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1 Introduction
In the last meeting, RAN2 has reached the following agreements regarding to LTE CP latency reduction.

Agreements:
1	CP latency reduction feature is optional feature with capability signalling and is configurable.
2	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

It appears that DL data could meeting the 20ms IMT-2020 requirement while the UL data still need further study. In this paper, we discuss how to reduce the latency of UL data transmission.

2 Discussion
The following table from R2-1806403 [1] summarize the current status of LTE CP latency analysis.

	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)
	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
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6

	
	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 
	0

	 
	Total delay [ms]
	Not more than 23.5

	
	

	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




After RRC connection resume completed (step 9.1), UE could receive the DL data immediately. However, UE need a UL grant to send response message and UL data. While UE is doing L1/L2 reconfiguration for connection resume message, the low layer could not receive UL grant. So, UE has to wait the UL grant after sending RRC Connection resume complete message and this create additional delay. To speed up the UL data access, a mechanism is required to deliver the UL grant to UE earlier.

In the LTE R14 mobility enhancement, RAN2 agreed to add (optional) UL grant configuration in RRC Reconfiguration message. The corresponding IE could be included in RRC Reconfiguration message for handover.

RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}


We believe that the same mechanism could be applied to RRC Connection Resume message. NW provide UL grant in RRC Connection Resume message so that UE does not have to receive UL grant while doing the reconfiguration. The UL grant is used both for RRC response message and UL data. A predefined timing after received RRC Connection resume message is specified. UE send the RRC Connection Resume Complete message and UL data (if available) in the predefined subframe.

Proposal 1: In step 9.1, RRC connection resume message also include UL grant configuration. 

As a consequence of proposal 1, the 1ms in step 9.2 could be removed. However, there still 3ms in step 9.3 for processing the UL grant and preparing the UL TX data. Further optimization to reduce the delay is required. Based on our analysis, UE could do some kind of parallel processing to combine step 9.1 and 9.3 but still some additional time is required. Furthermore, UE has to send the UL data according to the current TA (timing advanced) value. Thus it is not possible for eNB to receive the UL message right after step 9.1. Considering that the maximum TA value is 667us defined in TS 36.211. We think there should be 1ms delay in step 9.3.

Proposal 2: In step 9.3, the processing delay is reduced to 1ms.

With the above proposals, we could illustrate the timeline of step 9 in the following picture.




The result is that UE could receive DL data within 19.5ms and send UL data within 20.5ms. In average, we think this could meet the IMT-2020 requirement 20ms initial access delay.

3 Conclusions	
Base on the discussion in section 2, we propose the following for LTE CP latency reduction 

Proposal 1: In step 9.1, RRC connection resume message also include UL grant configuration.

Proposal 2: In step 9.3, the processing delay is reduced to 1ms.
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