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Introduction
LTE has efficient connection request procedure with RACH msg 3 and msg 5 combination to reduce Idle to Active transition times.  However, it is still not possible for the RAN to initiate connection to the CN until RACH msg 5 is received which leads to additional delay.  This contribution looks at optimisations possible to further reduce Idle Active transition delay for NR.
Discussion
LTE baseline
LTE connection request is designed and optimised around the worst case msg 3 size of 48bits.  Service request is the most time critical procedure for Idle Active transition and LTE has taken extra care to optimise this procedure.  Msg 3 carries the NAS UE id (unique within the TA list) that is also used for contention resolution guaranteeing no further collision after msg 4 contention resolution.  
RACH msg 4 includes the Contention resolution CE and also RRC connection setup message that sets up SRB1.  UE sends RRC Setup complete with the initial NAS message in RACH msg 5.  Further efficiency is achieved by removing duplication of information between msg 3 and msg 5 by using the UE id provided in msg 3 to send to MME over S1-AP.
On receipt of UE context containing the Security and UE capability information, eNB sends RRC SMC and RRC reconfiguration message to the UE.  These messages can be sent together in one TTI to the UE to further reduce delay.
Extract from 38.912 Figure B.1 provides an example C-plane flow for the IDLE to CONNECTED transition for Rel-8.


Figure B.1.1-1: C-plane activation procedure (example for Rel-8)
Limitations of LTE
As the figure above shows, it is still not possible to contact the CN until after reception of msg 5 because the information needed for NAS is only available in msg 5.    This procedure is associated with the following delay as captured in 38.913, Table B.1.1.1-1
	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4



Msg 5 was also optimised to reduce message size for Service Request.  However, over several releases, msg 5 size has crept up increasing delay for transmission of msg 5 and hence leading to increased delay in contacting the CN.  Much of this new information is not really needed to contact the CN for Service request procedure.
It is not possible to further reduce the Idle Active transition delay even if a larger RACH msg 3 size was possible because only one message size is defined for RRC connection request that is carried by RACH msg3 (note that Resume request already defines multiple RRC message sizes).
The multi-step set up procedures for SRB1 (using RRC Connection setup), followed by SMC and another RRC reconfiguration to setup SRB2 and DRBs also adds delay to the Idle Active transition in LTE.
Optimising the signalling procedures and messages discussed above can reduce the signalling and Idle/Active transition delay. 
Observation #1: LTE Idle Active transition, while fairly optimal, can be further optimised in terms of signalling and Idle/Active transition delay.
Possible optimisations for NR
Focusing on the critical Service Request procedure, as discussed above about 20ms of Idle Active transition can be reduced by avoiding msg 3 to msg 5 delay for initiating the connection to the CN.  It would also be useful to include other information early.  
For other initial transfer messages such as NAS TAU which are not time critical, the current procedure can be re-used.  Other possible optimisation for these procedures is FFS.
Sending essential Msg 5 contents early
The following information can be sent in LTE msg 5 including all the fields that have been included in later releases:
	selectedPLMN-Identity				INTEGER (1..maxPLMN-r11),
	registeredMME						RegisteredMME						OPTIONAL,
	dedicatedInfoNAS					DedicatedInfoNAS,
	gummei-Type-r10						ENUMERATED {native, mapped}			OPTIONAL,
	rlf-InfoAvailable-r10				ENUMERATED {true}					OPTIONAL,
	logMeasAvailable-r10				ENUMERATED {true}					OPTIONAL,
	rn-SubframeConfigReq-r10			ENUMERATED {required, notRequired}	OPTIONAL,
	connEstFailInfoAvailable-r11		ENUMERATED {true}				OPTIONAL,
	mobilityState-r12					ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r12			ENUMERATED {true}				OPTIONAL,
	logMeasAvailableMBSFN-r12			ENUMERATED {true}				OPTIONAL,
	ce-ModeB-r13						ENUMERATED {supported}						OPTIONAL,
	s-TMSI-r13							S-TMSI										OPTIONAL,
	attachWithoutPDN-Connectivity-r13	ENUMERATED {true}							OPTIONAL,
	up-CIoT-EPS-Optimisation-r13		ENUMERATED {true} 							OPTIONAL,
	cp-CIoT-EPS-Optimisation-r13		ENUMERATED {true} 							OPTIONAL,
	ue-CE-NeedULGaps-r13					ENUMERATED {true}				OPTIONAL,
	dcn-ID-r14							INTEGER (0..65535)				OPTIONAL,

For the Service Request case, only the dedicatedInfoNAS from the above is essential to contact the CN.  The NAS message size is 32bits (see Annex).  If this is of variable size (as in LTE), size information in ASN.1 is also needed.
CT1 has also defined an Extended Service Request to be used for CSFB and other services that is of larger size where normal Service request cannot be used.  
It would be useful for RAN2 to know the NAS message sizes for NR to design the connection establishment optimally.
Proposal #1: Ask CT1 about expected size of Service Request in NR.  Emphasise that message size should be limited as in LTE.
While transfer of the rest of the information in msg 5 can happen while the UE context is being retrieved from the CN, it would be helpful for the network to receive some of the information if available early.  For example:
· Some parts of UE capability  
· Coverage extension status
· Mobility state
Further, the number of Cause values could also be dependent on the size available, making it possible to directly use the Access barring call types as cause values without the need for further mapping.
Considering the size of NAS message and other critical information,  both together could come to about 40bits.  

Possible Solutions
Using LTE as an example, it could be useful to send about 40 additional bits early as discussed above.  Some possible solutions to early transfer of critical information from message 5 are discussed below.  
Increasing RACH msg 3 size: 
 Increasing msg 3 size may be possible without significantly increasing delay from HARQ retransmissions.  If increasing it by about 40bits is possible, it would be the simplest solution by simply defining RRC connection request to optionally include NAS Service Request and other critical information.
Increasing msg 3 size may increase number of HARQ re-tx.  However, even with increased number of HARQ re-tx, it may still be faster overall for Idle/Active transmission than sending information in msg 5.  A trade-off between msg 3 size and overall delay for connection setup could to be considered.
As there is no possibility for segmentation, RRC connection request message size has to be defined for the worst case msg 3 size.   Possible RACH message 3 size information should come from RAN1.  
Proposal #2: It is proposed to request RAN1 for feedback on RACH message 3 size,  and whether it can support over 88bits.
  
Variable size msg 3: 
RACH Msg 3 size may depend on various factors like cell size, UE path loss, delay tolerance etc.  While LTE allows indication of path loss using RACH partition, it defines only one RRC message size for RRC Connection request.  Hence even if a larger RACH  msg 3 size was possible in some cases, UE cannot include additional RRC fields in msg 3 to reduce call setup time (though two message sizes are already defined for Resume Request).  
Different sizes for RRC connection Request can be considered – one for worst case, and one or more for a larger RACH msg 3 size.  The larger message definition can include additional information from msg 5 as discussed above.  The number of RRC message sizes allowed should be limited to very few discrete sizes to minimise complexity and it is proposed to define two sizes based on RAN1 feedback on RACH msg 3 size.  
Proposal #3: define two different for RRC connection request message sizes including additional critical information for connection set up in the larger message.  Actual message size and fields to be included should be based on RAN1 feedback on message size.
Use “msg 3.5”
Another option is to use so called “Msg 3.5” [1]. If msg 3 size cannot be increased sufficiently.    This can be seen as an RRC level segmentation of a larger RRC connection request including the additional relevant fields from msg 5.  It can be sent before network sends a Setup request.  This saves delay compared to LTE by eliminating the delay associated with the processing of RRC connection request in the network and Connection Setup in the UE.
There are a few different ways this can be realised.  For example, network provides an additional grant  always in RAR for RACH “msg 3.5”.  Alternatively, network can provide an additional grant after receipt of some indication in msg 3 or RACH.  “Msg 3.5” can also be sent after contention resolution (though this would be after RACH msg 4 but before any other RRC message).
Proposal #4: consider using a “msg 3.5” solution if msg 3 size cannot be increased.
Reducing Downlink signalling
Another optimisation that can be considered if NAS Service request is sent early is to eliminate the step of RRC connection setup.  It would be possible and useful to go directly to SMC+RRC connection reconfiguration by using default SRB1 configuration to send these messages.
The combined procedure could look as shown in Figure below.


Figure showing possible optimised RRC connection setup procedure
Proposal #5: It is proposed to consider eliminating two setup procedure of RRC connection setup following by SMC/Reconfiguration and use a single step setup procedure for NAS Service Request. 

Summary and proposals
This document looked at different possible solutions for optimising Idle/Active transition signalling and delay.
Several observations and proposals were made:
Observation #1: LTE Idle Active transition, while fairly optimal, can be further optimised in terms of signalling and Idle/Active transition delay.Proposal #1: Ask CT1 about expected size of Service Request in NR.  Emphasise that message size should be limited as in LTE.
Proposal #1: Ask CT1 about expected size of Service Request in NR.  Emphasise that message size should be limited as in LTE.
Proposal #2: It is proposed to request RAN1 for feedback on RACH message 3 size,  and whether it can support over 88bits.
Proposal #3: define two different for RRC connection request message sizes including additional critical information for connection set up in the larger message.  Actual message size and fields to be included should be based on RAN1 feedback on message size.
Proposal #4: consider using a “msg 3.5” solution if msg 3 size cannot be increased.
Proposal #5: It is proposed to consider eliminating two setup procedure of RRC connection setup following by SMC/Reconfiguration and use a single step setup procedure for NAS Service Request. 
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Annex A: Idle Active transition delay for LTE Rel-8 (from 36.913)
Table B.1.1.1-1 provides a timing analysis, assuming FDD frame structure, of the flow depicted in Figure B.1.1-1. The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 76ms, with 3ms msg2 window and 1ms PRACH cycle. Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 80ms transition time is achieved.
[bookmark: _Ref223756217]Table B.1.1.1-1: C-plane latency analysis for Rel-8 
(based on the procedure depicted in Figure B.1.1-1)
	Component
	Description
	Minimum
[ms]
	Average 
[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80



Note 1:	The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
Annex B: NAS Service request message
The information in NAS msg 5 is as follows:
Table 8.2.25.1: SERVICE REQUEST message content
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator
9.2
	M
	V
	1/2

	
	Security header type
	Security header type
9.3.1
	M
	V
	1/2

	
	KSI and sequence number
	KSI and sequence number
9.9.3.19
	M
	V
	1

	
	Message authentication code (short)
	Short MAC
9.9.3.28
	M
	V
	2



It is thus 32bits long.
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