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Dual Carrier EGPRS for GERAN evolution

1. Introduction

As a part of the further GSM/EDGE evolution [1] [2] , the dual carrier (DC) EGPRS aims at doubling the peak and average bit rates of the EGPRS downlink. The improved data rates are needed in order to ensure that the same services are available regardless of the underlying radio technology, GERAN or UTRAN.

The purpose of this contribution is to develop the basic understanding on the dual carrier concept. The concept is proposed to be included as a study item on the 3GPP GERAN Feasibility Study on GERAN Evolution [3].

2. GENERAL description

The dual carrier concept can be seen as an extension to the current EGPRS architecture. The most important new functionality is the ability to simultaneously receive two radio blocks on the downlink direction. In order to enable the reception of two parallel carriers, a dual carrier MS has two independently tuned receivers. 

The simultaneous transmission of two radio blocks is not allowed on the uplink direction. However, it would be advantageous if the MS was capable of altering between (two) allocated carriers according to the dynamic allocation (see Section 4.2.2). 

The dual carrier operation is demonstrated in Figure 1, which shows a dual carrier mobile (4+1) multiplexed with two legacy mobiles (2+1). Note the multiplexing of the dual carrier mobile on two uplink carriers.
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Figure 1 – Dual carrier multiplexing

NOTE: 
For the purpose of this document, the term ‘carrier’ refers to a radio frequency channel sequence characterized by the mobile allocation (MA), the hopping sequence number (HSN), and the mobile allocation index offset (MAIO). A non-hopping carrier is defined as having MAIO=0 and a MA containing only one radio channel.

3. PHysical Layer

3.1 Modulation, Multiplexing, and Radio Transmission

No changes are expected.

3.2 Channel Coding

The channel coding of dual carrier bearers is carried out with the existing modulation and coding schemes of EGPRS (MCS 1-9). It is left for further study whether the dual carrier operation should be allowed for the GPRS as well.

3.3 Multislot classes

No new multislot classes are needed for multicarrier. Instead, the MS indicates its dual carrier capability to the BSS.

3.4 Channel Quality Measurements 

The EGPRS mobiles are required to support the reporting of four different types of measurements: MEAN_BEP measurements, CV_BEP measurements, interference measurements ((CH), and slot-wise MEAN_BEP measurements (MEAN_BEP_TS). 

The MEAN_BEP and CV_BEP reporting can be carried out either in a carrier wise or combined manner. In the carrier wise scheme, the MEAN_BEP and CV_BEP figures are individually calculated for each carrier, while the combined scheme involves averaging of the MEAN_BEP and CV_BEP values over (two) carriers.

The main benefit of the carrier wise MEAN_BEP and CV_BEP reporting is that the potential imbalance between the carriers is taken into account. This is especially important for the network deployments, where the first carrier is placed on the BCCH layer and the second on the hopping layer. In such case, the averaging over two carriers would produce an erroneous result, because the fading statistics of a hopping and non-hopping carriers are different. The evident drawback of the carrier wise reporting is the increased message size (channel quality report), although this could be circumvented by exploiting the reporting scheme of Section 4.6.

The main benefit of the combined MEAN_BEP and CV_BEP reporting is that the size of the channel quality report remains unchanged. The obvious drawback is the degraded estimation accuracy, when at least one of the carriers is deployed on a non-hopping layer. This problem could be avoided by limiting the scope of dual carrier on the hopping layer, i.e. by using the same frequency parameters (except MAIO) on both carriers. Besides enabling a reliable measurement reporting, such strategy would also alleviate the assignment procedure.

Regardless of the reporting strategy for MEAN_BEP and CV_BEP, the interference and MEAN_BEP_TS measurements need to be reported per time slot. Again, the method of Section 4.6 could be exploited to avoid the increased message size.

4. RLC/MAC

4.1 Multiplexing with legacy MSs

The same principles apply for multiplexing on two carriers as on a single carrier. There is no radio resource segregation: dual-carrier data flows can be multiplexed with single carrier data flows on the same timeslots.

4.2 Multiplexing data on two carriers

4.2.1 Downlink – Simultaneous transmission over two carriers

The most straightforward way to allow for downlink transmission over two carriers is to allow a TBF to span over two carriers, like it would span over several timeslots. The same TFI can be used over both carriers (even a different TFI could be used per carrier, if deemed necessary). However RLC limitations (window size) may come into effect if the total amount of timeslots exceeds 8: this is looked at in Section 4.4.

4.2.2 Uplink – Time-divided transmission over two carriers

Uplink transmission is ruled by dynamic allocation i.e. through USF. RRBP is also used for reserving uplink radio blocks for transmission of RLC/MAC control blocks by the mobile station.

Receiving over two carriers brings about the transmission over two carriers (distinctively, as opposed to simultaneously). The following behaviour is proposed:

· Reception of an assigned USF on a given carrier grants uplink transmission on the same carrier.

· Reception of a valid RRBP on a given carrier grants uplink transmission on the same carrier.

· In case of conflict (abnormal case, from the network side) i.e. two uplink radio blocks reserved on two carriers it is proposed that:

· If one of the uplink radio block is reserved by means of RRBP for an RLC/MAC control message, the MS shall respond in that uplink radio block.

· If both uplink radio blocks are reserved by means of RRBP, the MS shall respond in one of them (e.g. randomly selected). The MS shall send the RLC/MAC control message according to the priorities defined in 3GPP TS 44.060.

· If both uplink radio blocks are reserved by means of USF, the MS shall respond in one of them (e.g. randomly selected).

4.3 Segmentation / reassembly

Reassembly in dual-carrier case is comparable to reassembly in multi-slot case; additional timeslots are monitored on a second carrier. Note that additional requirement is put on mobile station side given two carriers have to be monitored simultaneously: the MS has to monitor all allocated timeslots on both carriers. While timeslots on a carrier are separated in time, carriers are separated in frequency (hence timeslots (with same TN) on different carriers occur at the same time).

4.4 RLC Window Size

The RLC Window Size needs to cope with the maximum amount of outstanding RLC data blocks within RLC roundtrip time. Otherwise too small a window starts to limit the peak throughput. This amount is given as follows when two carriers, all timeslots (16) and two RLC data blocks per radio block (20ms) are used:
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Typical RLC roundtrip time is 160ms corresponding with BS_CV_MAX value of 6. RLC roundtrip time could however be significantly higher if Abis transport is arranged by geo-stationary satellite hop, yielding to about 640ms and a maximum RLC window of 1024 data blocks according to the equation above.

Thus the current maximum RLC Window Size for EGPRS (1024) is well adapted for dual carrier. For GPRS, the RLC Window Size is definitely too small (64). The usage of Dual Carrier could be restricted to EGPRS.

4.5 Incremental redundancy

In order to retain a full retransmission flexibility, the incremental redundancy (IR) between carriers should be supported. This feature would be mandatory for MS and optional for BSS.

4.6 Link adaptation

Link quality measurements are reported in acknowledgement message, upon request from the network. As described in Section 3.4, it would be beneficial to report the measurements separately for both carriers. In order to avoid reporting double the number of measurement data in a single EGPRS channel quality report, the following could be considered: 

Report measurements for only one carrier in the acknowledgement message (i.e. report measurements for the carrier on which the poll was received). Indication of the reported carrier is needed.

4.7 Signalling

The allocation of two carriers needs to be supported through signalling (assignment, reconfiguration of resources) between the network and the mobile station. This will increase the likelihood for segmentation of the corresponding RLC/MAC control messages. Note however that extended RLC/MAC control message segmentation was introduced in Rel-6 for messages that span over more than two radio blocks, and can be used in this case as well.

5. Higher Layers

The support of multicarrier by the mobile station need to be indicated with sufficient flexibility as part of the mobile station’s capabilities.

We believe the indication (broadcast) of the network support for dual carrier is not needed given no need has been identified for the MS to request a dual carrier transmission.

6. Modelling assumptions and requirements

There are no special requirements for the modelling of the dual carrier concept. The same principles as with EGPRS can be used.

7. performance characterization

7.1 Link Layer

Since there are no changes on the existing EGPRS coding schemes, the throughput (per time slot) of a certain MCS is not affected.

7.2 System level

The dual carrier is expected to double the average and peak throughput over the cell area. However, since the concept provides additional degrees of freedom on the channel allocation and link adaptation, the gain might be even larger.

In many cases, the dual carrier would be deployed in a network that already supports MS RX diversity. In order to reach the most optimal utilization of the network resources, adaptation between these two modes should be provided. The evaluation of this scenario is left for further study.

8. impact on the mobile station

8.1 RF 

It is assumed that the dual carrier terminals exploit an architecture, where the (two) receiver branches can be tuned to different frequencies (see Figure 2). 
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Figure 2 – RF architecture for dual carrier

8.2 Baseband

On baseband, the receiver is required to process two RLC/MAC blocks per time slot. This requirement may have an impact on meeting the timing requirements of baseband processing. 

The support for carrier wise incremental redundancy has a slight impact on the baseband design. In practice, it is required that the channel decoder of dual carrier mobile is able to store and retrieve soft decisions from a common pool of soft values. Also the memory requirement for the stored soft decisions is increased.

9. impact on the bss

The DL dual carrier expect to have no changes on EDGE Transceiver, but Packet Control Unit need to perform data transfer, resource allocation and link control for 2 carriers. 

Although being optional for BSS, the support for incremental redundancy within 2 carriers may need some considerations in a channel (carrier etc) allocation or BSS may limit the use of IR cases when applicable.

10. impact on the core network

No changes are expected, except for the definition of MS capabilities. 

11. impact on the specification

The impacted 3GPP specifications are listed in Table 1 below: 

Table 1 –Impacted 3GPP specifications
	Specification
	Description

	43.064
	 GPRS Stage 2

	45.001
	 Physical layer one radio path; general description

	45.002
	 Multiplexing and multiple access on the radio path

	45.008
	 Radio subsystem link control

	44.060
	 Radio Link Control / Medium Access Control (RLC/MAC) protocol

	44.018
	 Radio Resource Control (RRC) protocol

	24.008
	 Mobile radio interface Layer 3 specification


12. Discussion on some enhancement proposals

In [2], it is proposed that a generic multicarrier framework should be considered instead of dual carrier. Furthermore, it is is proposed that the inter carrier interleaving should be considered as a mean to improve the sensitivity or latency of a multicarrier bearer. This chapter provides some comments on these proposals.

12.1 Multicarrier

The generic multicarrier functionality would enable even higher data rates than the dual carrier. It can be assumed that the impact on the specifications would be somewhat larger, but still manageable.

The most serious drawback of the multicarrier functionality lies in its implementability. Since even one extra receiver branch considerably increases the complexity and cost of the evolved terminals, it is questionable whether there is a real need for supporting configurations above that.

12.2 Intercarrier interleaving with existing radio block period (20 ms)

The robustness of the dual carrier bearer could be improved by diagonally interleaving the RLC/MAC blocks over 2 carriers, thus yielding effectively to the interleaving periods of 8 or 4 blocks (depending on the MCS). The main benefit of this arrangement would be the increased frequency diversity, which is due to the uncorrelated fading between the carriers. However, the highest modulation and coding schemes (MCS 3-4 and MCS 7-9) would have negative performance impact due to longer interleaving, thus mitigating the overall gain.

As a minimum requirement, a new (intercarrier) interleaving scheme would be needed for each MCS. In order to multiplex the legacy and multi carrier mobiles on the same time slot, the USF and header parts of the RLC/MAC block could not be interleaved over two carriers.

Another drawback of this scheme would be the lack of the carrier wise link adaptation. The absence of the carrier wise link adaptation would be especially harmful in the case of a large imbalance between the carriers, which is expected to be quite a common scenario, as explained in Section 3.4.

12.3 Intercarrier interleaving with shorter radio block period (10 ms)

The latency of the dual carrier bearer could be improved by interleaving the RLC/MAC blocks over 2 carriers and 2 bursts. As a consequence, the TTI would be decreased from 20 ms to 10 ms. In addition to the improved latency, this scheme would also improve the frequency diversity. 

Unlike in the previous case, no new interleaving schemes would be needed. Instead, the interleaved blocks belonging to one RLC/MAC block would be mapped over 2 carriers and 2 bursts. However, the reduction of TTI means that a new packet data channel “PDTCH/F-10ms” would have to be introduced.

The most significant drawback of this scheme is that the multiplexing of the legacy mobiles on the same time slot would not be possible. Another impact would be the lack of the carrier wise link adaptation. 

13. conclusion

This contribution has considered the major topics related to the dual carrier concept, which is proposed to be included to the 3GPP GERAN Feasibility Study on GERAN Evolution.

It has been shown that the concept proposal is technically feasible and would likely provide the expected gains.
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