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Introduction
The ITU target for control plane (CP) latency in IMT 2020 has been set to 20ms. LTE Rel-14 does not meet these requirements, and enhancements are therefore considered necessary.
Discussion
Current CP-latency in LTE
In LTE Rel-14 with RRC Resume the different steps and associated latencies are described in Table 1. After step 10 the UE is in RRC_CONNECTED (Active) state and data transmission may have commenced.
[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 20 ms CP latency is not reached.
The CP latency in LTE Rel-14 exceeds 20ms.

Reducing delays for the existing Random Access procedure
[bookmark: _Hlk501371316]At RAN2#100, enhancements were proposed for meeting the target. Ericsson proposed to reduce processing times during the Random Access procedure, as described below. And in addition to this, it was proposed that sTTI is used during the Random Access procedure to further reduce the CP-latency (RP-172653). 
One way to meet the requirements is to reduce the processing times in the UE and eNB during the Random Access procedure:
· A first delay which can be reduced is the time from UE receiving RA response until the UE transmits MSG3. Or more specifically, the grant in the RA response received in subframe n is valid in n+4.

· A second delay which can be reduced is the eNB timing in step 7. However, we note that the eNB timing of step 7 is not standardized and can therefore be assumed by implementation to be e.g. 3ms.

· Finally a third delay which can be reduced is the UE processing delay for the RRC message received in message 4. Today, if the UE receives e.g. an RRC resume message in TTI n the UE shall be ready to respond with the corresponding complete-message at most 15 ms later. It is proposed that this delay is reduced to 5 ms.
With the enhancements described above the CP latency will be as outlined in Table 2. As can be seen the total latency can reach 18.5ms 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

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	3

	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 
	1

	 
	Total delay [ms]
	18.5



Reducing processing time of RA response grant and RRC resume, would make LTE Rel-15 reach the IMT 2020 target for CP latency.

Reducing the delays would require changes to RAN2 and RAN1 specifications and CRs are provided in R2-1713523, R2-1713524 and R1-1720962. As can be seen, the changes are small hence we think they are feasible to do under TEI15.
Reducing processing time of RA response grant and RRC resume, is feasible to do under TEI15.
Conclusion
This contribution provides an overview of LTE CP latency in the context of IMT 2020 CP latency requirements. We propose:
[bookmark: _In-sequence_SDU_delivery]CP-latency reduction by reducing processing delays during the Random Access procedure is introduced under TEI15.
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