are provided at this meeting in [5, 6]. In addition to the proposals in this paper, the CRs are implemented assuming that the following agreements made for NB-IoT is applicable to non-NB-IoT UEs as well.

· From RRC point of view there are two RRC states i.e. RRC_CONNECTED and RRC_IDLE and when NB-IoT UE is given suspend command the UE moves to RRC_IDLE and transitions to RRC_CONNECTED on resume.
· Introduce one new code point (e.g. rrcSuspend) for the ReleaseCause in RRCConnectionRelease message.
· We will not introduce a valid time for the stored AS context after RRC is suspended.
· RAN2 assume that multiplexing of CCCH and DTCH in Msg3 is not supported, meaning that we will not spend time to enable this. 

· eNB provides the NCC in RRC resume (MSG4), 

· We assume that we can fully resume by one transmission, also if it requires reconfiguration, by transmitting both an unsecured and a secured message in the same transmission. 

· Re-keying is not supported at RRC resume, unless SA3 thinks re-keying would happen frequently.

· Reuse the ShortMAC-I used at RRC reestablishment as the authentication token also for resume. 

· UE provides the authentication token in Msg3.

· UE resets the COUNT at RRC resume.

· Delta configuration in RRC resume is supported. 

· Introduce the RRC resume reject message. It is FFS if it is a new RRC message or we just reuse the existing RRC message.

· UE replies by a RRC resume complete message (Msg5) to the eNB after resuming the AS context. It is FFS if it is a new RRC message or we just reuse the existing RRC message.

· In case of RRC resume failure, the eNB may send an RRC connection setup, after which the UE does the needed AS-NAS interaction, and UE responds by NAS + RRC connection confirm message.
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Annex A:
Link layer simulation assumptions for Msg.3 TBS

	Propagation conditions
	AWGN, EVA 5Hz, ETU 70 Hz

	Channel bandwidth
	5 MHz

	Rx diversity
	2 Rx

	Cyclic prefix
	Normal

	PRB allocation
	1 RB
	2 RBs
	3 RBs

	TBS size (conventional)
	56, 72, 104 bits
	56, 72, 104 bits
	56, 88, 144 bits

	TBS size (new)
	64, 80 bits
	64, 80 bits
	64, 80 bits

	Retransmission
	5 HARQ transmission

	Channel estimation
	Practical

	Hopping
	w/ mirroring

	SRS transmission
	ON, OFF


Annex B:
Evaluation results of BLER performance for initial transmission in terms of Msg.3 TBS
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