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1 Introduction
With increased use of smart phones and the introduction of mobile broadband, supported by HSPA and LTE, the need for high data rate and seamless end-user experience between RATs are becoming more apparent in cellular systems. To cater to this demand the cellular systems are continuously evolving. The GSM system has evolved from GSM to GPRS to EDGE to the feature package GERAN evolution, specified in Rel-7. 

This document focuses on the evolution of the Downlink Dual Carrier feature, part of the GERAN Evolution feature package, to enable support for more than two carriers on the DL, while at the same time reducing terminal cost.

In ‎[8] it is proposed to start a WI for Rel-12 to introduce a Multi carrier feature in the GERAN specifications. The WI focuses on layer 2 aspects of DL multi-carrier transmission but also includes relaxation of MS RF requirements, especially in-band blocking.

The document is an update of [10] presented at GERAN#54. Major updates are highlighted in red.
Further, some more analysis on the bandwidth limitation mentioned in Section 4 and the receiver blocking requirements, mentioned in Section 6 can be found in [12] and [13] respectively.
2 Background review

A number of improvements, collectively known as GERAN Evolution, to further enhance the service performance of EDGE have been included in Release 7 of the 3GPP standard. 

These include:

· Latency reduction (LATRED)
· Downlink Dual Carrier
· Higher-order modulation, turbo codes and increased symbol rate
· Mobile Station Receive Diversity (MSRD)
With these features, peak bit-rates of up to 1 Mbit/s and latency below 100 ms can be expected. 
The following implications with regards to the implementation aspects of the Rel-7 Downlink Dual Carrier feature in the MS are to be noted: 

· The dual carrier capable MS should have two RF front end blocks to support simultaneously reception of two carrier frequencies. This might require hardware change in MS to support this feature and that makes the MS bulky and expensive, which so far has prevented the feature from getting widely deployed.

· Due to the limitation of having separate RF front ends for each carrier supported the current specification is limited to two simultaneous carriers. But, peak user throughput would naturally scale with the number of carriers, if more than two are used.
· The features Dual carrier and mobile station receive diversity both require dual RF front ends at the MS, and is unlikely to be used simultaneously by a MS supporting both features, which would in effect require four RF front ends. This is also reflected in the current specifications, see ‎[9], where it is for example stated that “The reference sensitivity performance specified above for Downlink Advanced Receiver Performance – phase II need not be met by an MS when it is in a Downlink Dual Carrier configuration (see 3GPP TS 43.064)”
During the feasibility study of GERAN Evolution the possibility to use a wideband receiver to receive multiple GSM carriers were also discussed, ‎[1] and ‎[2], but was never included in the specifications.

3 MS Architecture

Today, it is common that the MS available on the market, or under development, have multi-RAT capabilities, supporting WCDMA and/or LTE, apart from GSM. In these MSs, receiver front-end component and ADC are designed based on wideband architecture. 
In the MS receiver, homodyne (zero-IF) architecture is typically implemented in dual mode / tri mode terminals. Figure 1 shows a simplified homodyne receiver where the reception of different RATs is done with the use of different carrier selection filters. The two implementations shown use either an adaptive carrier selection filter, or an implementation with a bank of filters (with supported bandwidths from WCDMA and LTE). The set of BWs used are taken from the LTE specifications.

The signal is first filtered in a wide band Rx-filter before it is fed to the LNA. A mixer typically converts the incoming signal to baseband (homodyne / zero-IF), or a low intermediate frequency (low-IF), before it is filtered and sampled by an ADC, and passed to the baseband processing unit. 
In a Multi-RAT capable MS receiver, it is expected that the RF chain, and ADC is designed with wideband capability so that several GSM/EDGE carriers can be accommodated within the receiver bandwidth. After the ADC, these signals can be separated by narrow band channel filters before equalization. Thus, it is basically the Instantaneous Bandwidth, IBW, of the receiver and the baseband processing power that puts constraints on the number of GSM/EDGE carriers that can be received. 

It can be noted that:

· The risk of receiving unwanted interfering signals will increase when the carrier selection filter is no longer matched only to the received carrier.
· For terminals supporting dual RF front ends (for example dual mode GSM/LTE) the use of a wide band receiver will not only allow for an increased number of GSM carriers to be received but also the use of multiple carriers and mobile station receive diversity simultaneously. The support of Rx diversity is however not a requirement for a terminal supporting the MCDL feature.

[image: image1]
Figure 1. Simplified homodyne MS architecture
4 Bandwidth limitations

Using a wideband receiver will limit the spectrum covered at a certain point in time to the IBW of the receiver. Further, with the frequency hopping used in GSM/EDGE, the IBW of the MS needs to be tuned on a TDMA frame basis, not to restrict the allowed frequency channels to a fixed filter tuning. Thus, it will be the carrier frequency span per TDMA frame basis that limits the number of carriers that can be simultaneously received.

Due to frequency hopping, the inter-carrier frequency separation and thus the maximum frequency separation of carriers may differ on a TDMA frame basis. Since a radio block is transmitted over four burst in consecutive TDMA frames, there is a risk that one or more bursts are lost in one or more carriers during a radio block period. 

A lost burst will, for a significant number of MCSs defined for EGPRS and EGPRS2, result in a lost radio block. 

In order for the MCDL feature not to have impact on network planning, there is a need for the network and the MS to be aligned regarding which carriers shall be received during a certain radio block period given a certain configuration of carriers. 
In Figure 2 an example is shown where three carriers are allocated to a MS during two radio block periods (RB1 and RB2) using three consecutive MAIO values. For the third burst in the first radio block period (RB1) there is a wrap around of one of the carriers in the MA, resulting in the MS receiver not being able to receive all carriers in the IBW. Thus, one burst in the radio block period will be lost for one of the carriers (carrier 3, red). In the second radio block period, bursts from all carriers can be received within the MS receive bandwidth.
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Figure 2. Bandwidth limitations, 3 MS carriers scheduling.
The most straightforward way is for the BTS not to transmit a specific carrier, if one or more bursts cannot be received during a radio block period. 

Figure 3 shows the example in Figure 2 where only carriers that fall inside the IBW of the wideband MS (MS1) are being scheduled. I.e. a common understanding between the MS and BSS is assumed in what carriers to receive in each TDMA frame. Further, in the example the MS receive bandwidth is assumed to envelope all carriers with the minimum bandwidth possible (assuming the MS bandwidth can adaptively change on a TDMA frame basis, see Figure 1). It should be noted that this is not a necessity of the feature, but will ensure a higher level of protection from uncoordinated interference. If it is assumed that several users are multiplexed on the radio resources the figure shows that a second MS (MS2) can be scheduled when the wideband MS cannot receive one of the carriers.

[image: image3]
Figure 3. Bandwidth limitation, 2/3 MS1 carrier scheduling.
Some further consideration on the bandwidth limitations by the MCDL feature and its impact in three different network deployments have been investigated in [12]. 
5 RF requirements

Since the feature is only intended to extend the number of carriers in the DL, it is only the MS receive requirements that might be impacted by the feature. The feature will be transparent to the BTS requirements.

It is assumed that the feature shall minimize any impact to current multi-RAT HW implementations. Thus, relaxations are to be expected for some RF related requirements.
The following MS receiver radio requirements are potentially impacted by the feature: Blocking, AM suppression, Intermodulation and NER.
5.1 Relation to MCBTS specification

Requirements for Multi-Carrier BTS technology have been specified in 3GPP GERAN Rel-8 in the MCBTS WI, see [11]. Part of the scope was to set new requirements for the multi-carrier receiver and adopt new testing procedures for multi-carrier equipment. It is the view of the sourcing companies that there are synergy effects with the work that can be applied for the work on the MS wideband receiver also. There are however significant differences in the scope that should be highlighted:
· MCBTS included both modifications to transmitter and receiver requirements. The MCDL feature only aims at receiver requirements.
· Since harmful interference could potentially degrade network performance, the relaxations of the transmitter requirements are more controversial, and were for MCBTS subject to most discussions. The MCDL feature will not have any impact on the transmitter, and thus only Rx requirements will be impacted.
· The relaxations for MCBTS will be valid in all operations of the BTS. I.e. also legacy speech operation will be subject to potential impact by the relaxed requirements. Thus, careful evaluation was needed to assert minimal impact on network operation. For MCDL the relaxed requirements will only be applicable in multi-carrier operation. I.e. in legacy speech operation, the current requirements are still to be fulfilled.
· The impact on network performance is much more detrimental if for example a BTS is blocked compared to an MS. A multi-carrier BTS receiver being blocked will have impact on all ongoing connections. Since MCDL is only proposed for the DL, there will only be impact to the connection of a specific MS, if the receiver is being blocked.
5.2 Receiver blocking

When a wideband receiver is used there will be increased risk of getting a strong interferer inside the instantaneous bandwidth, and, since a wider receive filter is used, the filter attenuation at frequency offsets below and above the band edge will be reduced compared to current narrow band GSM implementations (assuming similar filter order is used).

5.2.1 Collected RXLEV data

In order to determine how often currently specified blocking levels occur in current networks both simulations and statistics from current network operation has been collected.
The live data collected is RXLEV on the DL from the BCCH carrier to estimate the signal strength into the receiver from uncoordinated interference. In the plot the current in-band MS blocking requirement ( 3 MHz, -23 dBm (black, solid, vertical line) is also shown. All plots are using bins of 1 dB and are truncated at RXLEV=63 (=-47 dBm).
It can be seen that there is at most 5 % of the RXLEV samples from the hot spot in NW1 that are above -47 dBm, while for NW2 no samples are above -47 dBm. As can be expected, there are in general higher signal levels seen in the hot spot areas of both BSCs.

The current in-band blocking requirement for the MS (-23 dBm) is significantly higher than the signal levels recorded in the network. It is reasonable to assume some dBs in multiple-interferer-margin is needed, but still, it can be expected that the uncoordinated interferer levels seen in neighboring networks are generally significantly lower than the currently specified blocking requirement.
Further, it can be noted that an initial estimation of blocking level requirement inside the IBW of the MS has been provided in [13] to be [-50] dBm. It should be noted that the receiver is as most sensitive in this region (no attenuation from the carrier filter), and that the probability of uncoordinated interferer (blocking signals) is low, see [13] for more detail on blocking level, and Figure 6 for depiction on the occurrence of uncoordinated interference.
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Figure 4. Simulated and collected statistics on RXLEV DL on the BCCH carrier.

5.2.2 Receiver dynamics
The blocking requirement is specified at reference sensitivity (ref sens) + 3 dB where the receiver is set at maximum gain. No consideration has been taken to the necessary momentary receiver dynamics. I.e. it is not reasonable to assume that a wanted signal is always close to ref sens+3dB when receiving strong blocking signals.
To get a rough estimation on the relationship between a blocking signal and a wanted signal, the RXLEV distribution from NW2 has been used. 
It has been assumed that:

i) Two neighboring operators have similar cell deployments (=same BCCH RXLEV distribution) in the same geographical area

ii) Site positions are uncorrelated between the operators.

iii) PS channels are allocated on the BCCH resources, alternatively that no PS DL power control is used on non-BCCH carriers.
The figure below shows the probability that a blocking signal is X dB above the wanted signal. It can be seen that the difference is rarely above 40 dB.
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Figure 5. Signal dynamics between wanted signal and uncoordinated blocking signal.

5.2.3 Frequency separation

It can be assumed that the receiver’s rejection of an uncoordinated blocking signal will depend on several factors, for example the allocated frequency, the frequency list in the MA, the filter and bandwidth used by the MS, the operator spectrum allocation and the spectrum allocation of neighboring operators.
In the current GERAN specifications the in-band blocking is defined as a requirement that depend on the frequency offset between the wanted signal and the blocker. However, for frequency offsets > 3 MHz the blocker level is kept constant, see example in Table 1.
Table 1. Blocking levels for small MS (low band), from [9].
	Frequency offset
	Blocking signal for small MS

	600 kHz
( |f‑fo | < 800 kHz
	-43 dBm

	800 kHz
( |f‑fo | < 1,6 MHz
	-43 dBm

	1,6 MHz
( |f‑fo | < 3 MHz
	-33 dBm

	3 MHz ( |f‑fo |
	-23 dBm

	NOTE:   
fo – Frequency of the wanted signal
f  – Frequency of the interfering blocker


The same approach has been taken throughout the specification, and thus also applies to MCBTS. However, a wideband receiver both at the base station and mobile station side will be most susceptible to blocking when a blocker falls within the IBW. It can thus be considered to modify the blocking requirements for wideband MS reception to have a dependence on the signaled IBW of the MS to ensure maximum blocker protection.
Figure 6 shows an example of this approach where also the current in-band blocking requirement at a fixed level (for |f-fo|>3MHz), irrespective of allocation, is shown as reference. The wideband MS is allocated in Operator A’s network and can thus experience uncoordinated interference outside of Operator A’s spectrum allocation. It can however be seen that the blocker rejection will already in the region of uncoordinated interference be higher than in the MS IBW due to suppression from the carrier selection filter. In the out-of-band region the Rx-filter is expected to contribute with significant blocker suppression, as in current designs.
Note that the blocker rejection levels and its frequency dependence (red line) are depicted just to get a rough understanding of the aspects of frequency separation, and that the absolute blocker rejection levels are to a large extent up to the RF design.


[image: image6]
Figure 6. Frequency dependent blocker rejection 

5.2.4 Inband blocking
The current in-band blocking requirements are defined at frequency offsets ( 600 kHz from the wanted signal, and involve testing the receiver in the presence of a strong interferer. The in-band blocking requirement in the GERAN specification is defined over the relevant Rx band (for example the 900 MHz band), including a margin of X MHz above and Y MHz below the defined relevant band. The margin is different depending on the band and has restrictions due to for example the duplex gap. The current requirement primarily test the LO sidebands.

When extending the current GSM receiver to wideband reception it is reasonable to assume that the total received signal will be fed to the baseband unit where channel filtering is performed. The receiver will become more sensitive to strong blocking signals that no longer are filtered out by the analogue channel selection filter in the RF front-end. Thus, relaxations to the current in-band blocking requirement are needed.
An initial proposal to assist the discussion on in-band blocking requirements can be seen in [13].

UTRA Narrow band blocking for example is specified for performance 10 dB above reference sensitivity, in order to show that the receiver offers graceful sensitivity degradation when subject to high interferer levels within channel filter bandwidth. GERAN could consider similar requirements for this feature.
5.2.5 Out-of-band blocking

The current out-of band blocking requirement is specified at 0 dBm and primarily puts requirement on the Rx band filter. There could however also be some impact due to the reduced selectivity of the channel filter. It should be considered to align the out-of-band blocking requirement to what is specified for UTRA and E-UTRA, i.e. -15 dBm. This approach has recently also been taken for the work on multi-carrier reception for the BTS.
5.3 AM suppression

In the AM suppression requirement the receiver is exposed to a strong pulsed modulated in-band interferer at a fixed frequency offset. The requirement is related to the blocking requirement but will put more stress to AGC-functionality and IM2 performance. 

As for in-band blocking, the limited level of channel filter selectivity will have impact on the signal envelope fed to the base band unit. Thus, also AM suppression requirements might need to be revisited.
5.4 Intermodulation

Intermodulation characteristics are targeting the linearity of the receiver chain, which is typically dominated by the front end low noise amplifier, LNA. The impact on this requirement by the use of a wider channel selection filter is expected to be small. However, some consideration on how to define the requirement in multicarrier reception might be needed.
5.5 NER
The requirement on Nominal Error Rates is a measure to ensure equalizer performance at the expected dynamic range of the receiver. With multiple carriers (N) received the maximum signal envelope is expected to increase with 10*log10(N). It should however be considered whether or not this requirement needs to be revisited, or if the current levels (-15/-23 dBm) can already handle a reasonable number of carriers.
6 Specification impact

The following sections outline the impact on the GERAN specification by the introduction of this feature. It is assumed that the stage 2 principles of Downlink Dual Carrier (WI: GDLDC) as specified in ‎[3] should be kept also for the Downlink Multi Carrier. 
These are:

· In a downlink multi carrier configuration, one or more PDCHs are assigned to a single MS on each of the different radio frequency channels on either the uplink or downlink, or both.
· On the downlink, radio blocks may be allocated on all radio frequency channels of the multi-carrier assignment in any radio block period. On the uplink, radio blocks shall be allocated on a single radio frequency channel of the multi-carrier assignment in any given radio block period.
· A downlink multi carrier configuration shall support multislot configurations either for packet switched connections or dual transfer mode. For a Dual Transfer Mode capable MS which supports Downlink Multi Carrier, support of Downlink Multi Carrier configurations for Dual Transfer Mode is optional (i.e. such an MS may support only a single downlink carrier when operating in DTM).

The specification of the GDCDL provides a sufficient and good framework for the introduction of the support for Downlink Multi Carrier.

Impacts are anticipated in the RR protocol covered by the specification ‎[5]. Furthermore, there will be impacts to the RLC/MAC control messages in ‎[6]  where extensions to the existing messages will be needed and if such are not feasible or not preferable new messages might be required.

The modifications must accommodate for:

· signaling of the maximum MS receiver bandwidth, and maximum number of carriers that can be used for a given TDMA frame.
· means for alignment between the network and the MS regarding the set of frequencies covered in every given TDMA frame when frequency hopping is used 

Moreover, there will be need to modify the link quality reporting which is to be accommodated in ‎[5] as well as in [6].

It is also anticipated that the specification of the multi slot class dependency on the number of the supported carriers will be specified in [7].
Since the in-band blocking requirement, as a minimum, needs to be relaxed with the introduction of the feature, see Section 5, there is a potential performance degradation of the radio link when subject to blocking. It is the view of the sourcing companies that such degradation is not acceptable for speech channels, and that the current speech performance shall be kept intact. Further consideration is thus needed on whether or not DTM can be supported together with the feature.
7 Discussion and Conclusions

The paper outlines an evolution of the Dual Carrier Downlink feature already specified in the GERAN specification, to multi-carrier MS reception. The reception of multiple carriers is enabled by the use of wideband technology, already available in dual/tri mode terminals. 
The use of wideband technology is believed to lower the implementation cost to support reception of multiple GSM carrier and for terminals supporting dual RF front ends, the feature will allow receive diversity and multiple carriers to be simultaneously received.

It is proposed to start a Work Item for Rel-12, see ‎[8], to specify the multi-carrier DL feature by re-using as much as possible of the principles of the already specified downlink dual carrier. Furthermore, relaxations to MS RF Rx requirements, especially in-band blocking, are needed.
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