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Introduction
LTE latency reduction is an 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 can be reduced from 10ms to 1ms.
The reduction of control plane latency is equally important. The delay and processing time during the initial call establishment is very important for relatively small payload applications. Even for the low latency sTTI data transmission, the initial RRC set up is very 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 expcted that LTE fulfil these requirements and reduce the CP latency substantially.
RAN1#92 is expected to handle two LSs on LTE CP latency reduction: (i) R1-1801308 (R2-1714186), and (ii) R1-1801313(RP-172840).  In this contribution, we propose RAN1 conduct a thorough feasibility of CP latency reduction considering wider aspects and not restricted.  In particular, we propose RAN1 to study the use of sTTI (2/3/7 OS) in RRC procedure and introducing a mechanism (say, new RACH format) to enable network to identify sTTI-capable UEs at the earliest in RRC procedure.

On RAN1 Feasibility of LTE Control Plane Latency Reduction


According to LS R1-1801308 (R2-1714186), the feasibility aspects requested by RAN2 are:

1. One aspect which can be used to reduce the CP latency is to reduce processing time of the UL grant received in Random Access Response and by reducing from today's N+6 to N+4 ms. This is proposed for Resume procedure only.
2. Another aspect which could reduce the CP latency (including RRC Connection setup) much further is to use sTTI during the Random Access procedure. The proposed solution is to introduce a new RACH format. 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 . 

According to LS R1-1801313 (RP-172840), RAN#78 discussed CP latency and ageed:
[bookmark: _Hlk501549341]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. 

ACTION: 	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

On examining RP-172750 [3], the CP latency reduction focuses only on reducing processing delay.  From Table 2 in [3], three components are reduced:
· 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 this proposed reduction of processing time, CP latency can be reduced from 31.5m to 18.5ms such that the ITU IMT-2020 requirement can be fulfilled. However, we note that this is only a moderate reduction in L1 processing time, there are few other minor enhancements that can be included in the CP latency reduction.  

[bookmark: _GoBack]For a UE that is capable of sTTI and reduced processing time, RAN1 should investigate if RRC connection setup procedure or RRC connection resume procedure can be carried out with a shortened TTI (2 / 3/ 7 OS).  With the introduction of shortened TTI in RRC procedure, in addition to processing time reduction, the CP latency can be reduced to ~12ms.  We propose that RAN1 to carry out feasibility including sTTI in subsequent RRC message.  A suitable  mechanism, say in the form of a new RACH format, to identify sTTI-capable UEs at the earliest in the RRC procedure would also be necessary in this case. We propose RAN1 should also consider this in the feasibility. 

Proposal 1: RAN1 to consider the feasibility of shortened TTI (2/3/7 OS) for RRC procedure in addition to reduced processing time.

Proposal 2: RAN1 to consider the feasibility of a suitable mechanism (e.g. a new RACH format) to identify sTTI-capable UE at the earliest in the RRC procedure.
Conclusions
Considering the LSs from RAN and RAN2, RAN1 is expected to carry out feasibility of LTE CP latency reduction.  In this contribution, we propose below proposals to be included in the feasibility .
Proposal 1: RAN1 to consider the feasibility of shorted TTI (2/3/7 OS) for RRC procedure in addition to reduced processing time.

Proposal 2: RAN1 to consider the feasibility of a mechanism (e.g. a new RACH format) to identify sTTI-capable UE at the earliest in the RRC procedure.
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