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1 Introduction

Latency improvement enhancements [1,2] have been proposed and discussed at previous GERAN meetings and the evolution ad-hoc meeting [3].

This document outlines a text proposal covering the chapters on introduction, concept description, modelling assumptions (reduced TTI only) and performance characterisation (reduced TTI only) that are suggested to be included in the feasibility study report [4]. 
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Proposed text for chapter on latency enhancements:

10
Latency enhancements

10.1 Introduction

Two different enhancements are studied and evaluated:

· Improved ACK/NACK reporting

· Event based RLC ACK/NACK reports

· DL ACK/NACK in Uplink Data

· Reduced transmission time interval (TTI)

The enhancements reduce overall latency and have a second order effect on mean/average and peak bit rates as reduced latency (i.e. lowering the round trip time) may provide better throughput if the bit rate on the link have become so high that the maximum buffer window size limits the transmission rate.

The improved ACK/NACK reporting mainly provides reduced latency in loaded conditions, as the number of re-transmissions is almost zero in ideal conditions. The reduced TTI takes effect in both loaded and non-loaded conditions.

10.2 
Improved ACK/NACK reporting 

10.2.1 Concept description

Currently, the RLC/MAC ACK/NACK reporting is a time consuming procedure. This is especially true for downlink transfers. The procedure for DL transfers is that the BSS periodically (RRBP) polls the mobile for ACK/NACK reports. Considering the periodicity for the polling, it is realistic that it takes in the order of 150 to 250 ms from an RLC block is considered lost in the MS until the PCU realises it. This is a large problem especially considering delay sensitive applications, such as PoC or VoIP. Consider also that in RLC Acknowledged mode the LLC layer in the receiver applies “in-order-delivery” to upper layers, which means that a single lost RLC data block will delay all consecutive LLC packets until this RLC data block has been successfully transmitted.

“RRBP poll” in this context means a BSS ordered periodic poll for DL ACK/NACKs from the MS. “USF scheduling” is the procedure for BSS to allow a specific MS to send data uplink on the specified UL channel. The disadvantage with (very) frequent RRBP polls is that it reserves the UL channel for ACK/NACKs, and even though there are no blocks lost the MS needs to send a ACK/NACK uplink (and not data) as a response to any RRBP poll.

Two methods to improve ACK/NACK reporting are:
· Event based RLC ACK/NACK reports

· Downlink ACK/NACK in uplink data 

10.2.1.1
Event based RLC ACK/NACK reports

A different approach to the periodic polls from the BSS would be that when the receiver (MS) realises that a RLC data block is missing (from BSN sequence out of order or, in the EGPRS case, when the BSN is successfully decoded but the RLC data is not) it could immediately report this to the BSS. To avoid collisions on the shared UL physical channel(s) the event based ACK/NACK would have to be scheduled by BSS, and thus sent as a response to either USF scheduling or RRBP poll. Currently only RRBP poll is allowed according to 3GPP TS 44.060. To let the BSS still have control over the balance between payload and ACK/NACKs in the UL direction, it may be desired that the BSS still must control the mobile station usage. This can be done for example by setting a maximum ratio between ACK/NACK and payload (e.g., in every Packet UL ACK/NACK), and/or set how many RLC data blocks that shall be missing before an event based DL ACK/NACK is sent. This would let the BSS dynamically control the DL ACK/NACK reporting depending on what is currently the main payload direction and also considering QoS requirements. In addition, by using USF scheduling BSS would also have control over multiplexing of different users versus DL ACK/NACK reporting.

10.2.1.2 
ACK/NACK in Uplink Data

There are spare bits in the RLC/MAC header for EGPRS uplink data blocks. These could be used for ACK/NACK blocks for the DL TBF. The method should be event based as described in chapter 3.1.1, which means that the bits shall be used only if there are lost blocks. Since there is no room for sending BSN, the exact meaning of the bits needs to be defined.

The advantages with this method may be:

· Immediate NACK of lost RLC block possible -> low latency

· No reduction of uplink capacity

This method should be regarded as a complement to the method described in chapter 10.2.1.1 rather than alternatives.

10.2.2 Modelling assumptions and requirements

10.2.3 Performance characterization

10.2.4 Impacts to the mobile station

10.2.5 Impacts to the BSS

10.2.6 Impacts to the Core Network

10.2.7 Impacts to the specifications

10.3 
Reduced transmission time interval

10.3.1 
Concept description

A reduced transmission time interval (TTI) will reduce the Round Trip Time. The present situation (assuming ideal radio conditions) is shown in Figure 1 where the delay related to the radio block period of 20 ms is shown. Depending on the MS capability and the radio conditions one or more radio blocks are necessary to send a Ping. By reducing the TTI the time needed to complete a Ping will be lowered.
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Figure 1. Typical delay figures related to the TTI of 20 ms in ideal radio conditions (note that the delay over Abis depends on configuration). In addition, node processing delay, core network delay and internet delay will contribute to the end-to-end delay.

Today a radio block is divided into four bursts that are mapped onto four consecutive TDMA frames using one timeslot per frame, giving a TTI of 20 ms. This together with frequency hopping provides frequency diversity since coding and interleaving is done over one radio block. There are two ways to extend this to become more generic and reduce the delay for one radio block: in time-slot domain and in frequency domain.

10.3.1.1
Radio block mapping in time-slot domain

Figure 2 shows two examples of radio block mapping in time-slot domain.
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Figure 2. Different mappings in time-slot domain of four bursts onto a radio block.

 The mapping of the four bursts to a radio block consists of:

i) two consecutive TDMA frames and two consecutive timeslots (left figure)

ii) one TDMA frame and four consecutive timeslots (right figure)

Alternative (i) reduces the TTI from 20 ms to 10 ms and alternative (ii) to 5 ms. 

10.3.1.2   Radio block mapping in frequency domain (inter-carrier interleaving)

By mapping the four bursts of a radio block onto two consecutive TDMA frames on two separate carriers, the TTI can be reduced to 10 ms – without sacrificing frequency diversity. Similarly, quadruple-carrier EGPRS can be used to reduce the TTI to 5 ms. This is illustrated in figure 3. In order to avoid losing frequency diversity, the carriers should not be adjacent in frequency (in figure 3, they are depicted as adjacent only for simplicity). 
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Figure 3. Different mappings in frequency domain of four bursts onto a radio block.

The mapping of the four bursts to a radio block consists of:

iii) two consecutive TDMA frames and two non-adjacent frequencies (left figure)

iv) one TDMA frame and four non-adjacent frequencies (right figure)

Alternative (iii) reduces the TTI from 20 ms to 10 ms and alternative (iv) to 5 ms. 

Frequency hopping can be applied as in the single-carrier case by assigning the same hopping sequence but different offsets (MAIO:s) to the different carriers.

10.3.2
Modelling Assumptions and Requirements

The following EGPRS services have been simulated for the timeslot mapping option; MCS-1, MCS-4, MCS-5 and MCS-9. Each simulation point has been run with 10 000 radio blocks (40 000 bursts).

Simulated radio scenarios
· Sensitivity: TU50iFH

· Co-channel interference: TU3iFH and TU3noFH
Other simulator settings

· Blind detection of modulation was used
· RX impairments typical to a base transceiver station were used

· Uplink direction

· No antenna diversity 

· When multiple time-slots are used in a TDMA frame, they are adjacent in time

· When multiple frequencies are used, they are separated in frequency to give independent multi-path fading

10.3.3
Performance Characterization

The link level performance for case i, ii, iii and iv (as described in subclause 10.3.2) is summarised in Table 1 and Table 2 below. Reference performance with the regular radio block mapping is also shown. Detailed results can be found in Annex A. BLER means the total BLER, i.e. both header BLER and data BLER are considered. A ‘-‘ means the case has not been simulated.

Table 1.  Sensitivity performance, Es/No [dB] @ BLER=10-1

	
	TU50iFH

	
	Ref.
	i
	ii 
	iii
	iv

	MCS1
	5.4
	6.8
	8.5
	5.4
	5.4

	MCS4
	16.9
	16.1
	15.2
	16.9
	16.9

	MCS5
	13.2
	14.4
	16.7
	13.2
	13.2

	MCS9
	27.2
	25.8
	25.8
	27.2
	27.2


Table 2. Co-channel performance, C/Ic [dB] @ BLER=10-1
	
	TU3iFH
	TU3noFH

	
	Ref.
	i
	ii 
	iii
	iv
	Ref.
	i
	ii 
	iii
	iv

	MCS1
	6.6
	7.4
	8.7
	6.6
	6.6
	9.9
	-
	-
	-
	6.6

	MCS4
	17.7
	17.4
	16.7
	17.7
	17.7
	15.2
	-
	-
	-
	17.7

	MCS5
	11.6
	12.6
	14.4
	11.6
	11.6
	16.0
	-
	-
	-
	11.6

	MCS9
	26.3
	25.8
	25.7
	26.3
	26.3
	24.7
	-
	-
	-
	26.3


The following observations of the performance relative to the regular radio block mapping can be made:

· Radio block mapping in time-slot domain:

· With ideal frequency hopping, performance is degraded by up to 3.5 dB for MCS-1 and MCS-5 since they have strong channel coding and frequency diversity is reduced, whereas performance is improved by up to 1.7 dB for MCS-4 and MCS-9 since they have no channel coding.

· Radio block mapping in frequency domain:

· With ideal frequency hopping, performance is unchanged for all MCS:s since frequency diversity is maintained.

· Without frequency hopping, case iv has the same performance as with ideal frequency hopping since interleaving is done over four frequencies.

10.3.4 Impacts to the mobile station

10.3.5 Impacts to the BSS

10.3.6 Impacts to the Core Network

10.3.7
Impacts to the specifications

Annex A Detailed simulation results for reduced transmission time interval (clause 10.3)

This annex contains detailed simulation results for reduced transmission time interval. The following notation has been used in the legends:

Radio block format 1:

One timeslot in each of four consecutive TDMA frames (the regular radio block mapping)

Radio block format 2:

Two consecutive time-slots in each of two consecutive
TDMA frames (case i in clause 10.3)

Radio block format 3:

Four consecutive time-slots in one TDMA frame (case ii in clause 10.3)

Results for inter-carrier interleaving (case iii and iv in clause 10.3) with ideal frequency hopping are not included here since they are identical to results with radio block format 1. Results for inter-carrier interleaving without frequency hopping for case iv are not included since they are identical to results with radio block format 1 with ideal frequency hopping.
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	Figure A.1: Sensitivity performance for MCS-1 on TU50iFH.
	Figure A.2: Sensitivity performance for MCS-4 on TU50iFH.
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	Figure A.3: Sensitivity performance for MCS-5 on TU50iFH.
	Figure A.4: Sensitivity performance for MCS-9 on TU50iFH.
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	Figure A.5: Co-channel performance for MCS-1 on TU3iFH.
	Figure A.6: Co-channel performance for MCS-4 on TU3iFH.
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	Figure A.7: Co-channel performance for MCS-5 on TU3iFH.
	Figure A.8: Co-channel performance for MCS-9 on TU3iFH.
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