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Introduction
The ITU target for control plane (CP) latency in IMT 2020 has been set to 20ms. This is lower than the latency performance required in LTE Rel-14, and enhancements are therefore considered necessary to facilitate meeting IMT 2020 target for CP latency with LTE Rel-15. This was discussed at RAN plenary and RAN2 has received an LS stating the following:
TSG RAN discussed the LTE Control Plane latency reduction in order to fulfil the corresponding IMT-2020 requirement in Rel-15. RAN decided to task RAN2 and RAN1 to check feasibility and values of the reduced processing times in RRC Resume procedure as presented in RP-172750 and make corresponding spec changes as part of TEI15.
In this paper, we give estimates of the current values. After this we will propose two improvements enabling a CP latency below 20ms. The modifications are described in CR [1] and [2] accompanying this discussion paper.
[bookmark: _Ref510709421]CP latency
Evaluation for LTE Rel-14
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[bookmark: _Ref492998609]Figure 1: Illustration of CP signalling during transition from Inactive to Active state.
In LTE Rel-14 with RRC Resume the different steps and associated latencies are described in Figure 1 and Table 1. After step 10 the UE is in RRC_CONNECTED (Active) state and data transmission may have commenced. In fact, the UE enters RRC_CONNECTED (Active) state before submitting the RRCConnectionResumeComplete message to lower layers and the start of data transmission is at the beginning of step 10; i.e., it is conceivable that the CP latency could be measured at the end of step 9/beginning of step 10. However, in this contribution we will consider the delay to the end of step 10.

[bookmark: _Ref492997094]Table 1: CP latency in Rel-14
	[bookmark: _Hlk492999676]Component
	Description
	Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

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

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Resume 
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	15

	10
	Transmission of RRC Connection Resume Complete and UP data
	1

	 
	Total delay [ms]
	31.5



Based on these values we can conclude that the 5G target of 20ms is not reached.

[bookmark: _Ref510707416][bookmark: _Toc510709411][bookmark: _Toc510709516][bookmark: _Toc510744850]The CP latency in LTE Rel-14 exceeds 20ms.

Proposed modifications
In RAN2#101, it was discussed different possible combinations of CP latency components to tackle the issue observed in Observation 1. 
The following options to reduce CP latency were captured in the chairman notes:
	Component
	Description
	Op1:Latency
[ms]
	Op2:Latency
[ms]
	Op3:Latency
[ms]
	Op4:Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5
	0.5
	0.5
	0.5

	2
	Transmission of RACH Preamble
	1
	1
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2
	2
	2

	4
	Transmission of RA response
	1
	1
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	3
	4
	4[5]
	5

	6
	Transmission of RRC Connection Resume Request
	1
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	3
	2
	4[3]
	2

	8
	Transmission of RRC Connection Resume
	1
	1
	1
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	5
	7
	4
	5

	10
	Transmission of RRC Connection Resume Complete and UP data 
	[0]
	[0]
	[0]
	[0]

	 
	Total delay [ms]
	17.5
	19.5
	18.5
	18.5



Reduced processing after RA Response
Regarding the contribution due to component 5, RAN2 has sent an LS to RAN1, asking how much latency can be reduced [3].
Regarding this step, during the short TTI work item the delay from grant reception until uplink transmission was reduced by one TTI (from n+4 to n+3). To reduce the control plane latency, we therefore suggest that the corresponding processing delay reduction should be applied also for the grant in the RA response, i.e. for Rel-15 UEs capable of this enhancement, the timing for processing the RA response grant should be at least 1ms lower than the 5ms specified in Rel-8. RAN2 has asked RAN1 to focus their effort on the processing delay of this step. Since, at the time of detection of the transmission of a preamble used for contention based random access, the eNB doesn’t know the capability of the UE (legacy or new timing), the eNB should overprovision resources such that the grant is valid both with legacy and with enhanced.
Proposal 1 [bookmark: _Toc510709413][bookmark: _Toc510709518][bookmark: _Toc510744852]If configured, CP latency reduction capable UEs apply n+4 or n+5 timing [FFS] for transmission of Msg3 with RRC Connection Resume Request.
Processing after RRC Connection Resume Request
Unlike the UE the eNB would need to handle a random request from a random UE and retrieve a random stored context. The eNB cannot determine the UE’s capabilities and needs in advance. Possibly one could do a full reconfiguration of the UE without considering current configuration, but that leads to larger reconfiguration message and limitation to some fundamental baseline feature set which all UEs are guaranteed to support which limits performance and usefulness. Doing a full (re-)configuration may also prevent RRCConnectionResume message processing time optimization (in UE) leading to a net loss. Furthermore, eNB would still need to obtain the stored/cached AS security context so timing is not likely to be improved. A UE can pre-process the RRCConnectionResumeRequest in advance of receiving the UL grant, but the eNB cannot cipher and integrity protect the RRCConnectionResume message for an unknown UE. Additionally, the eNB will need to handle several different UEs with varying capabilities from different releases, which of course would increase the complexity. Hence it is suggested not to assume reduction in this step.
Reduced processing after RRC Connection Resume
A second modification is needed in step 9, where the UE processes RRCConnectionResume and prepares for transmitting RRCConnectionResumeComplete. 
This is the component that seems to require major latency component reduction. One possible issue in the latency reduction of component 9, i.e. msg4 processing, is that when receiving msg4 the UE needs to activate security and to do this the UE needs to receive the NCC parameters (nextHopChainingCount) in msg4. Therefore, one possible way to reduce UE latency due to security keys updates, could be to send the NCC in the release message (which is already possible in NR and for Early-data-transmission in MTC). By doing so, the UE can generate the security keys earlier hence reducing latency from msg4 to msg5. In fact, if needed to meet the latency requirement, the UE could also prepare and pre-process a RRCConnectionResumeComplete message on DCCH.
Proposal 2 [bookmark: _Toc510709414][bookmark: _Toc510709519][bookmark: _Toc510744853]RAN2 considers the include the NCC parameter (nextHopChainingCount) in the release message.
Additionally, to further aid UE processing, the reduced latency  is only applied in circumstances of limited context modification.
Proposal 3 [bookmark: _Toc510709415][bookmark: _Toc510709520][bookmark: _Toc510744854]The new processing time is applied for limited context modification.
Therefore, with the above proposal, the UE should be able to respond to RRCConnectionResume received in subframe n with RRCConnectionResumeComplete in subframe n+6.
Proposal 4 [bookmark: _Toc510709416][bookmark: _Toc510709521][bookmark: _Toc510744855]The UL timing for RRCConnectionResumeComplete is n+6.
Achievable latency
With the enhancements described above the CP latency will be as outlined in Table 2. As can be seen the total latency can reach 19.5ms which would fulfil the ITU target.
[bookmark: _Ref492999729]Table 2. CP latency with proposed modifications in Rel-15.
	Component
	Description
	Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	3 or 4 [FFS]

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Resume
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	5

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	19.5



[bookmark: _Toc510709412][bookmark: _Toc510709517][bookmark: _Toc510744851]With the proposed modifications, LTE Rel-15 can reach the IMT 2020 target for CP latency.
When does this feature apply?
EPS supports a very wide range of services and applications and has many use cases. Latency requirements vary with use case and, therefore, the CP latency reduction feature is proposed to be optional.
Proposal 5 [bookmark: _Toc510709417][bookmark: _Toc510709522][bookmark: _Toc510744856]The CP latency reduction feature is optional.
The eNB will know based on the timing of msg3 whether the UE supports this feature. Thus, this UE capability does not require separate capability signalling. 
However, the UE needs to know whether the cell is configured with this feature to ensure msg3 is sent with valid timing. This is needed for backwards compatibility; e.g., new UE in old network. Since this feature is applied during the transition to RRC CONNECTED, the eNB must tell the UE whether this feature should be applied or not. So it should be broadcasted to the UE whether the feature should be applied or not. We suggest to signal this in SIB2.
Proposal 6 [bookmark: _Toc510709418][bookmark: _Toc510709523][bookmark: _Toc510744857]A UE capable of this feature applies this feature only when configured, via SIB2, to do so.
Companion CRs to introduce this feature are given in [1][2].
Conclusion
In section 2 we made the following observations:
Observation 1	The CP latency in LTE Rel-14 exceeds 20ms.
Observation 2	With the proposed modifications, LTE Rel-15 can reach the IMT 2020 target for CP latency.

Based on the discussion in section 2 we propose the following:
Proposal 1	If configured, CP latency reduction capable UEs apply n+4 or n+5 timing [FFS] for transmission of Msg3 with RRC Connection Resume Request.
Proposal 2	RAN2 considers the include the NCC parameter (nextHopChainingCount) in the release message.
[bookmark: _GoBack]Proposal 3	The new processing time is applied for limited context modification.
Proposal 4	The UL timing for RRCConnectionResumeComplete is n+6.
Proposal 5	The CP latency reduction feature is optional.
Proposal 6	A UE capable of this feature applies this feature only when configured, via SIB2, to do so.
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