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1 Introduction

In a companion document [1] it is noted that there is a need to specify a latency requirement for the low complexity LTE UE.  This document provides an initial discussion of the issues surrounding specification of latency values. 

2 Need for a latency requirement

The study item description [2] includes the following text. 
..... guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study
The main intent of the statement is understood to be that low complexity MTC features which affect system performance should not be used in standard LTE handsets/smartphones or for conveying real time communications such as voice or video.  As expressed in the study item description this requirement comprises two aspects, namely data rate and latency. A requirement of the study, that relaxes the requirement upon the UE regarding the minimum data rate which needs to be supported, already exists in the draft study report [3].  However, the draft study report does not yet contain any requirements concerning latency. 
A second motivation for including a latency requirement is that a relaxation in latency requirement is another dimension of freedom which might be exploited in order to reduce the cost of an MTC LTE UE.  By way of example, extra latency could be used to provide additional time diversity to compensate for any detrimental impacts on link budget brought about by RF cost reductions.

3 Types of latency requirement

There are a multitude of latency values that might be considered relevant.
· Connection setup latency

· There may be the need to define a latency value to account for any allowable delay in moving from an RRC Idle state to an RRC connected state prior to the transmission of a higher layer packet. 

· Unidirectional packet transfer delay for uplink and downlink

· This would be the acceptable delay between a higher layer
 packet being available for transmission at the transmitter (i.e. eNB in the case of the downlink, or UE in the case of the uplink) and that packet being successfully delivered to the equivalent higher layer at the receiver (i.e. UE in the case of the downlink, or eNB in the case of the uplink).
· Such a UE ( eNB delay budget would need to be shared by all access stratum protocol layers including PHY, RLC, MAC, PDCP and RRC.  Notably it would include delays attributable to MAC scheduling and RLC re-transmission.   From a modem cost reduction perspective RAN1 WG may be most interested in determining the delay budget which can be exploited by the PHY layer.  
· UE higher layer processing delay

· Potentially there may also be some benefit in considering UE higher layer processing delay, where this delay refers to the period between a UE receiving a higher layer message and it being ready to transmit a response message.   Examples:

· Section 11.2 of the RRC specification [4] specifies the period between a UE receiving an RRC message on the downlink and a UE being ready to transmit a response in the uplink.   
· Section 5.6 of the GSM performance requirements specification [5] details the UE processing delay requirements for the short message service (SMS).  The short message service is of particular interest in MTC since many existing MTC applications make use of SMS messaging.  The specification [5] details the allowable time between an MS receiving a (SMS) CP-DATA message and the MS transmitting the CP-ACK message (500ms).  There are similar requirements for the (SMS) RP-DATA layer (see Section 5.6.2, [5]).   
4 Selection of latency values
In the remainder of this paper we focus only on connection setup latency and allowable unidirectional packet transfer latency.  Whether or not there needs to be new requirements for UE higher layer processing delay is left for further study. 
4.1 Unidirectional packet transfer latency

The acceptable length of any transfer delay will be application dependent.  For example it may be acceptable for an electricity smart meter to report electricity usage with exceptionally long delay (eg packet transfer ‘sometime this week’ would be OK) whilst in contrast, messaging for a pet or child tracking application will be much more delay sensitive.   
The existing QCI’s for non-GBR traffic, provide for the following two packet delay budgets:

· 100 ms (used by IMS signalling, voice, live streaming video, interactive gaming)

· 300ms (used by buffered streaming video, TCP based applications).

Since the 100ms requirement is directed to support of real time / conversational H2H communications then on this basis it seems reasonable to expect that MTC UEs should at least not need to support packet delay budgets less than 300ms.

If RAN1 WG believes that the majority of the UE cost reduction benefits achievable through exploitation of relaxed latency could be realised with a packet delay budget of 300ms, then this might be an appropriate value on which to base the corresponding latency requirement.   
The following extracts from 23.203 [7] provide additional information on the interpretation of the term ‘packet delay budget’:

· The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the PCEF.

· A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.

· Services using a Non-GBR QCI should be prepared to experience congestion related packet drops, and 98 percent of the packets that have not been dropped due to congestion should not experience a delay exceeding the QCI's PDB.

Since the packet delay budget gives the acceptable delay between PCEF and UE and since specification 23.203 [7] states that it may be assumed that the average delay between the PCEF and the eNB is 20ms, then the delay budget between eNB and UE can be deduced by subtracting 20ms from the packet delay budget given in the QCI characteristics table.  If the 300ms figure were to be selected then this would give a radio interface delay budget of 280 ms
 (300-20ms).  

If companies in RAN1 believe that a further relaxation in this delay would be beneficial in order to achieve greater cost savings then this should certainly be discussed. 
4.2 Connection setup latency

The performance requirements for LTE state that connection setup latency should be < 100ms.  Specifically TR 25.913 [6] states: 

Transition time (excluding downlink paging delay and NAS signalling delay) of less than 100 ms from a camped-state, such as Release 6 Idle Mode, to an active state such as Release 6 CELL_DCH, in such a way that the user plane is established.

Given that, if anything, the delay requirements for a low complexity LTE MTC UE will be more relaxed than for a conventional LTE UE the only question would seem to be whether a longer delay than 100 ms may be acceptable.

Whether or not there is any value in increasing this delay figure will be dependent in part on whether any significant cost reduction potential or other (eg time diversity) benefits are identified.  If no significant motivations can be found for increasing the delay then it would seem appropriate to keep the existing specified delay of 100ms.  

Hence an appropriate way forward might be to assume a value of 100ms, but with an understanding that this value could be revisited if significant motivation were found for increasing the value.

5 Conclusions
RAN1 is invited to discuss:

1. What type(s) of latency requirement are required? Identified possibilities are:
· Connection setup latency, unidirectional packet transfer latency and/or UE higher layer processing latency 

2. What values for the latency requirement might be appropriate? Examples that were discussed included:
· Connection setup latency: 100ms
· Unidirectional transfer latency: 280 ms
However, if companies in RAN1 believe that a further relaxation in this delay would be beneficial in order to achieve greater cost savings then this should certainly be discussed. 
6 References
[1]
‘Requirements for a low complexity LTE UE’, IPWireless, 3GPP TSG WG1 #67, San Francisco, USA, R1-114261
[2]
‘Proposed SID: provision of low-cost MTC UEs based on LTE’, Vodafone, 3GPP TSG RAN meeting #53, Fukuoka, Japan, 13-16 Sept 2011, RP-111112
[3] 
‘Study on provision of low-cost MTC UEs based on LTE’, 3GPP TR36.888 V0.1.0 (2011-10),  R1-113616

[4] 
‘E-UTRA Radio Resource Control’, 3GPP TS 36.331 V10.3.0 (2011-09) 

[5]  
‘Performance requirements on the mobile radio interface’, 3GPP TS 44.013 V10.0.0 (2011-03)

[6]
‘Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)’, 3GPP TR 25.913 V9.0.0 

(2009-12) 

[7]
‘Policy and charging control architecture’, 3GPP TS 23.203 V11.3.0 (2011-09)
� The ‘higher layer’ might be IP in the case of a user plane MTC communication or might be a NAS packet (which will be encapsulated in an RRC message) in the case of a control plane MTC communication such as would be used for SMS.  


� Note that this delay budget will also need to be shared with layers above PHY, for example to also include delays attributable to MAC scheduling and RLC re-transmission. 
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