3GPP TSG GERAN#58

Tdoc GP-130510
Xiamen, P.R. China

Agenda item 7.2.5.3.1
13th – 17th rd November, 2012
Source: Telefon AB LM Ericsson, ST-Ericsson SA


3GPP TSG GERAN#56

Tdoc GP-120510

DLMC – Simulations of increased SNS and PDAN space
1 Introduction

At GERAN#55, a new Work Item [1] was agreed to evolve the Downlink Dual Carrier feature, part of the GERAN Evolution feature package, into a Downlink Multicarrier feature to enable support for more than two carriers on the DL. 

Downlink Multi Carrier, DLMC, with up to 16 Dl carriers [2] and a large number of timeslots assigned will increase the data rates beyond what can be achieved today with Downlink Dual Carrier, DLDC. 

This paper provides a set of initial simulations results to evaluate the impacts on the RLC layer performance originating from increased RLC PDU transmission rate.
Note that the simulation results should be considered preliminary, and further investigation is expected to be performed to the next GERAN meeting.
2 Background
The maximum sequence number space (SNS) used by the RLC protocol today is 2048. The window size (WS) is defined as half the SNS, resulting in a maximum WS of 1024. The same window size is used irrespective of the number of carriers assigned (today up to 2 with DLDC).

The bitmap for the reporting status of received / not received blocks at the terminal side in the Packed Downlink Ack Nack message (PDAN) is 134 bits assuming no channel quality is included in the control message, see[3].

Both the RLC SNS and the bitmap size in the PDAN message could become bottlenecks when increasing the DL data rates with DLMC.
3 Results
Simulation assumptions
The scenario used for the following evaluation is a single user, running FTP in downlink, with radio conditions giving a BLER of around 10 %. DAS-12 is used as fixed MCSs in downlink. UAS-9 is used as fixed modulations schemes for uplink.
The user is modeled by a TU3iFH propagation channel using multislot class 33 and BTTI as timeslot allocation scheme. The user is running RLC Acknowledge mode protocol and on top of that the TCP protocol, i.e. we are expecting acknowledgment sent from both this layers.
	Parameter
	Value
	Comment

	Timeslot allocation TS
	4 TS DL – 2 TS UL
	

	Number of DL carriers
	2, 4, 6, 8, 10, 12, 14, 16
	

	PDAN size when LQC report is included
	73  
	The size X of the bitmap when including LQC reports in the PDAN message. This value is one of the possible values when in DLMC mode and the PDAN is sent in response to a poll indicating LQC reporting is to be prioritized. See [3]

	Poll interval
	240ms, 120ms
	

	MCS (Data)

· DL

· UL
	DAS-12

UAS-9
	

	FANR
	Not used
	

	Pre-emptive re-transmissions
	Not used
	

	PDAN Ack/Nack report mode
	First Partial Bitmap
	The status report always start with the oldest non acked BSN


Table 1.  Simulation assumptions
134 bits are available in the legacy PDAN when no LQC report is present. As suggested in [3], the number of bits available for ACK/NACK reporting depends on the DLMC configuration. In these simulations though, we have assumed the same size for all LQC reports, disregarding the number of carriers, i.e. we have removed 61 bits from the bitmap whenever a LQC report is present.
Stalling duration in this document is measured as the time between when we first hit the limit of the RLC transmit window size and until the time when we can start transmit new data again. 

The size for PDAN payload space is assumed to be equal to the total payload size of the MCS, for example for UAS-9 a maximum bit map of (74*2*8) = 1184  bits is assumed. 
Simulation results

…with legacy RLC protocol

The max downlink throughput is the total number of radio blocks available on a PDCH. The throughput numbers in the simulations below are the amount of radio blocks used for transmitting data, compared to the total number of available radio blocks on the PDCH, i.e. some radio blocks are used for PACCH signaling and some radio blocks are not used due to stalling. 
	
	Carriers [nr]

	
	2
	4
	6
	8
	10
	12
	14
	16

	Throughput [kbps]
	666
	1021
	1127
	1165
	1144
	1125
	858
	1436

	% of max throughput [%]
	83
	63
	47
	36
	29
	23
	15
	22

	Stalling rate [%]
	0.5
	23
	43
	56
	65
	71
	81
	71


Table 2 Throughput, percentage of max rates and stalling using RLC transmit window size, 1024 (legacy) and a PDAN polling interval of 120ms.
…with extended SNS and bitmap size
Simulations above showed that the legacy SNS and the PDAN bitmap size is not enough when using DLMC i.e. for more downlink carriers than two. If one uses a MCS as DAS12 in downlink, three RLC blocks are sent in each radio block period. If we at the same time use 12 carriers and a timeslot allocation of four in the downlink and two in the uplink we transmit 144 RLC sequence number per transmission time interval, TTI. If the poll-to-received-status-report round trip time, PSRTT, at RLC layer is 120ms
 i.e. six TTI, we will transmit 864 sequence numbers in one PSRTT. Given that we receive a NACK we will retransmit that sequence number and at least one more PSRTT will pass before we receive the next PDAN with its block sequence number being ACK/NACK-ed. With legacy RLC window size we will almost use all of the possible outstanding sequence numbers in the first PSRTT and if we receive a NACK in the first bitmap we will start stalling already in the next PSRTT. Polling more often will therefore not mitigate stalling when we are limited to legacy RLC transmit window size and the bitmap size associated with modulation scheme CS-1. Polling more often will also use more of the UL resources which will stop the TCP Acks from getting through. This will in turn lead to that TCP will stop sending data to the RLC layer, and we will then be starved with no data to send when we managed to move the RLC transmit window forward and stopped stalling.
To handle the stalling introduced by DLMC we need to adjust the RLC transmit window size, or rather the SNS range, and the size of the bitmap depending on the number of carriers used. Of course, the values high enough for 16 carriers are also high enough for any other DLMC configuration lower than 16, but by letting this be configurable we can adjust to the radio condition and minimize the memory consumption in both the MS and the BSC and at the same time use the high enough MCS to get as good error protections as possible.

Only increasing the window size will only delay the problem since every NACK will increase the distance between the oldest not ACKed sequence number and the next number to be transmitted until we hit the limit and start stalling. Therefore, to mitigate the problem of stalling we also need to increase the size of the bitmap in the PDAN message by using higher order modulation than CS-1 based PDAN messages for control signaling in the uplink. This is needed to be able to ACK in a rate high enough to meet the rate of transmission using DLMC.
 The simulations are done with different values on the RLC transmit window size, each value is adapted to the number of downlink carriers. In the same way the simulations are done with different sizes of the bitmap space per PDAN message reflecting different modulation schemes used for control signaling in the uplink, where the selected modulation schemes are adapted to the number of DL carriers.
 The tables below shows the configurations used and the resulting throughput numbers and stalling rates.
	
	Configuration

	# Carriers
	WS: scaled

PDAN: scaled
	WS: scaled
PDAN: lowered
	WS: lowered

PDAN: scaled
	WS: lowered

PDAN: lowered

	2
	WS: 2048

MCS-3
	WS: 2048

MCS-1
	WS: 1024

MCS-3
	WS: 1024 

MCS-1

	4
	WS: 4096

MCS-4 
	WS: 4096

MCS-3
	WS: 2048 

MCS-4
	WS: 2048 

MCS-3

	6
	WS: 4096

MCS-5
	WS: 4096

MCS-4
	WS: 2048 

MCS-5
	WS: 2048 

MCS-4

	8
	WS: 4096

MCS-6
	WS: 4096

MCS-5
	WS: 2048 

MCS-6
	WS: 2048 

MCS-5

	10
	WS: 8192

UAS-7 (/MCS-71)
	WS: 8192

MCS-6
	WS: 4096 

UAS-7 (/MCS-71)
	WS: 4096 

MCS-6

	12
	WS: 8192

UAS-8 (/MCS-81)
	WS: 8192

MCS-7
	WS: 4096 

UAS-8 (/MCS-81)
	WS: 4096 

MCS-7

	14
	WS: 8192

UAS-9 (/MCS-91)
	WS: 8192

MCS-8
	WS: 4096 

UAS-9 (/MCS-91)
	WS: 4096 

MCS-8

	16
	WS: 16384

UAS-10
	WS: 16384

MCS-9
	WS: 8192 

UAS-10
	WS: 8192 

MCS-9

	NOTE1: Simulations run with UAS-X. For MS not supporting EGPRS2-A UL PDAN size is identical with MCS-X, although error performance will be degraded. 
NOTE2: Poll interval = 240 ms


Table 3. Configurations of WS and PDAN.
	
	Carriers [nr]

	
	2
	4
	6
	8
	10
	12
	14
	16

	1. WS: scaled, PDAN: scaled
	

	          Throughput [kbps]
	668
	1346
	1985
	2687
	3359
	4075
	4660
	5265

	          % of max throughput [%]
	84
	85
	84
	84
	84
	85
	83
	82

	          Stalling rate [%]
	0
	0
	0
	0
	0
	0
	0
	0

	2. WS: scaled, PDAN: lowered
	

	          Throughput [kbps]
	653
	1346
	1961
	2607
	3359
	4079
	4671
	5252

	          % of max throughput [%]
	84
	85
	82
	81
	84
	85
	83
	82

	          Stalling rate [%]
	2
	0
	1
	3
	1
	0
	0
	0

	3. WS: lowered, PDAN: scaled
	

	          Throughput [kbps]
	662
	1336
	1858
	2258
	3285
	3811
	4401
	5126

	          % of max throughput [%]
	84
	84
	78
	71
	82
	79
	79
	80

	          Stalling rate [%]
	1
	1
	7
	13
	2
	5
	6
	2

	4. WS: lowered, PDAN: lowered
	

	          Throughput [kbps]
	660
	1331
	1800
	2142
	3149
	3664
	3629
	5027

	          % of max throughput [%]
	83
	84
	75
	67
	79
	76
	65
	79

	          Stalling rate [%]
	1
	1
	10
	18
	16
	7
	20
	4

	5. WS: lowered, PDAN: lowered, Poll interval = 120 ms
	
	
	
	
	
	
	
	

	          Throughput [kbps]
	660
	1338
	1801
	2144
	3266
	3825
	4440
	5053

	          % of max throughput [%]
	83
	84
	75
	67
	82
	80
	79
	79

	          Stalling rate [%]
	1
	0.5
	10
	17
	6
	5
	5
	4


Table 4. Table with different PDAN values and RLC window sizes 
The simulations are showing maximum throughput rates around 85%. These numbers should be regarded as approximately maximum throughput since the simulated radio environment results in a BLER of 10-15%. On top of that we have the PACCH signaling and the unused resources at TCP slow start. 
4 Discussion
The simulations show a need for an extension of the RLC window to 16384 to completely avoid stalling. 

However some important aspects need to be considered:
· Only a single user scenario is considered. As soon as multiple users are multiplexed, less strain is put on the RLC design. It is for example not realistic to assume that a single user will be assigned and exclusively allocated the PDCH resources available for 16 full carriers for each radio block period.

· The maximum number of RLC blocks used per MCS is assumed to always be 3 for the simulations performed. This  high number of RLC blocks will put more strain on the RLC related functionality than a MCS with less RLC blocks used.

· An average BLER of around 10-15% is assumed. This is a realistic assumption but will provide a challenging situation for the compression algorithm used in the bitmap reporting.
· The use of 61 bits for measurement reports included in the PDAN message is based on CS-1 coded PDAN messages sent in response to a poll that prioritizes LQC reporting, see [3]. Polls can be sent that prioritize the transmission of Ack/Nack bitmaps and other coding schemes can be used to allow for greater sizes of bitmaps included within PDAN messages.
A single user dedicated on the resources in the 8 carrier case requires a WS of 4096. Considering what is mentioned above and considering that the complexity of the implementation should be kept to a minimum, see DLMC, RLC Extensions.doc, it is proposed to limit the WS to 4096 for DLMC. This implies a SNS of 8192.
5 Conclusions

Simulation results have been provided for the DLMC feature when assigning different number of carriers to a single user MS. It has been shown that an increase in both the SNS and that a larger bitmap is needed in support of DLMC configurations. Which MCS to apply on the UL for the control signaling, and how to choose the MCS, is left FFS.
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