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1 Introduction
The WI description for further NB-IoT enhanced is given in [1]. One of the objectives of the WI is:
· 
Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]
A number of documents ([2]

 REF _Ref496026173 \r \h 
[3]

 REF _Ref496026175 \r \h 
[4]

 REF _Ref496026177 \r \h 
[5]

 REF _Ref496026180 \r \h 
[6]

 REF _Ref496026184 \r \h 
[7]) for this objective were discussed during RAN2#99 meeting and it was agreed to have an email discussion [99#43] [NB-IoT] Email discussion on RRC Connection release (MediaTek) with objective to iron out the character of the proposals on the table, to be able to take well informed decisions at next meeting. The outcome of this email discussion in [8] was further discussed during RAN2#99bis and the following agreements reached:

· We don’t consider RRC release by MAC CE. 

· If is FFS if RRC release can be triggered by PDCCH DCI
· RRC connection release message can be used by the eNB. 

· FFS if RRC Resume ID can be transmitted to the UE in the RRC connection establishment / resume procedure (or reconfiguration procedure).

· UE can go to Idle Mode upon receiving the signalling that triggers RRC release, without RLC-AM Ack and without 10s wait time. FFS if the UE is required to send HARQ Ack or not. 

· RRC release message without RLC-AM Ack can be done by RLC-AM without Poll.
· It is FFS if we Introduce DataInactivityTimer without NAS recovery
· Chair think that R2 cannot specify UL HARQ-Ack Feedback for NB-IoT without a WID and work in R1. 
Further contributions submitted to RAN2#99bis in [13]

 REF _Ref496280014 \r \h 
[14]

 REF _Ref496280017 \r \h 
[15]

 REF _Ref496280019 \r \h 
[16]

 REF _Ref496280021 \r \h 
[17]

 REF _Ref496280024 \r \h 
[18]

 REF _Ref496280034 \r \h 
[19] were noted without presentation and instead it was agreed to have the following email discussion:
	[99bis#36][NB-IoT] RRC release enhancements (QC)


On FFSes and Stage-3 details


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-11-09


The objective of this email discussion is to consider which of the following RRC connection release candidate solutions can be standardised:

1. FFS if RRC release can be triggered by PDCCH DCI

2. UE can go to Idle Mode upon receiving the signaling that triggers RRC release, without RLC-AM Ack and without 10s wait time. FFS if the UE is required to send HARQ Ack or not.

· In this report, this technique is referred to as Immediate idle upon RRC release message
3. It is FFS if we Introduce DataInactivityTimer without NAS recovery
· In this report, this technique is referred to as Timer based transition to Idle without NAS recovery
Furthermore, for UP need to discuss if RRC Resume ID can be transmitted to the UE in the RRC connection establishment/resume procedure (or reconfiguration procedure).
Also identify if any support required from RAN1.
2 Description of enhancement techniques
This section provides high level description of each of the three candidate solutions listed in the previous section. The current RRC connection release mechanism is also shown for easy comparison.

2.1 Current RRC connection Release

The steps involved in RRC connection release according to the current specification are depicted in Figure 1, both with and without RLC poll. While the timer is active, UE monitors PDCCH. 
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Figure 1 Current RRC Connection Release procedure
2.2 Candidate Solution 1: RRC release triggered by PDCCH DCI

The steps involved with RRC connection release via PDCCH DCI are shown in Figure 2.
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Figure 2 RRC Connection Release via PDCCH DCI 

2.3 Candidate Solution 2: Immediate idle upon RRC release message
The steps involved with RRC connection release with immediate return to idle with and without HARQ feedback are shown in Figure 3. In both cases the network does not poll the UE hence the difference compared to Figure 1b is that UE does not monitor PDCCH after reception of RRC Connection Release message. 
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Figure 3 Immediate idle upon RRC connection release

2.4 Candidate Solution 3: Timer based transition to idle without NAS recovery
A timer based approach for RRC connection release is depicted in Figure 4. In this case UE starts/restarts a timer under the same/similar conditions as dataInactivityTimer [10] but after completion of PUSCH transmission or PDSCH reception. While the timer is running UE remains in connected state and monitors PDCCH using C-DRX, if configured. If this timer expires UE releases RRC resources, informs upper layers cause as other to prevent them from performing NAS recovery as opposed to what happens upon expiry of dataInactivityTimer [12]. Note: the figure just has the name ‘timer’ for this timer to avoid confusion with dataInactivitytimer as defined in Release 14.
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Figure 4 Timer based transition to idle without NAS recovery
3 Discussion
3.1 RRC release triggered by PDCCH DCI

If RRC release triggered by PDCCH DCI (see Figure 2) is compared with RRC Connection Release message without poll but with HARQ (see Figure 3a) then following observations can be made:
Observation 1: Reliability of RRC release triggered by PDCCH DCI is better than that of RRC Connection Release message with HARQ and without RLC poll. This is because RRC Connection Release message requires UE to receive PDCCH and PDSCH hence higher probability of failure to receive both correctly. 
Observation 2: RRC release triggered by PDCCH DCI uses fewer transactions hence less power and radio resource compared to RRC Connection Release message with HARQ and without RLC poll.

Question 1: Do you agree with these observations?
Table 1 RRC connection release by PDCCH DCI more efficient than by RRC Connection Release message
	Company
	Yes/No
	Reason if answer is no.

	LG
	Yes
	However, the gain of using PDCCH DCI can be achieved at the cost of following huge impacts.

RRC change:

A new RRC procedure should be introduced for the RRC to handle a new indication from PHY that the RRC connection should be released.

MAC change:

A new MAC procedure should be introduced for the MAC to provide HARQ feedback for the PDCCH without PDSCH.
A new C-RNTI may need to be defined.
PHY change:
A new PDCCH format or new value of DCI should be introduced.

A new PHY procedure should be introduced to handle the new PDCCH format or the new value of DCI.

A new PHY procedure should be introduced to transmit HARQ feedback for the PDCCH DCI without PDSCH.

A new interaction between PHY and RRC should be introduced.

	Intel
	No
	We do not fully agree with the observations as eNB cannot retransmit the PDCCH DCI and there is possibility of false alarm and miss detection with DCI.

	ZTE
	Yes
	Agree with the observations.
We agree there may have impacts on PHY/MAC/RRC specifications for PDCCH DCI scheme, but the impacts may be not so huge, at least we don’t think a new C-RNTI is needed. And we think PDCCH DCI with HARQ may resolve the comment from Intel.

	Huawei, HiSilicon
	Yes 
	This will remove the PDSCH reception and thus is more efficient. However, we think that overall difference in power consumption is rather small.

	Nokia
	Yes
	However, the specification impact is large and RRC state mismatch between UE and eNB may occur more often without RLC ARQ. 

	Mediatek
	No/Yes
	Reliability: No, We think that both methods have the same reliability if there is no RLC ack for the RRC message and there can be a HARQ ack for DCI contents (somewhat strange but this is the proposal, right?)
Overhead: Yes, The DCI method has less overhead as the PDSCH transmission can be skipped. 

	Ericsson
	No
	The release via DCI provides worse reliability as there is no NACK feedback on the DCI transmission. There is one additional DL reception but the number of UL transmissions is the same, which is the pre-dominant factor for the UE power consumption.” Further, calling the feedback “HARQ” is not correct in our view as there is no HARQ involved in this. 

	Veolia
	Yes
	It seems there is less overhead but concrete figures on the gain of each solution are missing from our point of view.

	Qualcomm
	Yes
	RRC connection release via PDCCH/DCI require fewer UE transmissions/receptions.


Question 2: Which of these two schemes is preferred (PDCCH DCI or RRC Message)?
Table 2 Preference between RRC connection release by PDCCH DCI or message
	Company
	PDCCH DCI or RRC Message
	Reason for your answer.

	LG
	RRC Message.
	The gain of using PDCCH DCI can be achieved by introducing a new PDCCH format and new PHY procedures. However, we think introducing a new PDCCH format and new PHY procedures does not justify the gain of using the PDCCH DCI. Moreover, a new interaction between PHY and RRC should be introduced.

Using the RRC message does not change the PDCCH format and PHY procedures, and does not introduce an interaction between PHY and RRC.

	Intel
	RRC message
	

	ZTE
	PDCCH DCI
	As said in observation 1 and observation2, RRC connection release by PDCCH DCI is more reliable and costs less resource than that by RRC connection release message.

	Huawei, HiSilicon
	RRC message
	We don’t understand why we are comparing these two solutions rather than discussing them independently.

We cannot agree with the DCI acting a RLC ACK and do not understand how this will work for the UP solution. 

RRC message can apply to both CP and UP solution, has only UE impact and can be introduced in Rel-14, optional w/o capability signalling.

	Nokia
	RRC message
	

	
	
	

	Ericsson
	RRC message
	The RRC release without Poll is already supported, and the release via DCI only saves one DL message (i.e. limited power savings) while it would require significant changes to handle MAC and RLC via DCI signaling, i.e. we think it is not worth the trouble.

	Veolia
	TBD
	Figures are missing in term of power consumption reduction so we cannot compare really

	Qualcomm
	PDCCH/DCI
	From UE power consumption point of view this is more efficient yet has same reliability as RRC message based release.


In order for eNB to be able to use the PDCCH DCI mechanism for RRC connection release it will need to know whether UE supports this feature. UE can signal this in UE capability as usual. 

In this solution, UE can know from reception of PDCCH DCI that network has commanded UE to consider all uplink RLC PDUs as received and release RRC connection after transmission of HARQ. Therefore, no RRC signalling message changes are required to configure UE to use this mechanism.
Question 3: Do you see need for any other RRC signalling changes?

Table 3 Other RRC signaling changes required for PDCCH DCI
	Company
	Yes/No
	If yes, describe changes

	LG
	Yes
	We don’t agree that configuration of PDCCH DCI is not needed. To receive PDCCH DCI, the UE may have to monitor a new PDCCH resource or a new search space. To avoid unnecessary monitoring, the configuration of the new PDCCH DCI should be supported.

In addition, as PDCCH DCI cannot convey Resume ID, a new RRC signalling should be introduced to provide Resume ID.

	ZTE
	No
	We agree that UE should report its capability of supporting this mechanism and no RRC signalling message changes are required to configure UE to use this mechanism.

	Huawei, HiSilicon
	TBD
	This will be up to RAN1 to decide, if they agree on a new DCI.

	Nokia
	No
	

	Mediatek
	TBD
	Agree with Huawei. It would depend on whether a new DCI format is needed.

	Ericsson
	TBD
	It is not clear if there would be a need for the UE to know that the eNB can sent release via DCI. If the UE does not support the feature (i.e. does not recognize the “additional bits” in the DCI that are set), what is the expected UE behavior? When the eNB does not receive a response (HARQ ACK) from the UE, would the eNB re-transmit, i.e. would this cause unnecessary retransmissions?

RAN2 concluded that in case “release info” would need to be conveyed to the UE in the RRC release that the legacy RRC release can be used (e.g. redirection info, extended wait time). 

However the release via DCI is not supported with suspend/resume where the ResumeID is conveyed in the RRC release message.

	Veolia
	TBD
	Agree with Huawei

	Qualcomm
	No
	But final decision will depend on RAN1 solution.


In [18] potential RRC procedural changes were shown, which effectively mimic the handling of other indications in DCI, such as ETWS. 
Question 4: Any other RRC or MAC procedural changes required?

Table 4 Any other RRC or MAC procedural  changes required  
	Company
	Yes/No
	If yes, what changes?

	LG
	Yes
	RRC change:

A new RRC procedure should be introduced for the RRC to handle a new indication from PHY that the RRC connection should be released.

MAC change:

A new MAC procedure should be introduced for the MAC to provide HARQ feedback for the PDCCH without PDSCH.
A new C-RNTI may need to be defined.
PHY change:
A new PDCCH format or new value of DCI should be introduced.

A new PHY procedure should be introduced to handle the new PDCCH format or the new value of DCI.

A new PHY procedure should be introduced to transmit HARQ feedback for the PDCCH DCI without PDSCH.

A new interaction between PHY and RRC should be introduced.

	ZTE
	Yes
	For UP solution, how to support RRC connection suspension should be considered.

And the UE would not delay 10s before leaving the RRC_CONNECTED state.

	Huawei, HiSilicon
	yes
	PDCCH for paging is different, e.g. for a start there is no HARQ ACK. So at least we see an impact on MAC.

Then, if the DCI was acting a RLC ACK, we think this will also have impact on RLC/PDCP for the user plane solution.

Of course, there is a PHY impact to define a new DCI format

	Ericsson
	Yes
	As stated before changes to RLC and MAC handling would be required. It is new for MAC to react on NPDSCH-less reception, i.e. this is not a normal HARQ ACK, but a DCI ACK. Would there be any latency requirements for the UE to reply with HARQ ACK, also taking into account the RLC ACK info? There is also impact to define new/extended DCI format.

	Qualcomm
	TBD
	Changes, if any, to MAC spec will depend on RAN1 solution. Given that ‘HARQ’ in this case is acknowledgement of reception of PDCCH and not to request re-transmission of PDSCH hence MAC will need to treat HARQ to PDCCH reception different from PDSCH HARQ.


In [6] an example NPDCCH changes were shown but the final decision is up to RAN1 to decide. If RAN2 agrees to support RRC connection release via PDCCH DCI indication then an LS should be sent to RAN1.

Question 5: Do you agree to send LS to RAN1 if there is sufficient support for release via NPDCCH DCI indicator?

Table 5 LS to RAN for release via NPDCCH DCI  
	Company
	Yes/No
	If answer no, why not?

	LG
	Yes
	But the decision should be made in RAN1 because there are huge impacts on PHY.

	ZTE
	Yes
	The new DCI would be designed in RAN1.

	Huawei, HiSilicon
	Yes
	If RAN2 supports having a DCI solution, a LS to RAN1 is needed. The decision of introducing a new DCI should be in RAN1 not RAN2.

	Nokia
	Yes
	LS would be ok, but it is up to RAN1 to decide about new DCI

	Ericsson
	TBD
	That depends on what is formulated in the LS. In our view the solution would need to be evaluated in both RAN1 and RAN2, i.e. there are both RAN1 and RAN2 aspects. Furthermore the proposed solution is still not clear to us, i.e. in [6] different alternatives are described (1 or 2 DCI ACK or PRACH). We do not understand if the eNB should re-transmit if no DCI ACK is received.

	Veolia
	TBD
	We would favor a solution which can be agreed for R14 (REI) first – then we can consider a further improvement which requires RAN1 designing a new DCI. 

	Qualcomm
	Yes
	Request to RAN1 would be to ask for introduction of RRC Connection Release Indication in PDCCH with no PDSCH allocation but with PUSCH grant to send acknowledgement of PDCCH reception. The format of PDCCH acknowledgement would also be up to RAN1 decide.


Given that RRC connection release is triggered by lower layers then the following requirement in 36.331 [12] 

“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.”

Can either be ignored or consider “receipt of the RRCConnectionRelease message has been successfully acknowledged” and UE enters idle mode immediately after transmission of HARQ.

Question 6: Do you agree after transmission of HARQ in response to RRC connection release indication in PDCCH DCI, UE enters idle mode immediately?

Table 6 With PDCCH DCI indication UE returns to idle after transmission of HARQ  
	Company
	Yes/No
	If answer no, why not?

	LG
	No
	The mismatch of UE and eNB should be considered in case the HARQ feedback is lost. Considering that HARQ feedback loss = 10^-2, NACK-to-ACK = 10^-3, and DTX-to-ACK = 10^-2, the state mismatch case should not be neglected. It may be dangerous for the UE to release RRC connection immediately after sending HARQ feedback.

	ZTE
	Yes
	With HARQ-ack for RRC connection release indication in PDCCH DCI, eNB can stop the retransmission of PDCCH DCI and enter idle mode.

UE can save the power consumption by entering idle mode immediately after transmission of HARQ in response to RRC connection release indication in PDCCH DCI. 
If the HARQ-ack is not received by eNB, eNB resource may be wasted since the eNB may retransmit the DCI. But we think it’s less likely that the HARQ feedback is lost, so this is not serious. And the mismatch of UE and eNB can be deal with the DataInactivityTimer.

	Huawei, HiSilicon
	Yes
	Note that this is also True for RRCConnectionRelease w/o poll bit. 

	Nokia
	No
	We agree with LG

	Mediatek
	Yes/No
	We think that when doing RRC release without RLC Ack indeed the probability of state mismatch increases, but we think this might be ok with complementary protection by the DataInactivityTimer.

	Ericsson
	Yes
	After sending DCI ACK the UE can transit to Idle mode, similar as with RRCConnectionRelease without Poll. There is however an increased risked of RRC state mis-match.

	Veolia
	Yes
	This is the whole point – we are looking at power consumption reduction and improvement to satify this objective so the UE needs to return to idle after transmission of HARQ

	Qualcomm
	Yes
	No need to run the 10s timer.


3.2 RRC Connection Release with immediate return to idle
With RRC Connection Release message with immediate return to release without HARQ (Figure 3b), eNB has no knowledge if UE has received RRC Connection Release message. There is high probability UE and eNB can have state mismatch. To minimise this probability eNB would need to blindly repeat transmission of RRC Connection Release message and this consume more radio resources (PDCCH and PDSCH). If there are no or fewer repetitions UE could remain in connected mode until the dataInactivitytimer expires and this has the reverse effect for such UEs (i.e. consumes more UE power). 

Question 7: Do you support RRC Connection Release message without HARQ and without RLC poll?
Table 7 RRC Connection Release message without HARQ and without RLC poll
	Company
	Yes/No
	Reason if answer is Yes.

	LG
	Yes
	We think state mismatch problem is more severe with PDCCH DCI mechanism due to low reliability of HARQ feedback.

The state mismatch problem of RRC release without RLC poll can be overcome by a few repeated transmission, e.g. 2 or 3. In addition, the dataInactivityTimer can be used for the final resort

	Intel
	No
	HARQ should still be performed to reduce the possibility of state mismatch. UE can go into idle once the DRX-retransmissionTimer expires.

This is the solution with least impact to specification and more reliability without state mismatch issue. 

This enhancement already saves UE power by not sending RLC ACK and not waiting until 10s to go to IDLE mode.

	ZTE
	No
	We think HARQ feedback is more efficient than blindly repeated transmission.

If the HARQ is not performed, eNB will not know whether the RRC Connection Release has been received by UE and does not know whether to retransmit it.

	Huawei, HiSilicon
	No
	We do not support RRC Connection Release message without HARQ ACK and without RLC poll. 
We support RRC Connection Release message with HARQ ACK and without RLC poll. We do not see why there would be a higher probability of state mismatch with this solution than with the DCI approach. The rel-14 dataInactivityTimer can be used for recovery.

	Mediatek
	Yes
	By not sending HARQ Ack, we reduce the number of transmissions even further (and thus power consumption). The HARQ Ack can of course help to terminate excessive repetitions by the base-station, but of course the HARQ Ack can also be lost. If the dataInactivityTimer is used the base-station would anyway not need to repeat excessively as it is clear that the UE would anyway go to Idle at timer expiry. If this is applied to the DCI approach we further don’t need the MAC impact to define the HARQ feedback for a DCI. 

	Ericsson 
	No
	UE should send HARQ feedback to enable re-transmissions of the RRC release message in the eNB. After the UE has send HARQ ACK the UE can go to Idle mode. 

	Veolia
	Yes/TBD
	In principle, we agree with Mediatek – if we do not send HARQ ack we reduce power consumption. We are expecting to be immediately released (we will use anyway RAI so do we need an HARQ Ack?).

	Qualcomm
	No
	RRC Connection Release message with no feedback from UE (neither HARQ, nor RLC poll) can leave UE in un-usable connected stated for as long as the dataInactivityTimer. Overall UE power consumption will be increased instead.


Question 8: Do you agree this approach requires PDCCH changes to not allocate HARQ resources?

Table 8 PDCCH changes required to prevent HARQ
	Company
	Yes/No
	Reason if answer is no.

	LG
	No
	We don’t understand the question. No change is required for PDCCH and PDSCH.

	ZTE
	No
	As our comments for Question 7, HARQ is needed.

	Huawei, HiSilicon
	No 
	We support RRC Connection Release message with HARQ ACK and without RLC poll. This does not require any change to PDCCH

	Nokia
	No
	

	Ericsson
	No
	We think it is the wrong question, i.e. the UE should send HARQ feedback.

	Qualcomm
	No
	eNB can just not allocate HARQ resources when sending PDCCH to allocate PDSCH resources for transmission of RLC Connection Release message.


If PDCCH changes are required then RAN1 will need to consider the changes.

Question 9: Do you support sending LS to RAN1 to not configure HARQ to support RRC connection release without HARQ?
Table 9 LS to RAN1 to not configure HARQ to support fast RRC connection release
	Company
	Yes/No
	Reason if answer is no.

	LG
	No
	We don’t think any change is required for PDCCH and PDSCH, and no need to send LS.

	ZTE
	No
	As our comments for Question 7 and 8, HARQ is needed. So not allocating HARQ resources is not needed.

	Huawei, HiSilicon
	No
	See answer to Q8

	Nokia
	No
	We don’t see need for changes

	Ericsson
	No
	See answer to Q8

	Veolia
	TBD
	

	Qualcomm
	No
	See answer to Q8


In order for eNB to not configure HARQ when it sends RRC Connection Release message it needs to know if UE supports immediate return to idle after reception of RRC Connection Release message hence it is assumed this will be signalled in UE capability.
For immediate return to idle would require changes to RRC to not continue to monitor PDCCH for some time after reception of RRC Connection Release message as defined in 36.331 [12] by.

“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.”

Question 10: Do you agree RRC spec changes required to remove this requirement for immediate return to idle?

Table 10 RRC specification changes required for immediate return to idle.
	Company
	Yes/No
	Reason if answer is no.

	LG
	Yes
	Similar to PDCCH DCI, a new RRC procedure should be introduced for the RRC to immediately release RRC connection. However, the benefit with this mechanism is that a new procedure to handle the indication from PHY is not needed.

	ZTE
	Yes
	The RRC specification change is needed so that the UE can return to idle immediately after transmission of HARQ. 

For example, the RRC spec can be simply modified with adding the highlight yellow text as follows:

“….for NB-IoT, delay the following actions defined in this sub-clause till lower layers indicate that the HARQ-ack for the RRC Connection Release has been sent or 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.”.

	Huawei. HiSilicon
	Yes 
	This can been done very simply. E.g. for RRCConnectionRelease w/o poll bit and with HARQ ACK

1>
for NB-IoT, if a receipt of the RRCConnectionRelease message is requested, 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.

	Nokia
	Yes
	

	Mediatek 
	Yes
	

	Ericsson
	Yes, but…
	In our view the MAC and RLC specifications are clear, i.e. it is clear when the UE shall send HARQ ACK/NACK and RLC SR when the UE is polled. 

With asynchronous HARQ it is perhaps not clear, due to the lack of explicit HARQ ACK for uplink transmissions, when the UE can go to Idle mode after having sent the RLC SR. We have tried to clarify that aspect in RAN2#97 (R2-1701022), but this was not agreed.

In our view it is clear that when the UE is not polled, but has sent HARQ ACK, that the release message has been successfully acknowledged, and the UE can go to Idle mode. When UE sends HARQ NACK then the UE cannot transit to Idle mode. We are fine to clarify this, even though we think that this aspect was already clear…

	Veolia
	Yes
	

	Qualcomm
	Yes
	Specification needs to differentiate between UE following normal RRC Connection Release as per release 14 or optimized connection release.


UE would need to know if immediate return to idle is supported by the eNB or not. This could be done either through system information or through RRC dedicated signalling.

Question 11: Should UE know immediate return to idle through broadcast information or dedicated signalling? 

Table 11 How UE determines immediate return to idle to be used or not
	Company
	Broadcast or dedicated signalling
	Comments

	LG
	No signalling is needed.
	The UE does not have to know whether the eNB supports this feature or not. The RLC PDU without Poll can hint the UE that the network supports immediate RRC release.



	ZTE
	No signalling is needed.
	When UE receives the RRCConnectionRelease message without RLC-AM Poll, UE can know implicitly that it can return to idle mode immediately after transmission of HARQ. So eNB capability is not needed.

Only UE capability is needed so that eNB can know whether RRCConnectionRelease message without RLC-AM Poll is supported by UE.

	Huawei, HiSilicon
	No signaling needed
	The eNB does not to know whether the UE supports or not. If the UE does not support, it will wait 10s. 

	Nokia
	No
	Agree with the comments above

	Ericsson
	No signaling needed
	Only in case the UE has send HARQ ACK the UE can go to Idle mode. In other cases (HARQ NACK) the eNB can decide to retransmit the RRC release message, i.e. no impact on the eNB.

	Veolia
	No signaling needed
	Agree with Huawei

	Qualcomm
	No signaling needed
	We think UE should only perform immediate RRC Connection Release if eNB has sent RRC Connection Release message without poll; otherwise UE should follow existing procedure of responding to poll and waiting 10 seconds.


3.3 UE autonomous RRC connection release upon timer expiry

With this approach UE releases RRC connection and returns to idle upon timer expiry. This approach reduces the number of transmissions by the UE to 0 (unless eNB grants any PUSCH transmissions) but the number of receptions depend on timer duration, PDCCH period and connected mode DRX configuration. Therefore, actual reduction in power consumption is difficult to estimate. Since timer expiry is essentially based on no PUSCH transmissions & PDSCH reception and as either of these could also happen due to radio conditions, state mis-match is possible between UE and eNB.
Question 12: Do you support timer based RRC connection release without NAS recovery?

Table 12 Timer based RRC connection release
	Company
	Yes/No
	Comments

	LG
	Yes
	We don’t understand the intention of this question. The DataInactivityTimer is well defined in LTE, and it is useful to avoid state mismatch between UE and eNB. The DataInactivityTimer without NAS recovery is used to prevent RACH procedure triggered by NAS layer (e.g. TAU request).

	Intel
	No
	We agree with the Rapporteur’s view. It is because without receiving the RRC connection release message, there could be issue of state mismatch.

	ZTE
	Yes
	The timer based RRC connection release without NAS recovery scheme can save the UE power consumption most and avoid the RRC state mismatch.

Even for RRCConnectionRelease message or RRC connection release indication in PDCCH DCI, timer is also needed in eNB to trigger sending the RRC message or DCI indication. The only difference is that for RRCConnectionRelease message or RRC connection release indication in PDCCH DCI, the timer is running in eNB. For the timer based RRC connection release without NAS recovery, the timer should be delivered to UE and run in UE. Therefore, number of PDCCH receptions is not increased for timer based RRC connection release compared with the other schemes.

	Huawei, HiSilicon
	No
	Timer based RRC connection release with NAS recovery has been introduced in Rel-14 as a state mismatch recovery mechanism. We shall keep it.

We also do not see how a timer based mechanism would work with release triggered by the MME based on the release assistance information.

	Nokia
	
	Autonomous release will increase the possibility of the state mismatches between UE and eNB. This should be taken into account.

	Mediatek
	Yes
	Whatever method we apply for Reducing overhead for RRC release we are also reducing reliability, e.g. if we apply the already agreed possibility to not Poll for RLC status report. As this is now a normal scenario, and we support this in very bad coverage, we should accept that signaling may fail, and for typical deep coverage devices like water meters, this may be something quite regular. 
Reasoning: The RRC release signaling (RRC or DCI over Uu) would be triggered before Data inactivity timer expiry, and if the MME need to take some NAS action before release is done, the MME can thus take this action before the timer is expired, triggered by UE context release over S1-AP. Thus, if the data inactivity timer expires some time after failed RRC release signaling, the MME would anyway not need to take any action at the signaling connection recovery, as the MME could take those actions already at the RRC release signaling. Thus, in addition to causing significant overhead, there is no motivation to do signaling connection recovery at expiry of the Data Inactivity Timer.


	Ericsson
	Yes
	In our view this approach can be beneficial for UE, i.e. no transmissions/receptions to release the connection, and for the NW, i.e. fewer resources are used to release the UE. 

In our view a datainactivitytimer in the UE is the failsafe mechanism to prevent/recover state-mismatch, i.e. not the one causing it. There can always be temporary state-mismatches because the timers do not exactly expire at the same time in UE and NW, but eventually there will be a match. 

In our view this approach seamlessly can work with legacy RRC release, i.e. this approach can be considered complementary. It also works with AS/NAS RAI, i.e. when the timer has not expired in the eNB, the eNB can send the RRC release message.

	Veolia
	No/TBD
	We have a general concern with timer based approach – it is inefficient and we are trying to get rid of the 10s delay timer this is not to introduce a new one – We are keen to see a solution as simple as other non 3GPP LPWAN protocols where the UE is released immediately after sending its message. 

	Qualcomm
	No
	Given IoT devices are generally working in challenging conditions hence there is much higher possibility of state mis-match between UE and eNB. In any case, the power saving resultant from this approach is not clear compared to PDCCH DCI based approach.


For handling of timer expiry, similar change to those in section 5.3.8.6 of 36.331 [12] are required except the release cause would be other. An example of this change is given in [22].
Question 13: Do you see need for any other RRC procedural changes for timer based RRC connection release?

Table 13 Other RRC procedural text changes required
	Company
	Yes/No
	Comments

	LG
	No
	It is sufficient to change release cause from ‘RRC connection failure’ to ‘other’.

	ZTE
	Yes
	The release cause should be changed to avoid the NAS recovery procedure.
For UP solution, how to support RRC connection suspension should be considered.

	Ericsson
	Yes
	UE should not go to idle mode when there are still L1 transmissions/receptions ongoing. This could be an issue with short timer settings (e.g. 1 sec or shorter). 

The eNB would need to trigger the release of the S1 connection to ensure RRC state-mismatch. 

	Qualcomm
	Yes
	RRC connection release cause sent to NAS needs to be changed. Not clear if this mechanism can be used with UP solution.


It is assumed that UE capability indication required for timer based RRC connection release without NAS recovery as shown in [20]. 

UE needs to know if eNB requires UE to use timer based RRC connection release or not. The most obvious way to do this is via dedicated signalling as shown in [22]. 
Question 14: Dedicated signalling sufficient for configuring UE to use timer based RRC connection release?

Table 14 Dedicated signalling for configuring UE to use timer based RRC connection release
	Company
	Yes/No
	Comments

	LG
	No
	We think no signalling is needed. All NB-IoT UEs could indicate ‘other’ instead of ‘RRC connection failure’ when the DataInactivityTimer expires.

	ZTE
	Yes
	The eNB would configure timer for RRC connection release for the UE via dedicated signalling. If the timer is configured for the UE, the timer based RRC connection release would be used, else the timer based RRC connection release cannot be used. The eNB capability can also be indicated implicitly by whether the timer is configured.

UE needs to report its timer based RRC connection release supporting capability to eNB.

	Huawei, HiSilicon
	yes
	Based on the proposal in [22]

	Nokia
	yes
	

	Mediatek
	Yes
	

	Ericsson
	yes
	A new timer can be configured in MSG4.

	Qualcomm
	Yes
	eNB should decide if this mechanism is to be used or not, as well as the value for the timer. Otherwise UE can only use dataInactivityTimer (if configured) as per current release with NAS recovery.


The CRs provided in [21]

 REF _Ref496793814 \r \h 
[22] imply both the new dataInactivityTimerWithoutNASRecovery and existing dataInactivityTimer can be configured and active simultaneously. 

Question 15: Is it correct to simultaneously configure and have active dataInactivityTimer and dataInactivityTimerWithoutNASRecovery?
Table 15 Simultaneously configure and have active dataInactivityTimer and dataInactivityTimerWithoutNASRecovery
	Company
	Yes/No
	Provide explanation for your answer

	LG
	No
	We think there is no case that DataInactivityTimer(with NAS recovery) and DataInactivityTimerWithoutNASRecovery are configured at the same time. To be more specific, we do not see any reason to use DataInactivityTimer(with NAS recovery) for the NB-IoT UEs. All NB-IoT UEs could indicate ‘other’ instead of ‘RRC connection failure’ when the DataInactivityTimer expires.

	ZTE
	No
	It’s not necessary to simultaneously configure and activate dataInactivityTimerWithoutNASRecovery and dataInactivityTimer. Even both of them are configured and activated, only the one with less value will take effect and make the UE back to RRC_IDLE.
The two timers would be independent. Which one is configured for the UE would be decided by the eNB.

	Huawei, HiSilicon
	No
	We cannot see how a solution with two timers can work, the shorter timer will always expire first. In addition [22] clearly indicates one or the other depending on configuration.

	Nokia
	No
	We cannot see how these two solutions could work together

	Mediatek
	No
	We see no reason why they would be configured simultaneously. 

	Ericsson
	No
	We do not see the need for that, because the shorter timer (without NAS recovery) would expire first. 

	Veolia
	No
	Completely opposed to that

	Qualcomm
	No
	At most only one of the two timers can be configured by the eNB. 


3.4 Resume ID for User Plane
RRC connection release via PDCCH DCI and timer based RRC connection release are not able to provide RRC Resume ID hence for user plane subsequent resumption is not possible. This issue does not exist with RRC Connection Release message. One possible solution is for eNB to provide resume ID during RRC connection establishment/resume/reconfiguration phase. Without such change the PDCCH DCI or timer based RRC connection release methods cannot be used to suspend RRC connection.   
Question 16: Do you support providing resume ID in RRC Connection Setup/Resume/Reconfiguration message?

Table 16 Resume Id in RRC Connection Setup/Resume/Reconfiguration message
	Company
	Yes/No
	Comments

	LG
	No
	With the RRC release without RLC poll mechanism, there is no need to provide Resume ID in other message than RRC connection release.

	Intel
	No
	RRC Connection Release message should be sent to prevent UE-network state mismatch.

	ZTE
	Yes
	For UP solution, the ResumeIdentity is necessary to be provided earlier to UE when timer or DCI indication based RRC connection release is used. 

Previously there has some discussion about whether it’s needed to reassign the ResumeIdentity for the UE. We think at least in the following cases the new ResumeIdentity should be delivered to UE:

1. UE resumes the RRC connection at a new eNB. The eNB would reassign a new ResumeIdentity with the information of this new eNB after successful resumption of RRC connection.  

2. UE resumes the RRC connection, but the eNB cannot find the UE context. The eNB would perform the legacy setup procedure and assign a new ResumeIdentity for the UE.
Furthermore, we think it’s more important to provide the rrc-Suspend indication during RRC connection establishment/resume/reconfiguration phase when timer or DCI indication based RRC connection release is used. As in the current spec, whether to suspend or release the RRC connection is based on the rrc-Suspend indication (releaseCause), not the ResumeIdentity. If rrc-Suspend indication cannot be provided to the UE, it’s impossible to suspend the UE which supports UP solution.
We also think it’s necessary to provide the extendedWaitTime during RRC connection establishment/resume/reconfiguration phase and then timer or DCI indication based RRC connection release can be used later. There has some thinking that even the eNB/UE support enhanced RRC release schemes (timer or DCI indication based RRC connection release), if the eNB wants to set extendedWaitTime in the scenario of network overload, the eNB still needs to use legacy RRC release procedure. We cannot agree that. We think the enhanced RRC release schemes are even more needed in this scenario since these schemes can further reduce signalling exchanging between eNB and UE and alleviate the network load. Moreover, considering that small data are mainly transmitted over NB-IoT and the period of RRC_CONNECTED is short, the network load will not fluctuate drastically during RRC_CONNECTED period, we think it’s no need to worry about the timeliness of this parameter.

	Huawei, HiSilicon
	No
	We don’t like the idea of moving parameters around. 

	Nokia
	
	This would be needed for the UE autonomous release or DCI release solution, because otherwise it would not be possible to suspend the UE. 

	Mediatek
	Maybe
	We see no problem with this, but whether it is needed would depend on the finally chosen solution(s). It seems fair that solutions should be applicable to both CIOT CP and UP optimizations. 

	Ericsson
	No
	There is only a need to move the ResumeID when a quick release enhancement is agreed that does not support the ResumeID. PS: in our view MSG4 makes sense, i.e. there should not be additional signaling. 

The ResumeID is send in MSG4 for EDT, but in such case the UE does not continue to connected mode, but returns to Idle, i.e. is “released”.

	Qualcomm
	Yes
	If timer based RRC Connection Release or PDCCH DCI based RRC connection release are to be applicable to UP then ResumeID needs to be provided before RRC connection release is triggered. Resume ID could be provided in MSG4.


4 Summary

Nine companies participated in the email discussion but not all participating companies responded to all the questions.
Question 1: Do you agree with these observations?
· Six companies agreed RRC connection release triggered by PDCCH DCI is more efficient and reliable than with RRC Connection Release message with HARQ and without poll; 

· Two companies disagreed PDCCH DCI is more reliable than RRC Connection Release message
· One company thinks RRC connection release reliability is same for both solutions but agree PDCCH DCI has less overhead as PDSCH is skipped.
Conclusion 1: Seven out of nine companies agree PDCCH DCI is more efficient with at least same reliability as with RRC Connection Release message.
Question 2: Which of these two schemes is preferred (PDCCH DCI or RRC Message)?

· Five companies prefer RRC Connection Release message with HARQ and without poll.

· Two companies prefer RRC connection release triggered by PDCCH/DCI 

· One company undecided.

Conclusion 2: Most companies prefer RRC Connection Release message with HARQ and without RLC poll because it has the least specification impact.
Question 3: Do you see need for any other RRC signalling changes?

· One company think RRC configuration needed for UE to use PDCCH DCI method for RRC connection release

· Two companies think no RRC signalling changes required to configure UE to use PDCCH DCI method for RRC connection release.  

· Four companies are unsure and it depends on RAN1 solution for this.
Conclusion 3: Final decision can only be reached once RAN1 has done their design.
Question 4: Any other RRC or MAC procedural changes required

· Four companies think more changes than shown in [18] are needed. 
· One company think other changes depend on RAN1 solution.
Conclusion 4: Additional RRC changes may be needed. MAC changes need to define how to handle acknowledgment of PDCCH DCI.
Question 5: Do you agree to send LS to RAN1 if there is sufficient support for release via NPDCCH DCI indicator?
· Five companies agree.
· Two companies not sure. One of these two companies would like to have a solution that can be used in Release 14 and consider further improvements that require RAN1 changes.
Conclusion 5: If RRC connection release via NPDCCH DCI indicator is agreed to be supported by RAN2 then send LS to RAN1 to request changes to NPDCCH DCI.
Question 6: Do you agree after transmission of HARQ in response to RRC connection release indication in PDCCH DCI, UE enters idle mode immediately?
· Five companies agree UE can return to idle after transmission of HARQ in response to RRC connection release indication in PDCCH DCI,
· Two companies disagree as loss of HARQ feedback can lead to state mis-match.
· One company not sure; in their view probability of state mismatch increases compared to RRC Connection Release message with RLC ACK but this might be ok with complementary protection by the DataInactivityTimer. 
Conclusion 6: After transmission of HARQ ACK in response to RRC connection release indication in PDCCH DCI, UE enters idle mode immediately.
Question 7: Do you support RRC Connection Release message without HARQ and without RLC poll?
· Five companies do not support this method.
· Two companies support this method as the consider state mismatch can be resolved by dataInactivityTimer
· One company not sure.
Conclusion 7: RRC Connection Release message without HARQ and without RLC poll is not supported.
Question 8: Do you agree this approach requires PDCCH changes to not allocate HARQ resources?
· All six companies that responded to this question do not see need for any PDCCH changes. 
Conclusion 8: No PDCCH changes required to not allocate HARQ resources
Question 9: Do you support sending LS to RAN1 to not configure HARQ to support RRC connection release without HARQ
· Six companies don’t see a need to send LS to RAN1 to not configure HARQ to support RRC connection release without HARQ.

· One company not sure.
Conclusion 9: LS to RAN1 is not required
Question 10: Do you agree RRC spec changes required to remove this requirement for immediate return to idle?

· Eight companies agree RRC spec changes required to allow UE to return to idle immediately after reception of RRC connection release message.
Conclusion 10: RRC spec changes required to allow UE to return to idle immediately after reception of RRC Connection Release message without poll and without HARQ.

Question 11: Should UE know immediate return to idle through broadcast information or dedicated signalling?
· Six companies see no need for eNB to signal if immediate return to idle is supported or not.
Conclusion 11: If UE receives RRC Connection Release message without RLC poll then it can return to idle immediately.
Question 12: Do you support timer based RRC connection release without NAS recovery?
· Four companies support timer based RRC connection release without NAS recovery.
· Three companies don’t support timer based RRC connection release without NAS recovery.
· One company raised concern with this approach but did not say yes or no to the question.

· One company raised concern with this approach but not sure of the answer.
Conclusion 12: More companies have concerns with this approach than there are supports.
Question 13: Do you see need for any other RRC procedural changes for timer based RRC connection release?
· Three companies think more changes required than just change of release cause sent to upper layers.
· One company think no additional changes are required.
Conclusion 13: Other RRC changes in addition to change of release cause sent to upper layers are required. 
Question 14: Dedicated signalling sufficient for configuring UE to use timer based RRC connection release?
· One company think dedicated signalling not required to configure UE to use timer based RRC connection release.
· Six companies think dedicated signalling required to configure UE to use timer based RRC connection release.
Conclusion 14: Use dedicated signalling to configure UE to use timer based RRC connection release.
Question 15: Is it correct to simultaneously configure and have active dataInactivityTimer and dataInactivityTimerWithoutNASRecovery?
· All 8 companies responded don’t think the two timers be configured simultaneously.
Conclusion 15: At most one of the two data inactivity timers (dataInactivityTimer ordataInactivityTimerWithoutNASRecovery) can be configured at any one time.
Question 16: Do you support providing resume ID in RRC Connection Setup/Resume/Reconfiguration message?
· Four companies don’t support providing resume ID in RRC Connection Setup/Resume/Reconfiguration message.
· Two companies support providing resume ID in RRC Connection Setup/Resume/Reconfiguration message
· One company note sure.
Conclusion 16: resume ID in RRC Connection Setup/Resume/Reconfiguration message not supported to permit suspension of RRC connection when using either PDCCH DCI method or data inactivity timer without NAS recovery method to release RRC connection. 
5 Conclusion

Based on the responses to the email discussion the following way forward is proposed for RRC connection release enhancements.
There is clear preference to support message based RRC connection release without poll, with HARQ and with immediate return to idle.

Proposal 1: RRC connection release with HARQ without RLC poll and immediate return to idle is supported.
Proposal 1.1:
RAN2 to discuss if this method can be supported both for NB-IoT and eMTC.
Proposal 1.2:
RAN2 to discuss if this method can be supported from Release 14.

Considering majority of companies agree RRC connection release triggered by PDCCH DCI is more efficient than with RRC Connection Release message but don’t support this method because of the level of changes required, especially in RAN1:
Proposal 2: RAN2 to further discuss on level of required specification changes and decide whether to support RRC connection release triggered by PDCCH DCI.
Proposal 2.1:
Send LS to RAN1 requesting them to consider feasibility of this method.
There was some support for RRC connection release without NAS recovery as well as some concerns.

Proposal 3: RAN2 to continue discussion whether timer based RRC connection release without NAS recovery should be supported. 

Considerable majority do not support providing resume ID in RRC Setup/Resume/Reconfiguration message. The consequence is RRC connection released with PDCCH DCI method or timer based release without NAS recovery cannot be used to release RRC connection with suspension.

Proposal 4: If RAN2 agrees to Proposal 2 and/or 3 then RAN2 also continues discussion on providing resume ID in a message other than RRC Connection Release to support RRC connection suspension with Proposal 2 and/or 3.
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