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Downlink Multi-Carrier: Consideration on in-band blocking requirements
1 Introduction
The Multi-carrier Downlink, MCDL, feature was presented and discussed at GERAN#54, see [1]. In short, the feature enables the allocation of multiple carriers ((2) to a MS in the downlink, while not putting additional requirements on the MS HW to support the feature, in contrast to the Downlink Dual Carrier feature.
To support the MCDL feature, a wideband MS receiver that envelopes multiple carriers is assumed. This will make the MS more sensitive to strong uncoordinated blocking signals, and thus current blocking requirements need to be relaxed. 

It can be noted that the level of detail provided in this paper can be seen as too detailed, considering the stage of the work on MCDL. However, based on comments received during, and after GERAN#54 on the MCDL concept, it is the view of the sourcing companies that the discussion in this paper will assist companies in determining acceptable blocking levels for the feature.
2 Principles
The following principles have been followed:
· It is assumed that the MS need to comply with the current in-band blocking performance when in single carrier mode. Thus, the relaxed blocking requirements are only applicable to multi-carrier assignments.

· Since it is assumed that a Multi-carrier MS is a multi mode capable terminal, synergies in requirements with [2] and [3] have tried to be found to the largest extent possible.

· Principles from current blocking requirements in GSM, including MCBTS, have been re-used.
3 Review of in-band blocking for GSM

The blocking requirements in GSM are defined for static propagation channel at reference sensitivity using 3dB desensitization. The in-band blocker is a CW tone where the blocking level is set by the frequency offset to the wanted signal, according to Table 1.

Table 1. In-band blocking levels for MS, see [4]
	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 – Centre frequency of the wanted signal
f  – Centre frequency of the interfering blocker


As can be seen, the blocker is at least 600 kHz offset to the wanted signal, and the maximum level of protection for the in-band blocker is assumed at frequency offsets (3 MHz, where a ‑23 dBm level is defined. The minimum offset of 600 kHz has also been used for the MCBTS specification.
MCDL Assumption 1: Use a minimum separation between the blocking and wanted signal of 600 kHz in the blocking requirement.
The specification also contains exceptions to the above mentioned requirements that are called spurious response frequencies. It is assumed that the same number of exceptions will apply per wanted signal frequency. This approach was also taken for the MCBTS specification at reception of more than one wanted signal.

MCDL Assumption 2: If more than one wanted signal frequency is considered, the maximum number of allowed occurrences for the spurious response frequencies applies separately to each wanted signal frequency.
If looking at the MCBTS blocking specification the desensitization is dependent on the blocking level to ensure that the receiver does not go into compression at high blocking levels, and several levels of desensitization is defined for the same offset between the wanted signal and the blocker. A desensitization of up to 12 dB is allowed for blocking levels > 20 dBm (at |f-fo|>800 kHz). 
MCDL Assumption 3: Use two different levels of desensitization from reference sensitivity to ensure wideband receiver operation at higher blocking levels.

4 Review of in-band blocking from UTRA and E-UTRA 
The UTRA and E-UTRA blocking specification is shortly summarized in this section. For both technologies there are two different types of in-band blocking requirements: wideband blocker, and narrowband blocker. In addition, adjacent channel selectivity is defined for the first adjacent channel.
As for single carrier GSM, the in-band blocking level is increased with larger frequency separation between the wanted signal and the blocker.

MCDL Assumption 4: Define blocking levels, with a dependency of the frequency separation between the wanted channel and the blocker, at frequencies outside the channel selection filter of the MS.
4.1 UTRA

4.1.1 Adjacent Channel Selectivity (ACS)

The adjacent channel selectivity is measured at reference sensitivity + 14 dB and +41 dB for interferer power -52 dBm and -25 dBm respectively, where the interferer is placed on the first adjacent channel to the wanted signal.

4.1.2 Wideband blocking
The blocking requirements are defined at 3 dB desensitization with two blocking requirements, -56 dBm (|f-fo|=10 MHz) and -44 dBm (|f-fo| ( 15 MHz) depending on the frequency offset between the wanted signal and the modulated blocker. The definitions of f and fo are reused from Table 1.
For DC-HSDPA and 4C-HSDPA the same frequency offset apply but from the center frequency of the lower and higher carrier frequency respectively, see Figure 1.

4.1.3 Narrow band blocking

The narrow band blocking is defined at frequency offset of 2.7/2.8 MHz from the wanted signal centre frequency using a blocker level of -57 dBm/-58 dBm, depending on frequency band. The narrow band blocker is a GSM carrier modulated with GMSK, according to [5] and the requirement is defined at 10 dB desensitization.
Also for the DC-HSDPA/4C-HSDPA, the same frequency offset is kept, between the centre frequency of the lowest and highest wanted carrier and the centre frequency of the blocking signals, below and above the carriers allocation respectively. 
MCDL Assumption 5: Keep the blocking levels and frequency offsets between wanted signal and blocker constant in relation to the upper/lower band edge of the MS supported IBW.

[image: image1]
Figure 1. Three in-band blocking and ACS requirements from [2] for single carrier (top) and dual carrier (/cell) (bottom) allocations. Only one-sided blocking, at offsets above allocated wanted signals is shown.
4.2 E-UTRA, FDD
In E-UTRA the MS is required to support a set of pre-defined BWs, including the maximum defined bandwidth of 20 MHz. A similar principle should apply to MCDL, to ensure that the MS can receive with a lower BW, when possible. This will serve as additional protection from uncoordinated blocking signals. How these requirements should be formulated is left out of the scope of this paper.

MCDL Assumption 6: The blocking specification will be defined at different channel bandwidths to improve protection of the terminal from blocking signals.
4.2.1 Adjacent Channel Selectivity (ACS)

The specification for ACS is similar to UTRA with a desensitization of 14 dB for an adjacent interferer 39.5-45.5 dB (depending on channel bandwidth) above reference sensitivity, while a fixed wanted signal level is used, between -50.5 ‒ -56.5 (depending on channel bandwidth) for the interferer level at -25 dBm.
4.2.2 Wideband blocking

A similar blocking specification has been defined as for UTRA. Especially for bandwidths (5 MHz where the same bandwidth of the blocker (5 MHz), the same offset to the wanted signal, and the same blocking levels are used as in UTRA. Desensitization is 6-9 dB depending on channel bandwidth. An additional 3 dB, compared to the UTRA requirements is added since requirements are specified for MIMO transmission.
4.2.3 Narrow band blocking

The narrowband blocking for E-UTRA is similar to the one specified for UTRA (blocking level -55 dBm) with the difference that the blocker is a CW tone. Otherwise the requirement is defined at similar frequency offsets with a desensitization of 13-22 dB depending on the BW of the channel bandwidth. The differentiated desensitization allows for a constant selectivity of the MS to be tested at channel bandwidths < 15 MHz. 
5 Proposal
Based on the above review of blocking requirements, keeping in mind that the chipset considered for the MCDL feature are dual/multi-mode implementations, and that the MS is protected by the current single carrier requirements when not in Multi-carrier mode, the following is proposed:

1. A minimum separation of 600 kHz is used between the wanted signal and the blocking signal

2. A CW tone is generated as the blocking signal inside the IBW of the receiver. 

3. The blocking level inside the IBW is kept at a fixed level, considering that there will be no suppression from the channel selection filter.

4. Two levels of desensitization are defined. One at 3 dB, and one higher level left FFS.
5. Outside the IBW, principles of the wideband UTRA requirements are re-used using the same reference blocking signals and a channel bandwidth of 5 MHz. This approach will utilize synergies in design from UTRA, can be supported by current test equipment, and reduce testing time considerably. Also, the mix of signals from different RATs in the requirements is reasonable from an MSR point of view, also considering that the feature relies on dual/tri mode terminals. It can thus be expected that the different RATs co-exist in the markets where the feature is deployed. 
6. The blocking signal and the frequency offset between the wanted signal and the blocker is kept constant in relation to the lower/upper band edge of signaled IBW.

7. If more than one wanted signal frequency is considered, the maximum number of allowed occurrences for the spurious response frequencies applies separately to each wanted signal frequency.
The proposal is depicted in Figure 2.


[image: image2]
Figure 2. Proposal of in-band blocking for MCDL. Only one-sided blocking is shown.
It can be noted that:

· The narrow band blocking test is not re-used from UTRA/E-UTRA. It is assumed that the narrow band blocker requirement is sufficiently covered by the added region of CW tone blocking inside the IBW (a corresponding requirement is not present in UTRA/E-UTRA).
· A level of [-50] dBm for the CW tone requirement at 3 dB desensitization is provided as a starting point for continued discussion on determining blocking requirements, and should at this point not be seen as a proposal for the specification.

· Some care needs to be taken in that depending on the blocking level determined for B1, B2, B3, the receiver might be masked by the wideband noise from the modulated interferer. Similar action as taken for the MS AM suppression characteristics in GSM, where a notch filter is recommended, can be considered to alleviate this problem.
· The second level of desensitization is left TBD, with the possibility to use different desensitization depending on frequency offset (Y1-Y3). To use the same desensitization, as for example used in the MCBTS specification is the straight forward approach (Y1=Y2=Y3).

6 Conclusions
The document discusses the in-band blocking requirements for the MCDL feature and provides principles, assumptions and a proposal that is encouraged to be discussed by GERAN1.
Further, a preliminary blocking level of -50 dBm for a CW blocker inside the IBW of the receiver has been provided to further assist the discussion on a future blocking specification for the MCDL feature. 
7 References
[1] GP-120691, “Downlink Multi-carrier for GERAN”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#54.

[2] 3GPP TS25.101, “User Equipment (UE) radio transmission and reception (FDD)”

[3] 3GPP TS36.101, “User Equipment (UE) radio transmission and reception (FDD)”

[4] 3GPP TS45.005, “Radio Transmission and reception”

[5] 3GPP TS45.004, “Modulation”













































































































































































































































REFSENS


+X dB





IBW





Filter characteristics





Blocker region





i)





Interferer / blocker





Wanted signal





[-50] dBm, X=3


-B0,2 dBm, X=Y




















-B3,1 dBm, X=3


-B3,2 dBm, X=Y3





-B2,1 dBm, X=3


-B2,2 dBm X=Y2








-B1,1 dBm, X=3


-B1,2 dBm, X=Y1





REFSENS


+X dB





BW





ii)





i)





Interferer / blocker





Wanted signal





-56 dBm, X=10





-44 dBm, X=3





-56 dBm, X=3





-52 dBm, X=14


-25 dBm, X=41





REFSENS


+X dB





5 MHz








1(7)
7(7)

