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Discussion and decision
1 Introduction

This discussion aims to progress on the design key details of the "new RAN state" agreed for NR.
2 Discussion
The key functionality of NR_RRC_LIGHTLY_CONNECTED and its interaction with other NR RAN and NR CN states are described in Table 1 and Figure 1 respectively, taking into consideration details explained in [1] and the related RAN2#95 agreements. For simplicity and due to its similarity with Rel-14 Light Connection WI, this "new RAN states" agreed for NextGen (NG) designed is referred as NR_RRC_LIGHTLY_CONNECTED.
Table 1. Key functionality of the NR_RRC_LIGHTLY_CONNECTED state 
	
	NR_RRC_LIGHTLY_CONNECTED

	1) UE MT reachability method
	· RAN-initiated notification procedure
· E.g. via Group-specific NR-P-RNTI sent in NR-PDCCH.

	2) UE mobility handling between "cells"
	· "Cell" Reselection (measurements based)
· When UEs moves to a different "RAN notification area", "RAN notification area" update mechanism 

	3) UE location awareness by NW
	· "RAN notification area" (configured by RAN)
· May be single or multiple "cells"

	4) UE AS context & security
	· UE, RAN and CN node keeps active the UE related info. (including UE NG-U/C)

	5) RLF
	· NA

	6) DL unicast data
	· RAN-initiated notification (paging) follow with a resumption of the RRC Connection 

	7) UL unicast data 
	· Resumption of RRC connection
· Direct data transmissions


NOTE: RAN2#95 agreements are shown in bold and underline in Table1, leaving the details FFS
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Figure 1. Interactions between the NR RRC states and NR_RRC_LIGHTLY_CONNECTED state
2.1 NR_RRC_LIGHTLY_CONNECTED state

It is important to discuss the desirable RAN level characteristics of this new NR_RRC_LIGHTLY_CONNECTED state. In our view, some aspects might be easily agreeable considering proposals taken by companies on the RAN2#95 meeting:
a) When a UE is in NR_RRC_LIGHTLY_CONNECTED state, the CN is not aware, i.e. UE transition into this states is done on the RAN level been transparent towards the NG CN side.

b) When a UE is in NR_RRC_LIGHTLY_CONNECTED state, the UE, gNB and CN node keeps active the UE related information, including e.g. UE RAN context, UE RAN ID, UE RAN security, UE NG-U/NG-C interfaces.

c) When a UE is in NR_RRC_LIGHTLY_CONNECTED state, DL data is buffered on the gNB until UE is reached to convey it.
On other hand, other aspects might require further discussion:
d) When a UE is in NR_RRC_LIGHTLY_CONNECTED state, RAN2 would need to discuss whether it is foreseen required to enable access barring mechanisms (e.g. ACB, EAB, ACDC), and/or RRC Connection resume cause/reject. 
e) When a UE is in NR_RRC_LIGHTLY_CONNECTED state, UE NG NAS modelling would require further discussion by RAN2 depending on the point d) above, as well as, the overall split of functionality been defined in NR (e.g. whether UE's upper or lower layers should be the one to trigger the resumption of the RRC connection and should indicate the kind of call requested and how to handle resumptions of connections that might require establishing again the connection).
Proposal 1. When a UE is in NR_RRC_LIGHTLY_CONNECTED state, it is agreed that:

Proposal 1.1. The CN is not aware, i.e. UE transition into and out of this states is done at the RAN level and is transparent to the CN.

Proposal 1.2. The UE, gNB and CN node keep active UE related information (including e.g. UE RAN context, UE RAN ID, UE RAN security, UE NG-U/NG-C interfaces).

Proposal 1.3. DL data is buffered at the RAN node until UE is reached to convey it.
Proposal 2. For a UE in NR_RRC_LIGHTLY_CONNECTED state transitioning to NR_RRC_CONNECTED, discuss the need of access barring mechanism and/or RRC resume cause/reject for congestion handling.
Proposal 3. To discuss whether UE NAS needs to be aware when is in NR_RRC_LIGHTLY_CONNECTED.
2.1.1 RAN-initiated notification procedure
RAN2 agreed that to reach UEs in NR_RRC_LIGHTLY_CONNECTED, a RAN-initiated notification mechanism is used to reach these UEs. This RAN-initiated notification aims to reach UEs for MT services (as explained on Table 1), considering that a UE in NR_RRC_LIGHTLY_CONNECTED could move across a configured RAN area without having to inform the RAN node (as explained on [2]). 
The assumption is that DRX concept is used by the RAN to know when a UE become reachable; and the DRX cycle value could be configured by the gNB via broadcast and/or dedicated signaling. For the notification to the UE, as a minimal requirement, a group-specific DL controlled signaling could be assumed (e.g. NR-P-RNTI sent in NR-PDCCH); leaving open for discussion other further options or optimizations could also be defined, e.g. whether data could be sent directly in DL, or on how to convey group-specific DL controlled signaling efficiently aiming to reduce UE's power consumption, and UE's complexity (keeping in mind that some of these aspects would need to be driven by RAN1 WG). The RAN-initiated notification procedure would convey via DL control channel or via a DL notification message the UE identity that allows the UE differentiation on the NR level. This UE identity might be the same as the one used during the resumed/suspend procedures here described, or UE CN identity (such as S-TMSI) or a UE unique identity (such as IMSI) or even a new different UE NR ID defined specifically for this mechanism.
Proposal 4. For the RAN-initiated notification procedure, a UE in NR_RRC_LIGHTLY_CONNECTED monitors the DL indications using a RAN configured DRX cycle (which could be cell or UE specific). 

2.1.2 RAN notification area update procedure

While moving from one ‘cell’ to another, a UE in NR_RRC_LIGHTLY_CONNECTED performs ‘cell’ reselection procedure (as it is also mentioned on Table 1). In addition, whenever it crosses the RAN notification area boundary, the UE would also need to perform RAN Notification Area Update procedure with the gNB. Within this procedure, the new gNB may or may not be able to retrieve the UE’s context from the previous gNB where was connected (using Xn signaling). 
Proposal 5. While moving from one ‘cell’ to another, a UE in NR_RRC_LIGHTLY_CONNECTED performs ‘cell’ reselection procedure, and if the UE is out of its configured RAN Notification Area, the UE performs RAN Notification Area Update procedure.

2.2 Mechanism to get into NR_RRC_LIGHTLY_CONNECTED
When getting into NR_RRC_LIGHTLY_CONNECTED, our assumption is that the NR RRC connection is suspended, as it is also shown in Figure 1 arrow "A". This suspension mechanism could be defined via implicit or explicit form of RRC signaling convey to the UE while been in NR_RRC_CONNECTED to guarantee that it is controlled by network when UE uses and/or enters into NR_RRC_LIGHTLY_CONNECTED.
As previously mentioned, this RRC signaling use to suspend the UE into NR_RRC_LIGHTLY_CONNECTED might be sent explicit (e.g. every RRC connection and RAN indication is sent to the UE as a form of timer or RRC message) or implicitly (e.g. via configuration sent by the gNB in previous RRC connections).

Proposal 6. An UE in NR_RRC_CONNECTED is configured via RRC signaling (implicitly or explicitly) when to use and/or enter into NR_RRC_LIGHTLY_CONNECTED.
2.3 Mechanism to get out of NR_RRC_LIGHTLY_CONNECTED
When getting out of NR_RRC_LIGHTLY_CONNECTED, our assumption is that the NR RRC connection is resumed, as it is also shown in Figure 1 arrow "B" and "C", and as it also explained within email discussion [95#28]. It is important to note that this contribution does not cover whether and how the direct data mechanism could work within NR_RRC_LIGHTLY_CONNECTED state, as RAN2 should wait for RAN1's progress/input on it. 
By resuming NR connection, we refer to define a mechanism that allows the UE convey at lease its identification and authentication that are known on the RAN level (similar to resumeIdentity and shortResumeMAC-I in LTE). Whether RRC Resume Cause is also included or not, it would be related to the discussion on section 2.1 above.
Proposal 7. An UE in NR_RRC_LIGHTLY_CONNECTED gets into NR_RRC_ CONNECTED via an RRC resume procedure that allow the UE to at least send the UE identification and the UE authentication key (which are known and unique on the RAN level and are used to verify the UE). 
2.3.1 Signaling optimizations of the resume procedure

The resume procedure could be defined as a 3 hands-shake procedure, similar to LTE, or it could also be further optimized to only require 2 hands-shake procedure, as it is explained here and on the email discussion [95#28]. It is also important to highlight that RAN1 is currently also investigating optimizations of the RACH procedure too. Assuming that a 2 hands-shake NR RRC Conn. Resume procedure is defined, the following points could be considered:
a) Msg1 and Msg3 or its corresponded information could be transmitted in UL without getting any DL response in between (i.e. Msg2 would not be sent between Msg1 and Msg3).
b) Msg.2 transmission could become optional (as explained on point a above) or it could be expected as part of Msg.4 response.
c) Msg3 could indicate the TBS/MCS that the UE will use for the actual next UL data packet transmission
d) Msg.4 could be sent to authenticate the UE and indicate future UL grant.

e) Instead of receiving Msg.4, data could be send potentially directly in a known UL grant or via a grant-free NOMA transmissions.
f) Optimizations of the procedure could also be done to allow acknowledgement of the data and fast suspension of the RRC connection to minimize UE's active time.

Proposal 8. For UEs in NR_RRC_LIGHTLY_CONNECTED, RAN2 should study optimising the RRC resume procedure aiming to reduce the required number of RRC signaling messages.
2.3.2 Message 3 across similar procedures
It would be important to also consider during the design phase whether a common msg.3, RRC connection Request type of message, might be beneficial for those cases where the NR RAN has a knowledge of the UE context, e.g. Re-establishment during RLF, Resume, Cell update and RAN notification area (RNA) update.
LTE defined a message for Resume Request that can be used in the same or different "cell", allowing the UE AS context retrieval from the "previous" eNB by providing sufficient information in the message to identify the old node and context. While it has not been decided yet, one can assume that the same functionality as suspend and resume will be supported in NR, as shown on Table 1 with the NR_RRC_LIGHTLY_CONNECTED. 

A similar analysis can be done for the RAN level location update message used in the mode of operation NR_RRC_LIGHTLY_CONNECTED, where the UE updates its location when crosses a RAN notification areas. Hence the “Resume Request” message can also be applied here as well as part of the resume RRC connection like procedure, as also explained on Table 1. Therefore when the UE is paged by RAN while UE is in NR_RRC_LIGHTLY_CONNECTED, the UE AS layer will respond with a Paging like response.  It can again be seen that the same characteristics and requirements as discussed above, in that it should be possible to identify the node and UE context and authenticate the UE, is also applicable here.

It can further be noticed that the requirements for the re-establishment request message are also the same in that it should be possible to identify the UE context and authenticate the UE.  While it is too early to discuss the stage 3 details of messages itself, it should be kept in mind that a common request message can be designed for the various use-cases

In addition, if any differentiation needed could be handled, this could be done e.g. by Cause value field defined within the message.
Observation 1. The NR RRC Connection Resume Request like message (which would carry sufficient UE information to identify the gNB node that has the UE RAN context and authenticate the UE) could also be used for the msg.3 on the following procedures: resumption of the RRC connection, RAN location notification area update, re-establishment of RRC connection during RLF, and, potentially even, cell update (if UE based mobility is agreed for connected mode UEs).
Proposal 9. The procedure used for the RAN notification area update is the same as the one used for transition from light connected to connected when resuming the RRC connection.

3 Conclusion

The observations captured are the following:
Observation 1.
The NR RRC Connection Resume Request like message (which would carry sufficient UE information to identify the gNB node that has the UE RAN context and authenticate the UE) could also be used for the msg.3 on the following procedures: resumption of the RRC connection, RAN location notification area update, re-establishment of RRC connection during RLF, and, potentially even, cell update (if UE based mobility is agreed for connected mode UEs).

The proposal captured are the following:
Proposal 1.
When a UE is in NR_RRC_LIGHTLY_CONNECTED state, it is agreed that:
Proposal 1.1.
The CN is not aware, i.e. UE transition into and out of this states is done at the RAN level and is transparent to the CN.
Proposal 1.2.
The UE, gNB and CN node keep active UE related information (including e.g. UE RAN context, UE RAN ID, UE RAN security, UE NG-U/NG-C interfaces).
Proposal 1.3.
DL data is buffered at the RAN node until UE is reached to convey it.
Proposal 2.
For a UE in NR_RRC_LIGHTLY_CONNECTED state transitioning to NR_RRC_CONNECTED, discuss the need of access barring mechanism and/or RRC resume cause/reject for congestion handling.
Proposal 3.
To discuss whether UE NAS needs to be aware when is in NR_RRC_LIGHTLY_CONNECTED.
Proposal 4.
For the RAN-initiated notification procedure, a UE in NR_RRC_LIGHTLY_CONNECTED monitors the DL indications using a RAN configured DRX cycle (which could be cell or UE specific).
Proposal 5.
While moving from one ‘cell’ to another, a UE in NR_RRC_LIGHTLY_CONNECTED performs ‘cell’ reselection procedure, and if the UE is out of its configured RAN Notification Area, the UE performs RAN Notification Area Update procedure.
Proposal 6.
An UE in NR_RRC_CONNECTED is configured via RRC signaling (implicitly or explicitly) when to use and/or enter into NR_RRC_LIGHTLY_CONNECTED.
Proposal 7.
An UE in NR_RRC_LIGHTLY_CONNECTED gets into NR_RRC_ CONNECTED via an RRC resume procedure that allow the UE to at least send the UE identification and the UE authentication key (which are known and unique on the RAN level and are used to verify the UE).
Proposal 8.
For UEs in NR_RRC_LIGHTLY_CONNECTED, RAN2 should study optimising the RRC resume procedure aiming to reduce the required number of RRC signaling messages.
Proposal 9.
The procedure used for the RAN notification area update is the same as the one used for transition from light connected to connected when resuming the RRC connection.


4 Reference
[1] R2-165004, Discussion on new RAN controlled states for 5G NR, Intel, August 2016.

[2] R2-166881, Discussion on RAN notification area for the new RRC state, Intel, September 2016.

[3] R2-166882, DRX operation in NR for idle and lightly connected mode, Intel, September 2016.
[4] R2-166898 RAN based update mechanism for new RAN state, Intel, September 2016.
NR_RRC_IDLE
NextGen_Idle
NR_RRC_LIGHTLY_CONNECTED
Establish RRC
Connection
Release RRC Connection
Resume to Release RRC connection
A
C
Suspend RRC connection
A
Resume RRC connection
B
C
B
NextGen_Connected
NR_RRC_CONNECTED



