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1 Introduction

Multicarrier, and specifically Dual Carrier, transmission have been proposed as candidate techniques for GERAN Evolution. The use of Dual Carrier (and, possibly, ultimately multicarrier) in the uplink is an attractive candidate for increasing data rates on the uplink since legacy network equipment can be reused to a large extent and HW impacts on the infrastructure are avoided. 

The following text is proposed to be included in chapter 7 of the TR Feasibility Study on Future GERAN evolution [1]. It includes the concept and performance evaluations for Dual Carrier in the Uplink based on simulation results of link level performance. Numbering and structure are according to the draft TR [1].

2 References

[1] GP-052299, “3GPP TR 45.912 v0.2.0 Feasibility study for evolved GSM/EDGE Radio Access”, Output from GERAN#26, Schaumburg

3 Proposed text for TR

7.2.2  Dual Carrier in the Uplink

7.2.2.1
 Introduction

The Dual carrier and Multi-carrier transmission proposal has been included into the GERAN Evolution Feasibility Study. This technique is an elegant way to increase the data rate and at the same time ensure a high level of reutilization of legacy network equipment. Due to increased demand for higher data rates on the uplink, dual carrier transmission on the uplink is a suitable candidate for GERAN evolution. This section exclusively deals with Dual Carrier in the Uplink. However alternatives to enhance the data rates on the uplink when dual carrier is available only on the downlink are also depicted in section 7.2.2.3.
7.2.2.2 
Concept description for dual carrier on uplink
Dual Carrier in the Uplink shall be operated in such a way that it is compatible with legacy network operation. Multiplexing with existing GSM/EDGE bearers and a minimized BSS impact should therefore be ensured according to the objectives of the Feasibility Study [1].

It may be applied on non-hopping carriers as well as on hopping carriers. In case of configured frequency hopping, independent frequency hopping sequences are assumed to be present on both carriers. 

In order to ensure the highest grade of reutilization of legacy infrastructure a phased approach is proposed.

· In a first phase the dual carrier transmission on uplink should be done in a way that radio blocks are distributed among carriers with one radio block being mapped on a single carrier as today. This enables independent reception at the BTS side. Both data streams are combined at RLC level. Incremental redundancy is performed on a per carrier basis.

· In a second phase, enhancements such as intercarrier interleaving and addition of new coding schemes should be combined with Dual Carrier in the Uplink. 

7.2.2.2.1  Mobile Station Capabilities

The mobile station is required to include a second transmitter for Dual Carrier in the Uplink. It is also expected that a second transmit antenna at the mobile station might be necessary in order to avoid additional insertion loss. The impacts on the mobile station are described in section 7.2.2.6.1.
7.2.2.2.2 Intercarrier Interleaving

Diagonal intercarrier interleaving can be used to gain additional frequency diversity for dual carrier transmission on the uplink. This concept is likely not applicable as-it-is on the downlink because, downlink is a shared channel and old and new mobiles shall be multiplexed on the same shared channel on the downlink and hence, the header (and in particular the Uplink State Flag (USF)) can not be interleaved across the carriers because of interworking requirements with legacy mobiles. Hence to extend the concept to downlink it might be necessary to leave the header and the USF bits as-they-are now and perhaps interleave only the data across the carriers. 
On the uplink, diagonal interleaving across two carriers is used for this purpose. The header and the payload data are interleaved across the two carriers. The interleaving scheme used is based on existing block rectangular interleaving defined for MCS schemes with a different burst mapping to achieve the diagonal interleaving across two carriers on the uplink. The interleaved blocks are redistributed across the two carriers on the uplink as shown in Figure 1. 
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7.2.2.2.3   Advanced Coding Schemes
Advanced coding schemes like turbo coding [2] etc are known to perform better with longer input block lengths. Further link level gains are foreseen with dual carrier transmission on uplink with turbo coding. The idea is to compensate the loss in coverage due to reduced power transmission of the MS using additional link level gains.
Doubled block sizes can be used with dual carrier transmission on the uplink and this, when combined with the additional frequency diversity that can be obtained using intercarrier interleaving, is expected to compensate for the loss in power due to additional backoff at the MS.
7.2.2.3 
Alternative scheme for single carrier transmission on uplink and dual 
carrier transmission on downlink

Dual carrier on uplink may not be feasible for all mobile station architectures. However, even by just allowing multi-carrier reception in the downlink, it may be possible to increase the uplink data rates. For instance, the definition of higher multi-slot classes with effective sum=8 could be studied for the case of dual-carrier reception, as shown in Figure 2.


[image: image2]
Figure 2: Example of higher multislot classes with effective sum=8 using a second receiver for downlink reception.

If multi-carrier is not applied in the uplink, it would still be advantageous if the MS was capable of altering between the uplink carriers corresponding to the allocated downlink carriers according to the dynamic allocation (see Section 7.5.2.2 for detailed description). 

The multi-carrier operation is illustrated in Figure 3, which shows a dual-carrier mobile (4+1) multiplexed with two legacy mobiles (2+1). Note the multiplexing of the dual-carrier MS on two uplink carriers.

[image: image3.wmf]2

5

1

4

UL (f2)

UL (f1)

DL (f2)

DL (f1)

UL slot

A

C

B

A

A

A

A

A

C

C

A

A

B

B

A

A

B

A

A

A

4

3

0

7

6

5

4

3

2

1

0

7

6

5

7

6

3

2

1

0

7

6

5

4

3

2

1

0

DL slot

2

5

1

4

UL (f2)

UL (f1)

DL (f2)

DL (f1)

UL slot

A

C

B

A

A

A

A

A

C

C

A

A

B

B

A

A

B

A

A

A

4

3

0

7

6

5

4

3

2

1

0

7

6

5

7

6

3

2

1

0

7

6

5

4

3

2

1

0

DL slot

A

: Dual  Carrier MS 4+1 (=8+1)                

B

: Legacy MS 2+1 on frequency 1                       

C

: Legacy 2+1 MS on frequency 2


Figure 3: Dual carrier multiplexing

7.2.2.4 
Modelling assumptions and requirements
7.2.2.4.1  Used Simulation Parameters

Simulations are performed for TU50 channel model for receiver sensitivity case. Initial simulations show the performance comparison for MCS-5 and MCS-6 with and without intercarrier interleaving. Both ideal frequency hopping and no frequency hopping cases are simulated.
7.2.2.4.2  Impairments

Transmitter and receiver impairments have not been included in the currently presented set of simulation results. 
7.2.2.5  Performance characterization

7.2.2.5.1  Link level gains by intercarrier interleaving

The results presented here are only for the sensitivity limited scenarios as the sensitivity limited scenarios are of main concern when applying dual carrier on the uplink as there is a reduced power transmission on the uplink. 
It can be observed in Figure 4 for a non frequency hopping channel and in Figure 5 for a frequency hopping channel that gains of around 1dB (for 10% BLER) to 2dB (for 1% BLER) could be obtained by using intercarrier interleaving for uplink dual carrier. Intercarrier interleaving shows high link level gains for lower MCS. The gain will be reduced as the amount of coding reduces with higher MCS. However it is expected that when incremental redundancy is used, even higher MCS schemes will show some gains for subsequent retransmissions. 
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Figure 4: Receiver sensitivity simulation results for various MCS schemes for TU50 channel without Frequency Hopping
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Figure 5: Receiver sensitivity simulation results for various MCS schemes for TU50 channel with Frequency Hopping
7.2.2.5.2  Increase in Peak Data Rate

The performance gain in peak data rate can be up to 100 % for dual carrier. Specifically, in interference limited scenarios which are typical for high traffic densities, it is expected that dual carrier leads to a doubled average data rate on UL. In sensitivity limited scenarios the average data rate may be doubled for a large portion of cell locations. Depending on the mobile station capabilities, even at the cell boundary an increase of the average data rates can be achieved when compared to single carrier.  

7.2.2.5.3  Decrease of Latency
The main impact on latency would be the decrease in delays due to the higher bit rates that would be possible with dual carrier in the uplink.  However, a reduced TTI could also be implemented, bringing additional improvements for the latency of small amounts of data. By using dual carrier on uplink with inter carrier interleaving of the bursts to reduce the latency, air interface latency of 10 ms could be achieved

7.2.2.5.4  Impact on Cell Coverage
The cell coverage is dependent on the propagation conditions, the cell overlap and the required Eb/No for a particular service.

At cell edges when 8PSK can not be supported, the GMSK transmission can be used on two carriers with appropriate back off as pointed out in section 7.2.2.6.1 and thus data rates even at the cell edges can be improved when compared to single carrier transmission.  
7.2.2.6   Implementation impact

7.2.2.6.1 Impacts on the Mobile Station

For uplink transmission the dual carrier approach requires the implementation of one further transmitter in the MS. This will cause an increase both of thermal power and battery peak current consumption, if appropriate countermeasures are not followed. 

Due to the prerequisite of independent frequency hopping on both carriers a second transmitter will use a separate power amplifier and thus power consumption of both power amplifiers need to be considered. 
7.2.2.6.1.1  PA and battery considerations

Current PA technologies are not yet optimised for dual carrier transmission. A second state-of-the-artpower amplifier will double peak current consumption in the mobile. Even if a power amplifier is backed off by 3 dB, the power consumption is decreased by only about 25 %. Hence if two power amplifiers are operated with 3 dB back-off, a 50 % increase of peak current consumption will occur. However, talks to terminal manufacturers confirm that this drawback can be overcome in the near term if new developments are being looked at. Advanced power management technologies are required in this case. In particular, PA manufacturers are improving the PA efficiency at reduced output power. Hence reduction in peak current consumption can be expected. Moreover, as far as 8-PSK is concerned, peak current consumption is less critical than for GMSK with maximum output power. 

Without output power back-off, the peak output power in the worst case for 8-PSK transmission will be 27 dBm + 3.2 dB (peak-to-average ratio) = 30.2 dBm. The current under this condition is expected to be 75 % of the current at GMSK with 33 dBm. Hence, if both PAs happen to transmit simultaneously with peak power for 8-PSK, the peak current consumption is 50 % higher than in the single carrier GMSK case. 

By reducing the MS' Tx power by 1 dB (equivalent to the link budget of dual symbol rate), the peak current increase is expected to amount to only 40 %. Additional improvements on the receiver side as proposed above in the order of 1...2 dB will lower the peak current increase further to just 30 to 35 % as shown in Table 1. 

The concept is foreseen to use either two 8-PSK modulated carriers or one 8-PSK modulated carrier and one GMSK modulated carrier, the latter being backed off by 4 dB.

At cell edges when 8-PSK can not be supported, the GMSK transmission can be used on two carriers with appropriate back-off of 4 dB as shown in Table 1 below. 

	Parameter
	Dual Carrier (8-PSK)
	Dual Carrier (GMSK)

	Usual output power per carrier 
	+ 27 dBm
	+ 33 dBm

	Peak-to-average ratio
	+ 3.2 dB
	0 dB

	Power back-off
	0 dB
	- 4 dB

	Sum of output powers for dual carrier
	+ 33.2 dBm
	+ 32 dBm

	Estimated increase of peak current consumption in case of (additional) back-off, compensated by receiver gain
	
	

	   - without receiver gain
	50 %
	40 %

	   - with 1 dB receiver gain
	40 %
	35 %

	   - with 2 dB receiver gain
	35 %
	30 %

	   - with 3 dB receiver gain
	30 %
	25 %


Table 1: Approximate peak current rise for the MS with dual carrier on UL

It has to be noted that the peak current consumption issue is of less importance for other devices than small mobiles. A laptop computer with a double carrier data card will not experience the same relative increase of peak current consumption. 

7.2.2.6.1.2  Antenna considerations

For dual carrier transmission in the UL it is required to implement a second transmit antenna at the MS in order to isolate both transmitters and at the same time avoid an insertion loss due to a combiner. None of the antennas should be covered by the user's hand. This can be achieved e.g. by the combination of a conventional internal antenna with a conventional external (stub) antenna. Since Rx diversity is likely to be standardised as part of GERAN evolution and since the same antenna can be used for Rx and Tx, the second antenna is not believed to be an obstacle in normal sized handsets. For particularly small handsets which cannot be equipped with a second antenna, a fallback solution with reduced throughput based on dual carrier on downlink and single carrier on uplink is already proposed in Section 7.2.2.3. Currently advanced MS antenna designs are subject to research. For instance a dual polarized antenna design is investigated in [3]. Such a design allows both for Rx diversity as well for dual carrier transmission. 

Furthermore it is believed that the additional power consumption through the activation of the second transmitter can be minimised for good and average C/I situations expected anyway for data transfer where a reduced transmit power can be assumed.

In a second phase additional interference diversity due to intercarrier interleaving applied to dual carrier on the uplink and addition of new coding schemes will reduce further the increase of power consumption while keeping the current EGPRS transmission time interval of 20 ms.

It is believed that for mobile stations implementing Rx diversity and dual carrier in the downlink, the additional complexity to implement dual carrier also in the uplink is reasonably limited as a number of components in the RF chain could be reused. 

7.2.2.6.2  Impacts on the BSS

Dual Carrier in the UL enables maximum reuse of the existing BSS infrastructure, avoiding HW impacts both to the BTS and BSC. Some SW impacts are foreseen due to the need of combining the data streams over both carriers if intercarrier interleaving is used. Incremental redundancy if no intercarrier interleaving is applied will be dedicated to one carrier and hence operate as for the single carrier approach. If intercarrier interleaving is in operation, it is required that the soft decision values of the transmission and retransmission related to a particular RLC block can be exchanged between the transceivers. 

The complexity increase in the BTS is reduced to combining the data streams of both receivers. A doubled data rate must be supported by Abis as well. 

7.2.2.6.3  Impacts on the Core network

The impact on core network is negligible and only on SW. It mainly requires the addition of new signaling parameters in the MS classmark and MS RAC identifiers. No further changes to Gb interface are required. 

7.2.2.6.4  Impacts on the specification

Following specifications will be affected:

· 3GPP TS 24.008: “Mobile radio interface Layer 3 specification; Core network protocols; Stage 3”

· 3GPP TS 45.001: “Physical layer on the radio path; General description”

· 3GPP TS 45.002: “Multiplexing and multiple access on the radio path”

· 3GPP TS 45.003: “Channel coding”

· 3GPP TS 45.005: “Radio transmission and reception”.

· 3GPP TS 45.008: “Radio subsystem link control”.

· 3GPP TS 43.064: “Overall description of the GPRS Radio Interface; Stage 2”.

· 3GPP TS 44.060: “General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS) interface; Radio Link Control (RLC) / Medium Access Control (MAC) protocol”

7.2.2.7   Conclusions

The concept of Dual Carrier transmission in the UL has been evaluated and compared to single carrier transmission. It has been shown that the data rate in the uplink can be increased up to 100 % in compliance with the compatibility objective in the feasibility to 

“avoid impacts on existing BTS, BSC and CN hardware

- This will enable use of already existing hardware and only require a software upgrade.”
Usage of Dual Carrier transmission in the UL will require a second transmitter and a second transmit antenna at the mobile station side. One issue is the increased peak current consumption. It has been shown that this can be mitigated to a considerable extent when further improvements such as intercarrier interleaving and advanced coding schemes are applied in the uplink transmission, hence these techniques should be considered as optional enhancement candidates for the uplink. 
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