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1	Introduction
LTE latency reduction is important enhancement that is currently being completed in Release-15 to meet the new low latency services and applications, thus enabling new verticals that were never addressed before.  In Shortened TTI and Processing Time work item [1], the enhancements are particularly focussed on reduction of TTI (transmission time interval) for the user plane and when the device is in RRC_CONNECTED state.  With reduction of 1ms TTI to 2/3 OFDM symbol or 7 OFDM symbols (slot), the radio TTI latency is significantly reduced. For 1ms TTI the processing time has been reduced from (N+4) to (N+3).  In the L2 latency reduction work item [2], the enhancements are related to semi-persistent scheduling for faster uplink transmission.  The uplink waiting period for PUCCH Scheduling Request is reduced from 10ms to 1ms. 
In our view, the reduction in control plane latency is also equally important.  The delay and processing time during the initial call establishment is particularly important for relatively small payload applications. Even for the low latency sTTI data transmission, the initial RRC set up is considerably long.  The longer control plane latency may have impact on battery life of the devices as well. It is important to mention that IMT-2020 target for CP latency is set to 20ms and it is that LTE fulfil these requirements and reduce the latency substantially. We explore methods to significantly reduce the CP latency, including possibilities of using sTTI enhancements for RRC procedure.

2	Discussion 
Below we provide an overview of the possible enhancements that would be needed to reduce the CP latency to a value much lower than 20ms. 
2.1 Informing UE capability at the earliest possible stage (e.g. RACH)
When the device with low latency capability is accessing the network and wanting to establish short TTI-based RRC connection, the device should inform the network about the UE capability. It is desirable if the network is aware of the UE’s capability at the earliest stage of the RRC procedure as it would provide knowledge for managing system’s capacity and resources appropriately and allow reducing the latency from the step 1.  One of the potential method is to introduce a new format of RACH preamble. The details of the new preamble formats including the T_CP and T_SEQ can be discussed in RAN WG1.  
Proposal 1:  A method to inform the UE’s low latency capability at the earliest stage of RRC procedure.   Introduce a new format of RACH preamble.
2.2 Broadcast Information on new configuration in SIB2
If a new format or PRACH access mechanism is introduced, corresponding configuration information about the new PRACH access mechanism is provided in system information block 2 (SIB2). 
Proposal 2:  For a new PRACH access mechanism, such as RACH preamble format and other relevant parameters the configuration information is given in SIB2.
2.3 Random Access Response and RAR Window
On the receipt of new PRACH access mechanism and the UE capability, the eNB processing can be switched to shortened TTI, either (n+4) or (n+6) where the TTI length is 2/3 OS.   Figure 1(a) and Figure 1(b) illustrate the usage of (n+4) processing time with sTTI . 
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Figure 1(a) :  Shortened TTI – symbol boundary aligned with 1ms
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Figure 1(b): Shorted TTI and the processing time (n+4) is shown.
With the proposals above we can substantially reduce the processing time (N+4) and transmission time for all the messages to 2/3OS. In addition to reducing the eNB processing time and transmission latency, the RAR window can also be configured to the lowest possible value, in the order of 2 or 3ms.    The reason for suggesting the lowest RAR window value is to minimize any potential delay due to configured long RAR window.
Proposal 3.1: For the new RACH format, it is proposed to change subsequent RRC procedure the processing time to N+4 where N is sTTI of 2/3 OS  
Proposal 3.2: On receipt of low latency capable UE’s RACH, network should aim to configure RAR window to the lowest possible value e.g. [2] ms
2.4 Msg3 RRC Connection Request
Based on the UL grant details in the RAR, the UE may be able granted access if subsequent messages will follow sTTI or regular LTE timing configurations.  If UL grant is based on sTTI, the msg3 RRC Connection Request as the first PUSCH message based on shortened TTI (2/3 OS).
Proposal 4:  Based on UL grant, RRC Connection Request is based shortened TTI.
2.5 Msg4 and Contention Resolution
The contention Resolution Timer is broadcasted in SIB2.  When the eNB receives RRC Connection Request, it initiates Contention Resolution Timer.   It is proposed to reduce the contention resolution timer values for UEs using new preamble format and also send the msg 4 using 2/3 OFDM symbols. 
Proposal 5:  It is proposed to reduce the contention resolution timer and send the message 4 using 2/3 OFDM symbols
2.6 Potential reduction in CP latency
If the changes above are considered then the following reduction for the CP latency could be reached The numbers above are numbers for discussion and as a conclusion it is proposed to update corresponding specifications (e.g. 36.331)     

	Messages
	Proposed method – values (ms)
	LTE – values (ms)

	1. Msg1 – RACH
	1
	1

	2. RARwindow – preamble detection/processing
	2
	2-20

	3. Msg2 – RAR
	0.2
	1

	4. UE processing
	0.6 – 1
	5

	5. Msg3 – RRC Connection Request
	0.2
	1

	6. eNB processing / contention resolution
	0.6 – 1
	4

	7. Msg4 – RRC Connection setup
	0.2
	1

	8. UE processing
	0.6 – 1 
	15

	9. Msg5 – RRC setup complete
	0.2
	1

	Total
	5.6 – 6.8 ms
	31-49 ms
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3	Conclusions
In this contribution, we presented our views on control plane latency reduction.
Proposal 1:  A method to inform the UE’s low latency capability at the earliest stage of RRC procedure.   Introduce a new format of RACH preamble and write a LS to RAN1 to work out the details.
Proposal 2:  For a new PRACH access mechanism, such as RACH preamble format (if introduced), the configuration information is given in SIB2.
Proposal 3.1: For the new RACH format, it is proposed to change subsequent RRC procedure the processing time to N+4 where N is sTTI of 2/3 OS  
Proposal 3.2: On receipt of low latency capable UE’s RACH, network should aim to configure RAR window to the lowest possible value e.g. [2] ms
Proposal 4:  Based on UL grant, RRC Connection Request can be based on shortened TTI.
Proposal 5:  It is proposed to reduce the contention resolution timer and send the message 4 using 2/3 OFDM symbols


4 	References
[1] RP-171486 “Revised Work Item on Shortened TTI and Processing Time for LTE”, Ericsson, June 2017
[2] RP-160667 “L2 Latency Reduction Techniques for LTE”,  Ericsson, March 2016
image1.png
1ms

0 [1]2[3 [als |6 | (9 110 1112
L ] | j 1 1
TTILI TTYI#Z Tr:#s | 'I'I"I#4 TT:#S Trvms

J





image2.png
o l1 2 |3 a s |6 |
( A L Ju A
TFILl 'I'I'YI#Z TT:#3 : TTYI#4 'I'I':#S 'I'I'YI#G





