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[bookmark: _Ref492503575]Introduction
RAN#78 tasked “RAN2 and RAN1 to check feasibility and values of reduced processing times in RRC Resume procedure and make corresponding spec changes as part of TEI15 by June 2018 to fulfil IMT-2020 requirement” [1].
RAN2 discussed on to this aspect in RAN2#101 and agreed the following:
	=>	RAN2 will focus on component 5, 7, 9 and 10 to reduce the CP latency. 
=>	The following table is used as baseline.
	Compo
nent
	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






In this contribution, we present our views on the above options, specifically focusing on steps 5, 7, 9 and 10 as agreed.
Discussion
Step 5
The UE processing time in legacy Rel-14 procedure is 5ms. This includes decoding of scheduling grant, timing alignment and C-RNTI assignment as well as L1 encoding of RRC Connection Resume Request. Some previous contributions suggested to reduce this aggressively to 3ms. We think reducing this to 3ms is not feasible given the amount of processing that UE needs to finish during this time. However, it should be possible to reduce this to 4ms; however that entails some standardization impact in RAN1. 
[bookmark: _Toc510534160][bookmark: _Toc510534494][bookmark: _Toc510606800][bookmark: _Toc510729107]From RAN2 point of view, it should be feasible to reduce step 5 to 4ms.
Step 7
[bookmark: _GoBack]As claimed by some companies during the online discussion in RAN2#101 in the context of step 9, the scenario under consideration includes a simple configuration to be provided to the UE under an ideal condition when network is not loaded. In addition, RRC connection resume message should be easier to generate compared to RRC connection setup message at the eNB as the UE stores its context. Given that current eNBs are much more smarter and equipped with vast processing power, reducing the processing delay in eNB should be feasible. In addition, as network behaviour is not normally specified, there is no specification impact.
[bookmark: _Toc510534162][bookmark: _Toc510534495][bookmark: _Toc510606801][bookmark: _Toc510534161][bookmark: _Toc510729108]Reducing eNB processing time in step 7 has none or minimal specification impact.
[bookmark: _Toc510534496][bookmark: _Toc510606802][bookmark: _Toc510729109]Given that current eNBs are much smarter and equipped with higher processing power, reducing the processing delay in eNB to 2ms in step 7 for a simpler configuration should be feasible.
Step 9
In legacy Rel-14 operation, the delay requirement for the UE to process RRC connection resume message is 15ms. This is specified in TS 36.331 section 11.2 as follows.
	[bookmark: _Toc486076352]11.2	Processing delay requirements for RRC procedures
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.


Figure 11.2-1: Illustration of RRC procedure delay

Table 11.2-1: UE performance requirements for RRC procedures for UEs other than NB-IoT UEs
	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N
	Notes

	RRC Connection Control Procedures

	RRC connection establishment

	RRCConnectionSetup or RRCConnectionResume
	RRCConnectionSetupComplete or RRCConnectionResumeComplete
	15
	



<<other text omitted>>



The above requirement means that UE shall be ready to receive UL grant after 15ms. This also means that the legacy value for step 9 is 19ms instead of 15ms as presented by several companies in the last meeting. This is because step 9 involves three parts before UE is ready to transmit the resume complete message – 
1. Ready to receive UL grant within 15ms, 
2. Receive UL grant, and 
3. Actually transmit the UL message after another 3ms processing delay.
[bookmark: _Toc510729110]Delay for step 9 in legacy Rel-14 operation is as much as 19ms, instead of 15ms.
Below is the table reproduced from Chair’s note in the last meeting, with added column showing the legacy values and splitting step 9 into three sub-bullets for clarity:

	Compo
nent
	Description
	Legacy Rel-14
[ms]
	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
	0.5

	2
	Transmission of RACH Preamble
	1
	1
	1
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2
	2
	2
	2

	4
	Transmission of RA response
	1
	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)
	5
	3
	4
	4[5]
	5

	6
	Transmission of RRC Connection Resume Request
	1
	1
	1
	1
	1

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

	8
	Transmission of RRC Connection Resume
	1
	1
	1
	1
	1

	9
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	15
	5
	7
	4
	5

	
	9.2 transmission of UL grant by eNB 
	1
	??
	??
	??
	??

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	3
	??
	??
	??
	??

	10
	Transmission of RRC Connection Resume Complete and UP data 
	1
	[0]
	[0]
	[0]
	[0]

	 
	Total delay [ms]
	35.5
	17.5?
	19.5?
	18.5?
	18.5?



Based on the above discussion, it seems RAN2 has not previously considered steps 9.2 and 9.3. While it is expected that modern UEs should be able to process the message somewhat quicker than earlier releases, reducing step 9 to 4ms (i.e. 79% reduction) as proposed in Opt 3 is clearly unrealistic because this means UE shall be ready to receive UL grant for RRC Connection Resume Complete and UL data immediately in the next subframe after receiving RRC Connection Resume. 
[bookmark: _Toc510534163][bookmark: _Toc510534497][bookmark: _Toc510606803][bookmark: _Toc510729111]Step 9 delay in Option 3 in the baseline table is clearly unrealistic.
Step 10
RAN2#101 discussed whether delay for step 10 needs to be included in the total latency calculation for meeting IMT-2020 requirements.
As defined in the IMT 2020 requirements (M.2410), 
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).
the delay is between the point in time when the UE requests a connection, to the point after which continuous data flow is possible. Given that step 10 itself includes the UL data transmission, one could argue that the possibility for the data transmission is already achieved at the end of step 9. Therefore, in our view, step 10 does not need to be added to the total control plane latency.
[bookmark: _Toc510534164][bookmark: _Toc510534498][bookmark: _Toc510606804][bookmark: _Toc510729112]Step 10 can be considered 0 for LTE control plane latency calculation.
Based on the above observations, we propose the following. 
As Option 3 involves unreasonably low UE processing time for step 9 (79% reduction from legacy) requiring UE to be ready to receive UL grant for RRC Connection Resume Complete and UL data immediately in the next subframe after receiving RRC Connection Resume, this option should be excluded from further discussion.
[bookmark: _Toc510450661][bookmark: _Toc510534132][bookmark: _Toc510534171][bookmark: _Toc510534499][bookmark: _Toc510606805][bookmark: _Toc510729441]Option 3 is not feasible from UE’s perspective and excluded from further discussion.
Based on the observation in step 10 above,
[bookmark: _Toc510606806][bookmark: _Toc510729442]Step 10 is considered to be 0ms in further discussion.
Based on discussion on step 9,
[bookmark: _Toc510729443]Discuss whether/how to address steps 9.2 (delay for reception of UL grant) and 9.3 (UL grant processing delay).
Among the remaining options 1, 2 and 4, Options 1 and 4 are un-necessarily aggressive. The actual target is 20ms and it should be preferable to meet the target in a more reasonable and practically possible manner. As Option 2 seems to be a reasonable compromise between eNB and UE processing time reductions (approximately 50% reduction for step 7 and 63% reduction for step 9), it can be adopted by RAN2.
[bookmark: _Toc510534133][bookmark: _Toc510534172][bookmark: _Toc510534500][bookmark: _Toc510606807][bookmark: _Toc510729444]Adopt Option 2 as attainable compromise for both UE and eNB processing time reduction to achieve IMT 2020 CP latency goal.

Conclusion
In this contribution, we discussed the aspects of Control Plane latency reduction to meet IMT 2020 requirements. Based on the above discussion, we made the following observations and proposals:
Observations:
Observation 1.	From RAN2 point of view, it should be feasible to reduce step 5 to 4ms.
Observation 2.	Reducing eNB processing time in step 7 has none or minimal specification impact.
Observation 3.	Given that current eNBs are much smarter and equipped with higher processing power, reducing the processing delay in eNB to 2ms in step 7 for a simpler configuration should be feasible.
Observation 4.	Delay for step 9 in legacy Rel-14 operation is as much as 19ms, instead of 15ms.
Observation 5.	Step 9 delay in Option 3 in the baseline table is clearly unrealistic.
Observation 6.	Step 10 can be considered 0 for LTE control plane latency calculation.

Proposals:
Proposal 1.	Option 3 is not feasible from UE’s perspective and excluded from further discussion.
Proposal 2.	Step 10 is considered to be 0ms in further discussion.
Proposal 3.	Discuss whether/how to address steps 9.2 (delay for reception of UL grant) and 9.3 (UL grant processing delay).
Proposal 4.	Adopt Option 2 as attainable compromise for both UE and eNB processing time reduction to achieve IMT 2020 CP latency goal.
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