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DLMC – Review of performance requirements
1 Introduction
The Downlink Multi-carrier, DL, feature was started as a work item at GERAN#55, see [1]. 
In short, the feature enables the allocation of multiple carriers ((2) to a MS in the downlink, while avoiding additional requirements on the MS HW to support the feature, in contrast to the already specified feature Downlink Dual Carrier, see [2].
To support the feature, a wideband MS receiver (dual or tri-mode terminal) that envelope multiple carriers is assumed. 
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 avoid impact to current multi-RAT HW implementations. Thus, relaxations are to be expected for some RF related requirements, as already discussed in [3].
This paper reviews the current specification, identifies performance requirements that will be impacted by the multi-carrier feature, and proposes modifications to the current single carrier requirements, when in multi-carrier operation.

2 Background

Current GSM MS receiver implementations have typically a narrow channel selection filter to receive the assigned carrier. The narrow band filter will protect the receiver against unwanted interference. With a wideband receiver that is introduced by the DLMC feature, the MS will become more sensitive to unwanted signals entering the signal path. Further, a larger dynamic of wanted signals can be expected when the MS is assigned multiple wanted carriers in the DL.
In [4] the impact on performance requirements due to the use of a wideband channel selection filter is reviewed. This document elaborates more on the impact to the different requirements and proposes working assumptions for the future work of the DMCG WI, see [1].
3 Receiver requirements
General

A mobile supporting the Downlink Multi-Carrier feature is mandated to also support single carrier operation. Thus, the relaxation of radio related requirements will only apply when the MS has been assigned two or more carriers with a multi-carrier assignment.
Since there is already extensive test coverage in single carrier operation, and the support of multiple carriers and several bandwidths of the MS is expected to increase the testing complexity, the following is proposed:

Multi-path fading 
Similar to the principle used in VAMOS, where a VAMOS MS need to support the non-VAMOS specification where there is extensive test coverage, it is proposed to re-use current single carrier specification while only specify performance requirements for the TU50nFH channel for reference sensitivity and reference interference in multi-carrier operation.

WA1: For reference sensitivity and reference interference performance requirements, requirements are only specified for the TU50nFH channel in multi-carrier operation.
Number of carriers
To ensure operation in multi-carrier mode there is a need to define the performance requirements impacted by the multi-carrier operation with at least two wanted carrier. 
A similar approach was also taken for the multicarrier specification for the BTS requiring the use of up to four carriers spread across the declared maximum RF BW for some of the receiver requirements. 
However, in contrast to the multicarrier BTS where the multicarrier BTS will only operate in multi-carrier mode, and thus will only comply to the multicarrier BTS specification, the multicarrier MS is mandated to also support the single carrier specification. It is only when in multi-carrier operation that a greater number of carriers are used.
In order to avoid too high implementation and testing complexity, but still ensure compliance to the specification when operating in multi-carrier operation, it is proposed to apply two wanted carriers, irrespective of the maximum number of carriers supported by the MS.
Further, to ensure performance at the edges of the supported IBW it is proposed to separate the wanted signals maximally across the declared IBW, see Figure 1.
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Figure 1. Two wanted carriers separated with maximum separation across the IBW.
WA2: Performance requirements impacted by multi-carrier operation shall apply to two wanted carriers, irrespective of the maximum number of carriers supported by the MS.
WA3: The wanted signals shall be separated maximally across the tested IBW. The relation between maximum separation and declared IBW is left FFS.
IBWs supported 

To ensure sufficient protection of the MS receiver, a sub set of IBWs shall be mandated to be supported, given a signaled maximum IBW supported by the MS. A similar approach has been taken in LTE where channel BWs of [1.4 ; 3 ; 5 ; 10 ; 15 ; 20] MHz are mandated to be supported by the MS, depending on the frequency band supported.

An analysis on the need of IBWs supported by the MS is further discussed in [5].

The needs for performance requirements for multiple IBWs are proposed below per each requirement. 
Blocking
In-band blocking

When extending the current GSM receiver to wideband reception it is reasonable to assume that the total received signal will be fed to the digital baseband unit where channel filtering is performed. The receiver will become more sensitive to strong blocking signals that, to a less extent, 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. 
The understanding of, and the impact to, the in-band blocking specification has been addressed in [4] and [3]. The proposed working assumptions listed in [3], and the proposed in-band blocking requirement is shown below.
WA4: In-band blocking: Use a minimum separation between the blocking and wanted signal of 600 kHz in the blocking requirement.
WA5: In-band blocking: 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 level for spurious responses is left TDB.
WA6: In-band blocking: Use two different levels of desensitization from reference sensitivity to ensure wideband receiver operation at higher blocking levels.
WA7: In-band blocking: Define blocking levels, with a dependency of the frequency separation between the wanted channel and the blocker, at frequencies outside the supported IBW of the MS.
WA8: In-band blocking: Keep the blocking levels and frequency offsets between wanted signal and blocker constant in relation to the upper/lower band edge of the supported IBW, for blocking signals outside the IBW.
WA9: In-band blocking: A CW tone constitutes the blocker inside the IBW.
WA10: In-band blocking: The performance requirements on blocking inside the IBW shall be defined for the maximum supported IBW.

WA11: In-band blocking: A UTRA signal, according to [7] constitutes the blocker outside the IBW.
WA12: In-band blocking: The performance requirements on blocking outside the IBW shall be defined for all supported IBW.

Figure 2 shows the proposed in-band blocking requirement proposed in [3] given WA5-12.

[image: image2]
Figure 2. Proposed in-band blocking requirement from [3].
It should be noted that the in-band blocking performance requirements outside the IBW are defined on both sides of the IBW. Figure 4 only shows the requirement on one side.

Further, it should be noted that the second level of desensitization is left TBD. It is proposed to define the blocking level inside the IBW at 3 dB desensitization to -53 dBm. The comparison to the current requirement is shown in Table 1.

Table 1. Current and proposed in-band blocking requirements, from [6]
	Frequency
Band
	GSM 400, T-GSM 810, P-, E- and R-GSM 900

	
	small MS
	MS in multi-carrier mode
inside IBW

	
	dBm
	dBm

	in‑band
	
	

	600 kHz  |f‑fo | < 800 kHz
	‑43
	-53

	800 kHz  |f‑fo | < 1,6 MHz
	‑43
	-53

	1,6 MHz  |f‑fo | < 3 MHz
	‑33
	-53

	3 MHz     |f‑fo | 
	‑23
	-53


Proposal 1: In-band blocking: It is proposed to define the blocking level B0@3dB = [-53] dBm.
Blocking levels of B0@YdB, B1, B2 and B3 is left FFS.
Out-of-band blocking

The current out-of-band blocking requirement for GSM MSs is defined at 0 dBm. For UTRA and E-UTRA, see [7] and [8], the highest levels defined for out-of-band blocking is -15 dBm. As for GSM the requirement is specified at 3 dB desensitization in the UTRA specification. For E-UTRA the requirements is instead specified at 6 dB desensitization (for most channel bandwidths). The additional 3 dB in the requirement is added due to MIMO transmission.
The out-of-band blocking requirement is primarily determined by the band filter, and not the channel filter. It can however be assumed that there could be some protection from the channel filter in narrowband reception that potentially could be degraded when going to wideband reception. It is thus proposed to align the out-of-band blocking requirement with UTRA and E-UTRA, and specify it at -15 dBm, at 3 dB desensitization using a CW tone as blocker.
Since the frequency separation between the wanted carriers and the blocker is no longer defined on a fixed offset between the edge of the IBW and the blocker (as for in-band blocking), but at a frequency offset from the relevant band. It is proposed to only define out-of-band blocking for the maximum IBW supported by the MS. 

WA13: Out-of-band blocking: The requirement in multi-carrier mode is defined at -15 dBm. 

WA14: Out-of-band blocking: The requirement is only defined for the maximum supported IBW.
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Figure 3. Out-of-band blocking requirement for multi-carrier operation.
Receiver Intermodulation

Intermodulation characteristics are targeting the linearity of the RF part of receiver, which is typically dominated by the front end low noise amplifier, LNA. It is not expected that there will be an impact on this requirement by the use of a wider channel selection filter.
WA15: Rx Intermodulation: Separate requirements for multi-carrier operation shall not be specified.
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. 
It is proposed to align the principles of the AM suppression requirement with the one defined for MCBTS, see [9], Subclause 7.8.2 b), placing the interferer at equal distance from the wanted channels.

As for the in-band blocking inside the IBW, it can be expected that the requirement is not dependent on the IBW, and it is thus only proposed to define the requirement for the largest IBW.
The requirement is left TBD.
WA16: AM suppression: The wanted signals are placed as symmetrically as possible around the interfering signal. Principles from MCBTS, see [9], subclause 7.8.2 b), apply.

[image: image4]Figure 4.  AM suppression in multi carrier mode
Nominal Error Rate
The requirement on Nominal Error Rates is a measure to ensure equalizer performance at the expected dynamic range of the receiver. With an increased number of carriers received it can be expected that the level of the wanted signals are increased accordingly, and that the upper level defined for the nominal error rate requirement should be increased in multi-carrier operation.

It is proposed to adopt the same methodology as done for DC-HSPA and 4C-HSPA where the increase in signal levels are limited to 3 dB, irrespective of the number of carriers received (at most four).

WA17: NER: Requirement is kept as is, specified with two wanted signals for the maximum supported IBW. This implies an increase of the highest signal level supported by 3 dB. The requirement applies irrespective of the maximum number of carrier supported. 
Reference sensitivity

The requirement on reference sensitivity is not expected to be impacted by the multi-carrier feature. However, in order to ensure multi-carrier operation, and test coverage for these requirements it is proposed to follow WA1, and only have multi-carrier specific performance requirements in multi-path fading only for TU50nFH channel, following a similar principle as was done for VAMOS.
To ensure multi-carrier operation, WA2 and WA3, is used in the definition of the requirements. It is proposed to define reference sensitivity only at the maximum supported IBW supported by the MS.
WA18: Reference sensitivity: The requirement is defined for the maximum supported IBW.
WA19: Reference sensitivity: The requirement is kept as currently defined for single carrier operation.
Reference interference
General

As for the requirements on reference sensitivity it is proposed that all reference interference requirements are defined for the maximum supported IBW.
WA20: Reference interference: The requirement is only defined for the maximum supported IBW.
ACI and CCI

For ACI and CCI requirements the same principles are followed as for reference sensitivity to only require performance in multi-path fading TU50nFH channel.
For the ACI requirements it is assumed that channel filtering in the digital domain is expected to be comparable with the adjacent channel protection possible to achieve with current channel filters in the analogue domain, and thus no impact to the current requirement is foreseen.
WA21: Reference interference (ACI & CCI): The requirement is kept as currently defined for single carrier operation.

ACI 400 kHz

For the second adjacent channel the specification today is defined relative to the CCI requirement, see Table 1. 
It can be seen that the ACI is defined at a 48 dB or 50 dB offset from the CCI requirement, depending on the modulation of the wanted carrier. This results in a signal level of the interfering signal at -45 dBm and -43 dBm respectively since the interferer in the CCI requirement is defined at -93 dBm. Multipath fading and PAR of the interfering signal adds further to the maximum expected momentary signal level at the receiver input.
Such high signal levels could have impact on the dynamic range of the receiver, and thus it can be assumed that implementations exist that are dependent on the suppression of the analogue channel filter to comply with these requirements. With a wideband channel filter a lower, or no suppression is expected, which would have impact on the requirement.
It is thus proposed to keep the methodology of the ACI 400 kHz as is, but propose a multi-carrier specific offset to the CCI requirements, see Table 1 (red text).

Table 2. ACI 400 kHz requirements from [6].
	
	Modulation of wanted signal

	
	GMSK
	8-PSK
	16-QAM
	32-QAM

	for adjacent (400 kHz) interference
	C/Ia2
=
	C/Ic ‑ 50 dB
	C/Ic - 50 dB
	C/Ic - 48 dB
	C/Ic - 48 dB

	for adjacent (400 kHz) interference in multi-carrier mode
	C/Ia2
=
	C/Ic – [TBD] dB
	C/Ic – [TBD] dB
	C/Ic – [TBD] dB
	C/Ic – [TBD] dB


WA22: Reference interference (ACI 400 kHz): The requirement is kept as currently defined for single carrier operation but with a different offset to the CCI requirement than what defined today (48 dB and 50 dB). The offset is kept TBD.
ACI 600 kHz

The requirement at ACI 600 kHz is an optional requirement for GMSK and 8PSK modulated channels, or not defined at all for other channels.
It is proposed that no requirement for ACI 600 kHz is defined for multi-carrier operation.

WA23: Reference interference (ACI 600 kHz): No ACI 600 kHz requirement is defined for multi-carrier operation.
Summary

Below is a summary of the proposals on the impacts to performance requirements impacted by multi-carrier operation.

Table 3. Summary of performance requirements impacted by multi-carrier operation

	Requirement
	Number of wanted carriers
	Applicable IBW
	Channel propagation
	Comment

	In-band blocking
	2
	Inside IBW:

Max IBW
Outside IBW:

All IBWs
	Static
	WA4-12
Level of blocker inside IBW @ 3dB desens: -53 dBm
Level of blocker outside IBW: TBD

	Out-of-band blocking
	2
	Max
	Static
	WA13-14
Level of blocker: -15 dBm (aligning with requirement for UTRA/E-UTRA)

	Rx IM
	1
	-
	Static
	WA15.

No multi-carrier specific requirement.

	AM suppression
	2
	Max
	Static
	WA16.

Wanted signals placed as symmetrically as possible around the interfering signal.
Level of interferer: -TBD dBm

	NER
	2
	Max
	Static

EQ50

EQ60

EQ100
	WA17.

Level increase by 3 dB, compared to single carrier operation.

	Ref. Sensitivity
	2
	Max
	TU50nFH
	WA18-19
Requirements kept as for single carrier operation

	Ref. Intf CCI&ACI
	2
	Max
	TU50nFH
	WA21.
Requirements kept as for single carrier operation

	Ref. Intf. ACI400
	2
	Max
	TU50nFH
	WA22.
Offset to CCI requirement TBD.

	Ref. Intf. ACI600
	2
	Max
	-
	WA23.
No multi-carrier specific requirement.


Table 4. Summary of proposed working assumptions.

	WA
	Requirement
	Assumption

	1
	General
	For reference sensitivity and reference interference performance requirements, requirements are only specified for the TU50nFH channel in multi-carrier operation.

	2
	General
	Performance requirements impacted by multi-carrier operation shall apply to two wanted carriers, irrespective of the maximum number of carriers supported by the MS.

	3
	General
	The wanted signals shall be separated maximally across the tested IBW. The relation between maximum separation and declared IBW is left FFS.

	4
	In-band blocking
	Use a minimum separation between the blocking and wanted signal of 600 kHz in the blocking requirement.

	5
	In-band blocking
	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.

	6
	In-band blocking
	Use two different levels of desensitization from reference sensitivity to ensure wideband receiver operation at higher blocking levels.

	7
	In-band blocking
	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.

	8
	In-band blocking
	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, for blocking signals outside the IBW.

	9
	In-band blocking
	A CW tone constitutes the blocker inside the IBW

	10
	In-band blocking
	The performance requirements on blocking inside the IBW shall be defined for the maximum supported IBW.

	11
	In-band blocking
	A UTRA signal, according to [7] constitutes the blocker outside the IBW

	12
	In-band blocking
	The performance requirements on blocking outside the IBW shall be defined for all supported IBW.

	13
	Out-of-band blocking
	The requirement in multi-carrier mode is defined at -15 dBm.

	14
	Out-of-band blocking
	The requirement is only defined for the maximum supported IBW.

	15
	Rx Intermodulation
	Separate requirements for multi-carrier operation shall not be specified.

	16
	AM Suppression
	The wanted signals are placed as symmetrically as possible around the interfering signal. Principles from MCBTS, see [9], subclause 7.8.2 b), apply.

	17
	NER
	Requirement is kept as is, specified with two wanted signals for the  maximum supported IBW. This implies an increase of the highest signal level supported by 3 dB. The requirement apply irrespective of the maximum number of carrier supported.



	18
	Reference sensitivity
	The requirement is defined for the maximum supported IBW.

	19
	Reference sensitivity
	The requirement is kept as currently defined for single carrier operation.

	20
	Reference interference
	The requirement is only defined for the maximum supported IBW.

	21
	Reference interference

ACI&CCI
	The requirement is kept as currently defined for single carrier operation.

	22
	Reference interference

ACI400
	The requirement is kept as currently defined for single carrier operation, but with a different offset to the CCI requirement than what defined today. The offset is kept TBD.

	23
	Reference interference

ACI600
	No ACI 600 kHz requirement is defined for multi-carrier operation.


4 Conclusions

The present document:

· reviews the MS performance requirements  
· identifies which performance requirements are impacted by mulit-carrier operation

· proposes modifications to the performance requirements impacted by multi-carrier operation 

The sourcing companies encourage discussion and adoption of the proposed Working Assumptions for the future work on DMCG.

Further, the proposal on in-band blocking levels inside the IBW of [-53 dBm] is encouraged to be reviewed by other companies.
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