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Introduction
In RAN2#99 in Berlin, the Release and Redirect, and cell reselection priorities upon release (named mobility control info in LTE) functionalities were agreed for NR:
Agreements
11.	RRC Connection Release kind of message can include release cause information, redirect carrier frequency and idle mode mobility control information.
 . . .
27	For CONNECTED to INACTIVE RRC transition, the RRC Connection Release kind of message includes (a) the same information as listed in proposal 11 (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.
. . . 

In RAN2#103 in Gothenburg, SA3 replied a LS on the security aspects of the RRCRelease message containing some of these information [1]:
SA3 finds it necessary for RAN2 to ensure that RRC connection release message is at least integrity protected. This is required to enable the UE to validate the authenticity of the source of the message and prevent fake base station attack.
This contribution discussed how a low latency solution can be achieved in different scenarios and still fulfil the SA3 requirements, especially for UEs coming from RRC_INACTIVE state.
[bookmark: _Ref178064866]Discussion
In RAN2#AH 2018-07 in Montreal, the security aspects of the RRCRelease message containing redirection information were discussed for NR and that generated the LS to SA3 that was replied in RAN2#103 [1]. The discussions were that redirection seemed a sensitive information to be protected, later confirmed by SA3. However, there was a performance concern in terms of latency for incoming UEs trying to resume or setup a connection that want to access a particular service not supported in a target cell (e.g. VoIP, video call, etc.).
In the case of an RRC_IDLE UE, the UE would need to trigger an RRC establishment procedure, enter RRC_CONNECTED, perform initial security activation, and only then receive the protected redirection information. That would also involve some core network signalling, as shown below:
[image: ]
Figure 1: Release and Redirect for a UE coming from RRC_IDLE
Latency can be large when an RRC_IDLE UE tries to setup an RRC connection and is released with redirection information.

Baseline release with redirection to an NR frequency for an incoming UE in RRC_INACTIVE
Latency in release and redirect can be shorter than in the previous case if the incoming UE is in RRC_INACTIVE, since security is already activated. Upon sending a secure RRCRelease message the network may either move the UE to RRC_IDLE or RRC_INACTIVE. As the network redirects the UE to another NR frequency, in a typical case the network moves the UE to RRC_INACTIVE, to also speed up the resume of the connection in the target frequency, further reducing the overall latency, as shown below:
[image: ]
Latency can be improved if an RRC_INACTIVE UE tries to resume an RRC connection and after entering RRC_CONNECTED the UE is suspended to RRC_INACTIVE with redirection information to an NR frequency. At the target cell, the UE tries to resume the connection. 
Delay in this case is 2*RTT_nr (RRCResumeRequest, RRCResume, RRCResumeComplete, RRCRelease) + RTT_Xn (network delay in source from context fetching) + RTT_5gc (signalling between CN and source path switch) + 1.5*RTT_nr (RRCResumeRequest, RRCResume, RRCResumeComplete) + RTT_Xn (network delay in target from context fetching) + RTT_5gc (signalling between CN and source path switch) = 3.5*RTT_nr + 2*RTT_Xn + 2*RTT_5gc.

Release and Redirect without entering RRC_CONNECTED 
In RAN2#99bis in Prague, it has been agreed that for RAN area updates, an RRCResumeRequest may be responded by the network with an RRCRelease, possibly containing redirection information: 
Agreements
. . .
3	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)
4	The MSG4 (i.e. not rejected) of agreement 3 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)
5	A UE in INACTIVE, trying to resume the RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE into IDLE.
. . .

In stage-2, the two-step procedure is named “RNA update”, as shown below:
***************************************************************************************************************************
9.2.2.5	RNA update
The following figure describes the UE triggered RNA update procedure when it moves out of the configured RNA involving context retrieval over Xn:


[bookmark: OLE_LINK16]Figure 9.2.2.5-1: RNA update procedure
***************************************************************************************************************************
In our view, in addition to the RNA update use case, it is also beneficial to support the 2-step procedure (RRCResumeRequest followed RRCRelease messages) at least for the case of Release and Redirect to reduce the latency (with and without relocation). According to current RRC specification, that does not seem to be supported. The field description associated to the redirection information says the following:
***************************************************************************************************************************
	redirectedCarrierInfo
Indicates a carrier frequency (downlink for FDD) and is used to redirect the UE to an NR or an inter-RAT carrier frequency, by means of the cell selection upon leaving RRC_CONNECTED as specified in TS 38.304 [20]



***************************************************************************************************************************

And, according to 38.304, the procedure is supported when the UE leaves RRC_CONNECTED, which does not happen in the 2-step procedure (RRCResumeRequest followed by RRCRelease), as shown below:
***************************************************************************************************************************
[bookmark: _Toc517221788]5.2.6	Selection of cell when leaving RRC_CONNECTED state
On transition from RRC_CONNECTED to RRC_IDLE state or RRC_INACTIVE state, UE shall attempt to camp on a suitable cell according to redirectedCarrierInfo if included in the RRC message used for this transition. If the UE cannot find a suitable cell, the UE is allowed to camp on any suitable cell of the indicated RAT. If the RRC Release message does not contain the redirectedCarrierInfo, UE shall attempt to select a suitable cell on a NR carrier. If no suitable cell is found according to the above, the UE shall perform cell selection using stored information in order to find a suitable cell to camp on.
When returning to RRC_IDLE state after UE moved to RRC_CONNECTED state from camped on any cell state, UE shall attempt to camp on an acceptable cell according to redirectedCarrierInfo, if included in the RRC Release message. If the UE cannot find an acceptable cell, the UE is allowed to camp on any acceptable cell of the indicated RAT. If the RRC Release message does not contain redirectedCarrierInfo UE shall attempt to select an acceptable cell on a NR carrier. If no acceptable cell is found according to the above, the UE shall continue to search for an acceptable cell of any PLMN in state any cell selection.
***************************************************************************************************************************

Release with redirection to an NR frequency for an incoming UE in RRC_INACTIVE in 2 steps
In this case, with context relocation, the following call flow should apply for the redirection to an NR frequency:
[image: ]
Figure 9.2.2.5-1: 2-step Release and Redirect procedure

In that first case, with context relocation, 2 messages between UE and the target can be skipped (RRCResume and RRCResumeComplete) compared to the previous case where the UE first enters RRC_CONNECTED to then be released. Then, a further latency reduction can be achieved.
Latency can be further improved if an RRC_INACTIVE UE tries to resume an RRC connection and without entering RRC_CONNECTED the UE is suspended to RRC_INACTIVE with redirection information to an NR frequency. At the target cell, the UE tries to resume the connection. 
Delay in 2-step case with context relocation is RTT_nr (RRCResumeRequest, RRCRelease) + RTT_Xn (network delay in source from context fetching) + RTT_5gc (signalling between CN and source path switch) + 1.5*RTT_nr (RRCResumeRequest, RRCResume, RRCResumeComplete) + RTT_Xn (network delay in target from context fetching) + RTT_5gc (signalling between CN and source path switch) = 2.5*RTT_nr + 2*RTT_Xn + 2*RTT_5gc.


Even further enhancements can be achieved in the case the UE performs a 2-step procedure without context relocation i.e. upon sending an RRCResumeRequest (that is not an RNA update) it receives an RRCRelease with suspendConfig and network does not perform context relocation. Since the network knows that in the release and redirection case the UE is anyway going to another frequency and resuming in another cell which may be in another gNodeB, it might not make sense to trigger context fetching as that new target may trigger context fetching again. Hence, a 2-step procedure (RRCResumeRequest followed by an RRCRelease with suspendConfig and redirection information) without context relocation can even further reduce the latency of the procedure, due to the fact that path switch does not need to be performed (as the AMF anchor would not change). 
Latency can be even further improved if an RRC_INACTIVE UE tries to resume an RRC connection and without entering RRC_CONNECTED (and without context relocation) the UE is suspended to RRC_INACTIVE with redirection information to an NR frequency. At the target cell, the UE tries to resume the connection. 
Delay in 2-step case without context relocation is RTT_nr (RRCResumeRequest, RRCRelease) + RTT_Xn (network delay in target from context fetching) + 1.5*RTT_nr (RRCResumeRequest, RRCResume, RRCResumeComplete) + RTT_Xn (network delay in target from context fetching) + RTT_5gc (signalling between CN and source path switch) = 2.5*RTT_nr + 2*RTT_Xn + RTT_5gc.

For the inter-frequency release and redirect, the latency in different scenarios can be summarized in the following table:
	3-steps procedure (with context relocation), baseline in inactive state
	2-steps procedure (with context relocation)
	2-steps procedure (without context relocation)

	3.5*RTT_nr + 2*RTT_Xn + 2*RTT_5gc
	2.5*RTT_nr + 2*RTT_Xn + 2*RTT_5gc (delay gain compared to baseline is RTT_nr)
	2.5*RTT_nr + 2*RTT_Xn + RTT_5gc (delay gain compared to baseline is RTT_nr + RTT_Xn + RTT_5gc)



As there are latency benefits and no need to change the RRC signalling structure for that, based on these observations the following is proposed: 
Release and Redirect to an NR frequency with 2-step procedure is supported (for latency reduction), with or without context relocation.

Although there is no need to change the RRC signalling structure of the RRCRelease message, some updates are required in 38.300 and 38.304 to consider that case. Hence, companion CRs to 38.300 and 38.304 can be respectively found in R2-1814087 and R2-1814088.
Agreed CR R2-1814087 [2] to 38.300.
Agreed CR R2-1814088 [3] to 38.304.
Conclusion
Based on the discussion in section 2 we propose the following:
1. Release and Redirect to an NR frequency with 2-step procedure is supported (for latency reduction), with or without context relocation.
1. Agreed CR	R2-1814087 [2] to 38.300.
1. Agreed CR R2-1814088 [3] to 38.304.
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