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Introduction
In RAN2#101bis in Sanya, a TP on connection control [1] capturing the LTE solution for re-establishment has been endorsed to serve as baseline. Further updates were agreed in Sanya regarding the resume of DRBs during re-establishment although we have not discussed the identifier used in RRC Re-establishment Request kind of message. That is reflected in the current TP on Connection Control as follows:
Editor’s Note: FFS Whether C-RNTI is sufficient to be used in re-establishment request (as in LTE). Or whether I-RNTI can be used; In this case, current RRCReconfiguration and RRCResume would need to be enhanced with the I-RNTI.
Editor’s Note: FFS Whether re-establishment message names (as in LTE) can be confirmed or whether other names will be use. 
In this contribution, we discuss the types of messages to be used and, in more details, the issue related to the identifier to be used in RRC Connection Re-establishment Request. That is referred to “I-RNTI question” in the meeting notes, and, that aims to discuss implications of changing the LTE baseline solution, relying on the C-RNTI.
[bookmark: _Ref473901911]Discussion
In RAN2#101  in Athens, RRC Re-establishment was discussed for the first time. Not much progress was achieved, except some directions for further discussions: 
Update from offline: Some agreement that it would be possible to resume DRBs with the re-establishment, I-RNTI question to be addressed after making more progress on the message content.
=>	Content of the messages will be progressed based on the assumption of separate messages and procedures

Hence, current assumption is that RRC connection re-establishment and RRC Resume will not be harmonized. The main reasoning behind that assumption is that in LTE, these messages have clearly different content and purposes as can be seen in the table below:
	
	Resume
	Re-establishment

	Network UE synchronization
	UE state is synchronized at suspend. Delta-configuration is assumed.
	UE and network state may be unsynchronized. Full configuration is required. 

	Purpose of the procedure
	Re-establish all DRBs, security, etc.
	Re-establish SRB1

	Content of message
	I-RNTI, short Resume MAC-I
	C-RNTI, old cell, short-MAC-I

	Usage
	Normal procedure (critical to optimize) that occur very often 
	Failure case that should be quite rare

	Encryption of MSG4
	RAN2 aims at encrypting this message
	Encrypting this message might not be so easy



RAN2 has agreed that content of the messages for RRC Re-establishment and RRC resume will be progressed based on the assumption of separate messages and procedures
A natural consequence of not harmonizing the procedure is simply reusing to certain extent the messages names from LTE, but adapted with new naming conventions in NR, as follows:
· UE send an RRC Re-establishment Request to network
· Network may respond with an RRC Re-establishment
· UE sends an RRC Re-establishment Complete 
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To discuss now the contention of the RRC Re-establishment Request, in particular the UE identifier to be used, let us revisit the usage of the procedure in LTE. According to 36.331, re-establishment is triggered in the following conditions:
· upon detecting radio link failure;
· upon handover failure, in accordance with 5.3.5.6;
· upon mobility from E-UTRA failure, in accordance with 5.4.3.5;
· upon integrity check failure indication from lower layers concerning SRB1 or SRB2;
· upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5; or
· upon an RRC connection reconfiguration failure, in accordance with TS38.331 [82, 5.3.5.5].

These are all errors conditions that happen when the UE is in RRC_CONNECTED. Hence, whatever the UE includes in RRC Re-establishment request, needs to either be something calculated or available at the UE while the UE is in RRC_CONNECTED, i.e., before the failure has occurred. Upon transmitting the message, the network should be able to identify the UE context, hence the UE shall include an identifier in RRC Re-establishment request. 
In LTE, the most obvious choice was to use the C-RNTI + PCI as it is anyway available for normal RRC_CONNECTED operation, i.e., there was no need to create a completely new identifier only for that purpose. Also, as re-establishment is anyway triggered in failure scenarios, in a vast majority of the cases the UE either remains in the same cell or under the coverage of the same eNB, in the case of mobility related failures (like RLF and handover failure). 
C-RNTI + PCI is included in RRC Connection Re-establishment Request in LTE.

One potential limitation that has been argued of using the C-RNTI + PCI is that the UE may trigger re-establishment after triggering RLF in one cell and re-selecting to another cell in another eNB that may not prepared and/or does not have the UE context available. However, the the following has been agreed in RAN2#101bis in Sanya:
Agreements:
…
2.	Network can response to the Reestablishment Request kind message with an RRC connection setup in case of RRC re-establishment failure.
FFS Whether it is also possible for the network to response with RRC Reject.
With that particular agreement, for the rare cases where network is not able to identify the UE context, the network may respond with an RRC Setup message and the UE can trigger an idle to connected transition without the need to perform any additional random access procedure, which is already an optimization of re-establishment compared to the LTE baseline.
The agreed usage of fallback procedure during re-establishment optimizes the case where network is not able to identify the UE context with C-RNTI + PCI.

Having in mind we already have some optimized solution for the case the context cannot be identified or found, optimizing that even further (e.g., to allow as good context fetching as in RRC Resume) seems questionable and not worth, depending on the efforts e.g. in terms of standardization. 
A first alternative would be to create a new x-RNTI identifier defined only for that purpose. In other words, in order to “be prepared for a failure” new procedures need to be defined so that parameter is provided or existing procedures would have to be modified (and existing messages would have to introduce that parameter).  Another alternative optimization that has been discussed is to use the I-RNTI, currently defined for the RRC Resume procedure and provided to the UE in RRC Suspend procedure (in an RRC Release message with suspend configuration). The  usage of I-RNTI in Re-re-establishment requests would require at least two additional enhancements to the current procedures defined in [1]. So far, the following has been agreed:
RAN2-99 – Aug 2017
· For CONNECTED to INACTIVE RRC transition, a RRC Connection Release kind of message is used and is sent over SRB1.
· For CONNECTED to INACTIVE RRC transition, the RRC Connection Release kind of message includes (a) i.e. cause information, redirect carrier frequency and mobility control information, and can include (b) UE identity (or UE context identity), and optionally (c) suspension/inactivation indication (FFS if implicitly or explicitly), (d) RAN configured DRX cycle, (e) RAN periodic notification timer, and (f) RAN notification area.

RAN2-99bis – Oct 2017
· A UE in INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE back into INACTIVE (i.e. not rejected). (RNA update use case)
· The MSG4 (i.e. not rejected) can configure at least the same parameters as can be configured by the message that moves the UE to inactive (e.g. I-RNTI, RNA, RAN DRX cycle, periodic RNAU timer, redirect carrier frequency, for inactive mode mobility control information or reselection priority information). (security framework are to be discussed independently)

Hence, I-RNTI is currently only transmitted in the message suspending the UE e.g. RRC Release (with suspend indication).
In NR, I-RNTI is only configured by the network in the RRC Release message with suspend configuration.
Assuming existing NR procedures and messages, it is not possible to use the I-RNTI in RRC Re-establishment request. 
Hence, it would be relevant to clarify that to support I-RNTI in Re-establishment, some further changes are needed to existing procedures in NR. 

I-RNTI vs. C-RNTI + PCI
Let us analyse the consequence to support the I-RNTI in Re-establishment request, both in terms of additional complexity in the specifications and/or performance. 
Potential complexities in using I-RTIN in Re-establishment 
To be prepared to send an I-RNTI in Re-establishment request, the UE needs to have an I-RNTI. As that is only provided in suspend procedure and discarded when the connection is resumed, one would have to change that behaviour and specifies that the UE does not discard the I-RNTI when resuming which may lead to fewer I-RNTIs available for RRC_INACTIVE UEs. Notice that this first variant may possibly have security concerns as the same UE could be possibly sending more than once the same I-RNTI in an unprotected message. 
A variant of that solution is to always “renew” the I-RNTI when resuming the connection or even relying on delta signalling, applied between RRC Release with suspend configuration and RRC Connection Resume. In other words, I-RNTI could be defined as an optional field and possibly updated every time the UE is suspended or resumed. Although we think this is a good idea for parameters used only in inactive state, e.g., RNA configuration, periodic RNAU timer, RAN paging configuration, that could lead to additional burden on the network side to manage these INACTIVE/CONNECTED identifiers just for the sake of a possible failure that may never happened.
Potential performance issues in using I-RTIN in Re-establishment (e.g. MSG.3 size and Handover size) 
As the UE is expected to move and perform handover in RRC_CONNECTED, and, as re-establishment shall also be triggered upon handover failures, current re-configuration with sync procedure would also have to be changed to allow the network to be able to provide the UE with an I-RNTI upon handover, increasing the handover messages in 40 bits. Increasing the handover message will just increase the chances of a handover failure as that is sent under a coverage limited scenario. In our view, taking the risk of failing a handover to “possibly enhance” a failure recovery procedure that does not need that enhancement is most of the cases is not really a very good design choice. In addition, as there are also ongoing discussions of the size of message 3 and potential coverage issues, it seems reasonable to avoid taking risks to also increase the RRC Re-establishment requirement, sent after cell selection after a failure case. 
Using I-RNTI in Re-establishment require changes in existing NR procedures and messages (at least handovers and resume would need enhancements).
Using I-RNTI in Re-establishment does not improve the re-establishment performance is most cases (as most failures are local).
Using I-RNTI in Re-establishment increases the chances of handover failures. Taking the risk of failing a handover to “possibly enhance” a failure recovery is not a questionable design choice.
Using I-RNTI in Re-establishment would increase the size of MSG.3, where current limitations in size are being discussed. Taking the risk of failing the re-establishment reception at the gNB due to coverage reasons is not a questionable design choice.
Hence, in our view, it seems safer to adopt a conservative and safe approach for the design of the Re-establishment procedure.
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Conclusion
Observation 1	RAN2 has agreed that content of the messages for RRC Re-establishment and RRC resume will be progressed based on the assumption of separate messages and procedures
Observation 2	C-RNTI + PCI is included in RRC Connection Re-establishment Request in LTE.
Observation 3	The agreed usage of fallback procedure during re-establishment optimizes the case where network is not able to identify the UE context with C-RNTI + PCI.
Observation 4	In NR, I-RNTI is only configured by the network in the RRC Release message with suspend configuration.
Observation 5	Assuming existing NR procedures and messages, it is not possible to use the I-RNTI in RRC Re-establishment request.
Observation 6	Using I-RNTI in Re-establishment require changes in existing NR procedures and messages (at least handovers and resume would need enhancements).
Observation 7	Using I-RNTI in Re-establishment does not improve the re-establishment performance is most cases (as most failures are local).
Observation 8	Using I-RNTI in Re-establishment increases the chances of handover failures. Taking the risk of failing a handover to “possibly enhance” a failure recovery is not a questionable design choice.
Observation 9	Using I-RNTI in Re-establishment would increase the size of MSG.3, where current limitations in size are being discussed. Taking the risk of failing the re-establishment reception at the gNB due to coverage reasons is not a questionable design choice.

Proposal 1	Assume the following message names for the Re-establishment procedure: RRC Re-establishment Request, RRC Re-establishment and RRC Re-establishment Complete.
Proposal 2	As in LTE, C-RNTI + PCI is used as identifier in RRC Re-establishment procedure.
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