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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
As already discussed in previous meeting, the CP latency contribution in Rel.14 looks like shown in the Table 1.
[bookmark: _Ref513720055]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][bookmark: _Toc513721604][bookmark: _Toc513721720][bookmark: _Toc513721852][bookmark: _Toc513729304][bookmark: _Toc513732669][bookmark: _Toc513756859]The CP latency in LTE Rel-14 exceeds 20ms.
Solution to reduce CP latency
In order to tackle the issue captured in Observation 1, RAN2 has made some progress during last RAN2#101-bis meeting. In particular, the following agreements were reached:
	From RAN2#101-bis meeting:
· CP latency reduction feature is optional feature with capability signalling and is configurable
· Agree on the conditions in the Notes in the following Table for CP latency reduction
	Notes
	

	1
	In step 5, the latency of 4ms has been agreed by RAN1, see LS in R2-1806411

	2
	In step7, the processing delay in eNB (L2 and RRC) has been reduced to 3ms.

	3
	In step 9.1, RRC connection resume message only include MAC and PHY configuration.  No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. 

	4
	In step 10, the latency associated to the Transmission of RRC Connection Resume Complete and UP data is assumed to be 0ms




=>	Continue to work on the analysis of the Control Plane latency requirements for LTE FDD in order to establish what is the latency for the UE to be able to start continuous data transfer in the UL and in the DL.




Therefore, by taking into account the above agreements, the current CP latency looks like in the following table (in red are reported the new values after RAN2#101-bis agreements)
Table 2: CP latency after RAN2#101-bis meeting.
	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)
	4

	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)
	15

	10
	Transmission of RRC Connection Resume Complete and UP data
	0

	 
	Total delay [ms]
	28.5



In our understanding the component 1 can also be removed. The reason is that ITU guidelines say that we should consider only the transition time from idle mode until the start of continuous data transfer 
	From IMT2020 requirements [3]:
4.7.2	Control plane latency
Control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.
The minimum requirement for control plane latency is 20 ms. Proponents are encouraged to consider lower control plane latency, e.g. 10 ms. 



Therefore, in our understanding it is sufficient if 3GPP only focuses on the random access procedures.
[bookmark: _Ref513720123][bookmark: _Toc513721605][bookmark: _Toc513721721][bookmark: _Toc513721853][bookmark: _Toc513729305][bookmark: _Toc513732670][bookmark: _Toc513756860]RAN2 only focuses on the latency of the random access procedures, i.e. component 1 in Table 1 is neglected.
From the above proposal, it becomes straightforward to assume the latency contribution of component 9 has to be at most 7ms.
[bookmark: _Ref513720124][bookmark: _Toc513721606][bookmark: _Toc513721722][bookmark: _Toc513721854][bookmark: _Toc513729306][bookmark: _Toc513732671][bookmark: _Toc513756861]Latency contribution of component 9 is 7ms.
From Proposal 1, Proposal 2, it turns out that the 20ms target can be achieved, as shown in Table 3. 
[bookmark: _Ref513721806][bookmark: _Ref513720220]Table 3: Proposed latency values to meet 20ms requirement.
	Component
	Description
	Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0

	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)
	4

	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)
	7

	10
	Transmission of RRC Connection Resume Complete and UP data
	0

	 
	Total delay [ms]
	20



The value 7ms in component 9 implies that the value N in TS 36.331 should be set to 3ms. In fact, the value N is defined in TS 36.331 as the time the UE needs to wait after RRC Connection Resume before being able to decode the next UL grant.
	From TS 36.331, section 11.2:
The UE performance requirements for RRC procedures are specified in the following tables, by means of a value N:
N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).
NOTE:	No processing delay requirements are specified for RN-specific procedures.






Therefore, the overall latency contribution for the component 9 should look like depicted in Figure 1. 


[bookmark: _Ref513721838]Figure 1: Component 9 latency contribution.
[bookmark: _Toc513721607][bookmark: _Toc513721723][bookmark: _Toc513721855][bookmark: _Toc513729307][bookmark: _Toc513732672][bookmark: _Toc513756862]The value N in TS 36.331, i.e. the time the UE needs after reception of RRCConnectionResume before being able to receive an UL grant, is set to 3ms.
We also note that in RAN2#101-bis it was agreed that the RRCConnectionResume message used to support this new feature should contain only a limited set of parameters to be reconfigured. In particular, it was agreed that no DRX, SPS, CA, or MIMO (re)configuration should conveyed therein. Under this condition, we assume that it should be possible for the UE to continue processing the RRCConnectionResume message even after the reception of the UL grant. 
To this end, we propose to clarify this possible UE behavior with a NOTE in TS 36.331
[bookmark: _Toc513732673][bookmark: _Toc513756863]Capture a NOTE in section 11.2 in 36.331 saying that the RRC procedure may extend beyond reception of the UL Grant provided that the UL Grant (the reception of which may be subject to the new configuration) can be received, and the procedure is completed such that response can be transmitted using the provided UL Grant.

In our companion CRs  [1][2], we show the specification impact to support this feature.
Conclusion
In section 2 we made the following observations:
Observation 1	The CP latency in LTE Rel-14 exceeds 20ms.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 only focuses on the latency of the random access procedures, i.e. component 1 in Table 1 is neglected.
Proposal 2	Latency contribution of component 9 is 7ms.
Proposal 3	The value N in TS 36.331, i.e. the time the UE needs after reception of RRCConnectionResume before being able to receive an UL grant, is set to 3ms.
Proposal 4	Capture a NOTE in section 11.2 in 36.331 saying that the RRC procedure may extend beyond reception of the UL Grant provided that the UL Grant (the reception of which may be subject to the new configuration) can be received, and the procedure is completed such that response can be transmitted using the provided UL Grant.
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