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Protocol level evaluation of piggy backed Ack/Nack reporting with BTTI
1 Introduction

A work item for Latency Reduction was agreed on at GERAN#30, see ‎[5]. The work item was divided into reduced TTI and improved Ack/Nack reporting. The latter part includes event based reporting of Ack/Nack information and the possibility to piggyback Ack/Nack information on radio blocks intended for data. 
Since there are possible high bit rate configurations or scenarios where a BTTI is the only possibility, this document evaluates the impact on an FTP-like application utilizing Basic TTI, Fast Ack/Nack reporting and Piggybacked Ack/Nacks.
As can be seen in ‎[1], there will be a reduced RLC block jitter and possible throughput gain in the Ack/Nack feedback channel by using PAN. However, in ‎[1] only RTTI was considered. In this contribution similar simulations have been conducted with BTTI.
2 Piggybacked Ack/Nack, PAN

For a detailed description of the piggybacked Ack/Nack, e.g. channel coding and PAN structure, see ‎[1] and ‎[4].
In short, the PAN is separately coded from the data, having a code rate making the PAN more robust than the data but less robust than the header. The PAN code rate used in the simulations has been R = 0.33.
Two sizes of the PAN have been considered where, in both cases, a choice of whether to segment the PAN or not could be made before piggybacking. The different PAN segments and sizes are shown in Table 1.

Table 1. Options of segments within a PAN.

	PAN length [bits]
	Bitmap length [bits]

	30
	18

	30
	4 and 4 (2 SSNs)

	50
	38

	50
	9 and 19 (2 SSNs)


2.1 Reporting Strategy
Two different reporting strategies of the PAN have been evaluated: First Partial Bitmap, FPB, and Event Based Bitmap, EBB. For a more thorough description of the reporting strategies, see ‎[2] (for FPB) and ‎[3] (for EBB).
3 Application

An FTP-like application utilizing BTTI has been considered. The FTP service is run in RLC acknowledged mode and consists of a large file transfer. No TCP model has been used.
3.1 Simulation assumption

The latency performance evaluations have been done using a protocol simulator that implements and models the full (E)GRPS protocol stack, up to and including LLC layer functionality. For a detailed description of the simulator functionality and settings, see ‎[1].
The user is allocated on 8 TS in the DL (Dual Carrier) and 1 TS in the UL.
Three different Ack/Nack reporting schemes have been evaluated:

1. Legacy
· Legacy polls are sent every 12th RLC block. End-of-data-polls / final block indicator / retransmission polls are used when the respective transmitter buffer is empty.

2. Event
· A piggybacked Ack/Nack is sent when an event is triggered, i.e. out-of-sequence detection or erroneous decoding of RLC-data block.

3. Event + Forced
· In addition to case 2 a PAN is also sent if a legacy report would be sent in the conditions given by case 1 above.
The simulations have been run with an FTP session in DL while an unacknowledged data service is constantly transmitting in UL (used to piggyback the Ack/Nacks on. 
NOTE: The transmit buffers are full during the whole simulations, i.e. all Ack/Nack reports can be piggybacked on the data.
The radio environments and MCS used is specified in Table 2. 
Table 2. Radio condition with and MCS for FTP simulations.

	C/I
	MCS

	15
	7

	20
	7


4 Results
4.1 Throughput in Ack/Nack feedback channel
To evaluate the capacity gain by using PANs, the UL data throughput has been measured comparing Legacy reporting and event based reporting.

In Table 3 the Ack/Nack feedback channel throughput is evaluated. 

Table 3. UL throughput [kbps] of an unacknowledged data service using MCS-7 on 1 TS. Ack/Nacks are transmitted with the data.

	Reporting Scheme
	30 bit PAN w/ seg.
	50 bit PAN w/ seg.

	
	C/I = 15 dB
	C/I = 20 dB
	C/I = 15 dB
	C/I = 20 dB

	Legacy
	14.1
	24.4
	14.1
	24.4

	Event
	18.7
	38.2
	11.7
	35.4

	Event+Forced
	17.7
	37.8
	7.4
	31.0

	Gain L->E [%]
	33
	57
	-17
	45

	Gain L->EF [%]
	26
	55
	-48
	27


It can be seen that the throughput in the Ack/Nack feedback channel is highly dependent on the radio condition and the size of the PAN. With a 50 bit PAN there is a throughput loss at C/I=15 dB when using event based reporting compared to legacy reporting. However, with a smaller PAN of 30 bits there is a gain at both C/I=15 dB and C/I=20 dB, between approximately 30-60 %.

One problem of having a small bandwidth on the reverse link of the data transfer, as with an 8+1 TS allocation, will be to  will be to enable enough bandwidth for TCP Ack/Nacks not to limit the DL throughput.. Also, a larger UL throughput would enable for low bandwidth data services like instant messaging, or not delay critical services, e.g. upload of MMS to work. In these simulations it has been shown that utilizing PANs can increase the UL throughput with up to 60 % if a PAN of 30 bits is used. 
4.2 Conclusions

By using FANR and PAN with BTTI it has been shown that similar, or even larger gains, in Ack/Nack feedback channel throughput can be seen compared to RTTI. For an 8+1 timeslot allocation, throughput gains of up 60 % in the Ack/Nack feedback channel have been seen in an FTP scenario. The gain in throughput could e.g. enable a faster TCP download in DL since it would increase the bandwidth for TCP Ack/Nacks. But, it would also enable simultaneous data services on DL and UL, such as instant messaging service in UL while downloading music in DL, or for services without delay requirements, e.g. MMS upload.

It is Ericsson’s view that allowing PAN for BTTI will enable an increased performance in both the data link and the Ack/Nack control channel. Also, mobiles supporting RTTI, most probably, also will support BTTI. Thus, putting the restriction of only allowing PAN for RTTI would increase complexity of the RLC implementation in both BSC and MS, since exception would be needed for TBFs in RTTI mode. 
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