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1 Introduction
The Downlink Multicarrier, DLMC, feature was started as a work item at GERAN#55, see [9]. 
In short, the feature enables the allocation of multiple carriers ((2) to a MS in the downlink, while avoiding additional requirements on the MS hardware to support multiple receiver paths in the RF front end. This is different from the already standardized Downlink Dual Carrier feature which is expected to require additional hardware to support multiple receive paths.
To support the DLMC feature, a wideband MS receiver that envelopes multiple carriers is assumed. I.e. it is assumed that the terminal is dual or tri-mode with capability of wideband reception from WCDMA/HSDPA and/or LTE.
Discussion regarding the feature implementation has so far not been addressing the support of multiple receive paths and/or support of multiple band reception in the terminal/chipset. This is however already supported by other 3GPP RATs, and considering the already required wideband support in the receiver from a dual/tri mode implementation it is of value also for GERAN to discuss the support of non-contiguous frequency allocations within the same frequency band, or in two separate frequency bands.
This functionality is proposed to be optional for the terminal to support. I.e. in addition to supporting multi carrier DL, the MS can optionally indicate support for inter-band reception and/or non-contiguous intra-band reception.

WA0: Inter-band reception and non-contiguous intra-band reception is optional for a MS to support, in addition to the support of DLMC (i.e. either inter-band reception or non-contiguous intra-band reception can be supported by a DLMC MS). The two reception modes are independently indicated in the MS capability.
The updates compared to GP-130217 are highlighted in red.

2 Non-contiguous reception
Terminology

Multiband operation
In regard of the present document, multiband operation refers to a common BCH in only one of the band of operation when resources across all supported bands are co-located and synchronized.

Sub-blocks
In the remainder of this document, different receiver configurations are outlined and analyzed. To explain the different receiver configurations the term ‘sub-block’ is used. A sub-block is defined as a block of frequencies received by the mobile station. The reception capability is assumed to be signaled by the mobile station to the network. The support of receiving a sub-block indicates the capability of receiving two or more carriers with maximum carrier separation equal to or smaller than the signaled maximum carrier separation, see [7]. Hence, in this context the term ‘sub-block’ relates to a receiver capability. 
Non-contiguous reception

A non-contiguous reception refers to a mobile station’s capability of simultaneous reception of carriers with a larger separation than the maximum carrier separation signaled by the mobile station. In non-contiguous reception more than one sub-block is supported by the MS. Within each sub-block, carriers can be separated up to the maximum carrier separation signaled by the MS. 
To limit the implementation complexity the number of supported sub-blocks is proposed to be limited to two for the DLMC feature. Both non-contiguous reception within one frequency band and non-contiguous reception in two frequency bands should be considered to be supported, referred to as non-contiguous intra-band and inter-band reception respectively. When non-contiguous reception is used within one frequency band the MS shall, as part of implementation, determine the subset of assigned carriers to associate with each sub-block.
WA1: Non-contiguous intra-band and inter-band reception of multiple carriers is limited to, in total, two sub-blocks. A sub-block is defined as a MS capability to receive two or more carriers with a separation equal to or smaller than the maximum signaled separation.
HSDPA and LTE support
To better understand the possible re-use of functionality already supported by dual mode/tri-mode terminals, the evolution of FDD-HSDPA and FDD-LTE in terms of antenna requirements, and channel bandwidth supported is shown in Table 1 and Table 2. Also, the applicability to the DLMC feature, based on the terminology used in 2.1.2 and 2.1.3 is included in the tables.
It can be seen that both HSDPA and LTE support inter-band reception from Rel-9 and Rel-10 respectively. Further, the support of non-contiguous intra-band reception is supported from Rel-11.
Table 1. HSDPA evolution.
	3GPP Release
	Feature
	Receiver implementation 
	DLMC applicability

	
	
	Minimum # of 
Rx antennas
	Max. channel BW1
	Multiband operation
	Number of sub-blocks

	Rel-7
	2x2 MIMO
	2
	5
	N
	1-2

	Rel-8
	Dual Cell HSDPA 
(DC-HSDPA)
	1
	10
	N
	1

	Rel-9
	Dual Band DC-HSDPA 
(DB-DC-HSDPA)
	1
	10
	Y
	2

	Rel-9
	DC-HSDPA + MIMO
	2
	10
	N
	1-2

	Rel-10
	Four carrier HSDPA + MIMO + dual band
(4C-HSDPA)
	2
	20
	Y
	1-2

	Rel-11
	Eight carrier HSDPA + MIMO
(8C-HSDPA)
	2
	40
	N
	1-2

	Rel-11
	Non-contiguous 4C-HSDPA operation2
	1
1
	45
15
	N
N
	1
2

	Rel-11
	Four branch MIMO transmission for HSDPA
	4
	20
	N
	1-4

	NOTE1: Based on channel bandwidth. The corresponding maximum carrier separation for GSM carriers is expected to be lower or equal to the listed ‘Max IBW’

NOTE2: Non-contiguous reception only defined in Band I (MS Rx: 2110-2170 MHz) and IV (MS Rx: 2110-2155 MHz) 


Table 2. LTE evolution.
	3GPP Release
	Feature
	Receiver implementation 
	DLMC applicability

	
	
	Minimum # of 
Rx antennas
	Max. IBW1
	Dual band support
	Number of sub-blocks

	Rel-8
	LTE
(including 2x2, 4x4 MIMO)
	2-4
	20
	N
	1-4

	Rel-10
	LTE Carrier Aggregation
	2-4
	40
	N
	1 (w/o MIMO)

	Rel-10
	LTE Carrier Aggregation, inter-band
	2
	10
	Y
	2 (w/o MIMO)

	Rel-11
	LTE Carrier Aggregation, inter-band
	2
	20
	Y
	2  (w/o MIMO)

	Rel-11
	LTE Carrier Aggregation, non-contiguous intra-band2
	2
	10
	N
	1-2 (w/o MIMO)

	NOTE1: Based on channel bandwidth. The corresponding maximum carrier separation for GSM carriers is expected to be lower or equal to the listed ‘Max IBW’

NOTE2: Non-contiguous reception only defined in Band 25 (MS Rx: 1930-1995 MHz)


3 Receiver configurations

As discussed in [1], multiple receive paths in a terminal can allow for different receive configurations to be used. In GERAN the use of multiple receiver paths have been earlier used to specify Mobile Station Receive Diversity (MSRD - named DARP Phase II in the specifications), and Downlink Dual Carrier (DLDC).
However, for a terminal supporting both features (DARP Phase II and DLDC) it is expected that a receiver implementation will have to cater four receive branches. Although different implementations routes are possible, the support of both features is expected to increase the hardware requirements. In order to limit the hardware requirements on terminals supporting both features the minimum performance requirements for DARP phase II need not apply in Downlink Dual Carrier configuration. 
It is e.g. stated in subclause 6.2.5 of [2] 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).”
The same applies also for reference interference performance.
However, the introduction of the Downlink Multicarrier feature alters this since it enables the support of multiple carriers using a single receive path. More receive combinations are thus possible.
Also, the support of Dual Band Dual Cell (DB-DC) and Dual Band 4C for HSDPA, see [3], and the support of inter band carrier aggregation in LTE, see [4], and non-contiguous intra-band reception for both HSDPA and LTE, enables support of similar configurations also in GERAN.

In the context of using multiple receive paths to receive multiple sub-blocks, both non-contiguous allocations within a band (Intra-band) as well as reception within two separate bands (Inter-band) are considered. 
The two configurations are shown in Figure 1.


[image: image1]
Figure 1. Intra-band non-contiguous reception (top). Inter-band reception (bottom).
It is the assumption that the hardware needed to support these configurations is already available based on feature support from HSDPA and LTE, see Section 2.2.
In Figure 2 different receiver configurations for the DLMC feature are outlined.


[image: image2]
Figure 2. Contiguous and non-contiguous configurations with dual receiver paths.
In order to limit the different number of receiver configurations in the specifications, and consequently the number of receiver requirements and test cases, the current relaxation of the requirement quoted above could apply similarly for a DLMC mobile station. However, the relaxation would apply in that a mobile station in Downlink Multi Carrier Non-contiguous configuration need not fulfill the DARP Phase II requirements. 
One example implementation where this relaxation applies would be the use of configuration 4 in contiguous reception, with the need to use configuration 2 or 3 in non-contiguous intra/inter band reception.

The quoted text in the specification can be re-phrased to (additions in red):
“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, or Non-Contiguous Downlink Multi Carrier configuration (see 3GPP TS 43.064).”
Similar statement would also apply to the reference interference specification.
WA2: The current relaxation for a DLDC MS supporting DARP Phase II, in that the DARP Phase II requirements need not apply when in a Downlink Dual carrier configuration, is extended to also apply for a Downlink Multi Carrier MS when in a non-contiguous intra-band or inter-band configuration.
4 Carrier selection
DLMC requires an additional functionality to the already specified DLDC feature in that the maximum carrier separation supported by the MS within the context of a sub-block might be smaller than the frequency span of the ARFCNs assigned the MS in any given time instance. Thus, it might happen that the MS cannot monitor one or more carriers if the signaled maximum carrier separation is exceeded, in one or more bursts in a certain radio block period. In this case, the network and MS need to be aware of which carrier(s) shall be monitored. This is also referred to as a “bandwidth limitation” of the feature and is more elaborated in [5] and [1].
When extending the DLMC concept to inter-band reception, there would be a possibility to allocate a carrier within the context of a MA spanning both frequency bands. To limit the complexity of the feature while maintaining backwards compatibility, this is not proposed to be included in the DLMC feature (i.e. each MA is applicable to a single band).
WA3: A MA can only be associated with one frequency band.

For the case of inter-band reception, the methodology to determine the set of carriers possible to receive, within the context of a certain sub-block for a certain radio block period will simply apply on a per band basis. Since there is no coupling of the carriers in the two sub-blocks (as per WA3), they can be treated, and analyzed, separately.

[image: image3]
Figure 3. Frequency range for carriers in dual band reception.
For the case of intra-band non-contiguous reception the carriers are no longer separated. In this case the carrier selection methodology will have to be updated to take into account “the placement” of the IBW associated with each receiver path/sub-block. 
An extension of the carrier selection approaches earlier presented, see [5], can be seen in [6]. It is shown that there is a straight forward extension of the “priority based” approach, to cater for non-contiguous reception, resulting in small increase in complexity.

[image: image4]
Figure 4. Frequency range for carriers in single band non-contiguous reception.

An alternative to simplify the carrier selection process for the intra-band configurations, one option could be to mandate the two sub-blocks to be contiguous in frequency, i.e. effectively increasing the maximum carrier separation by a factor two. To better understand the gain of allowing a non-contiguous reception of the two sub-blocks, the investigation in Network B from [5] has been updated to include reception of two sub-blocks, that are either contiguous (covering 2*BW) or non-contiguous (covering BW+BW, where a sub-block gap between the two sub-blocks might exist).
Example of how to read the figure:

The BW supported by the MS (equivalent to the maximum carrier separation signaled by the MS) is shown on the x-axis. The number of carrier assigned is seen in the legend, and the average throughput expected in the network can be read from the y-axis. 
For example, MS BW=7 MHz, Number of assigned carriers=3, Non-contiguous reception (BW+BW), gives an average expected throughput of 2.9 carriers.
It is clear from Figure 5 that allowing non-contiguous reception of the two sub-blocks allow for a vast increase in throughput, especially at lower supported BWs.

It is thus proposed not to allow for a separate support of contiguous sub-block reception, but only allow for non-contiguous intra-band reception.

For more information on the impact to different network configurations, see [6].
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Figure 5. Carrier throughput for 2-4 carrier allocation, at different MS BWs. For more info on network configuration, see [5].
5 UL carrier
It is proposed to re-use the principle of DLDC and the agreed working assumption for DLMC at GERAN#56, see WA18 and WA19 in [7], in that multiple UL carriers can be assigned, although USF scheduling and/or poll shall only allocate/reserve one block period on at most one carrier in any given TTI. 
The WA remains valid also for inter-band or non-contiguous intra-band reception.
6 UL power control

It is proposed to re-use the principle of DLDC and the agreed working assumption for DLMC at GERAN#56, see WA11 in [7], in that the power control parameters on the UL carriers may be different for each carrier.

The WA remains valid also for non-contiguous intra-band or inter-band reception.

7 PTCCH allocation

It is proposed to re-use the principle of DLDC and the agreed working assumption for DLMC at GERAN#56, see WA9 in [7] that an MS shall be assigned a PTCCH/D and a PTCCH/U sub-channel on one radio frequency channel only.
The WA remains valid also for non-contiguous intra-band or inter-band reception.
8 Channel quality reporting
To limit the space required by a channel quality report from the MS to the base station when assigned multiple carriers it was proposed at GERAN#56 to define the channel quality reporting principles of the MS based on “unique frequency parameter sets”, see [7]. A unique frequency parameter set is defined by either a MA common to a number of carriers, or a fixed, non-hopping, ARFCN.
Although not agreed at the GERAN#56 meeting, it is noted that the same principle would extend to the case of carriers assigned in multiple bands. Considering the new proposed WA3 in Section 4 above, a MA will be unique per frequency band and thus carriers in different bands will necessarily belong to a different MA (alternatively different fixed ARFCNs). A typical use case for multi-band operation would be a BCCH carrier and non-BCCH carrier(s) in Band A assigned simultaneously with a number of non-BCCH carrier(s) in Band B. This would result in the reporting of three unique frequency parameter sets, see Figure 6. If the concept of unique frequency parameter set is not used, five different channel quality reports would be required to be reported by the MS in this specific example. More elaboration on the channel quality reporting for the DLMC feature can be found in [10].
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Figure 6. Dual band reception with the reporting of 3 unique frequency parameter sets (UFPSs).
9 Carrier assignment

In order for the network and mobile station to be aligned regarding which carriers to receive in a certain radio block period there is a need to distinguish the different reception modes in the MS already in the assignment of carriers from the network. I.e. the network need to explicitly indicate to the MS if a contiguous or non-contiguous reception should be used, since different carrier selection processes will be used (see Section 4).
WA4: If the MS has indicated support for intra-band non-contiguous reception and in case the MS is assigned multiple carriers in the same frequency band, the reception mode to be used by the MS (contiguous or non-contiguous) shall be indicated by the network in the assignment message.
WA5: Non-contiguous intra-band reception and inter-band reception will not be supported simultaneously by the mobile station. 
10 Performance requirements

The performance requirements derived for single band DLMC operation is proposed to also apply to dual band reception.
The frame work for deriving performance requirements was agreed at GERAN#56, see [8] and [7]. 
A working assumption was also agreed at GERAN#56 to use two wanted signals when defining the performance requirements in multi-carrier operation in a single band, see WA25 in [7]. To ensure multi band operation, but to keep the complexity of requirements and testing to a minimum, it is proposed to apply the requirements with one carrier assigned in each band. The different band combinations and corresponding number of carriers is exemplified for band combination E-GSM / DCS1800 in Table 3.
WA6: If inter-band reception is supported by the mobile station, performance requirements impacted by multi-carrier operation shall apply with one carrier in each frequency band.
It is also for non-contiguous intra-band reception proposed to apply the impacted performance requirements by multi-carrier operation with two wanted signals in the same frequency band.

WA7: If non-contiguous intra-band reception is supported by the mobile station, performance requirements impacted by multi-carrier operation shall apply with two carriers.

To keep requirements and testing to a minimum but still ensuring inter-band and intra-band reception it is proposed to apply the requirements for blocking and AM suppression.

WA8: The requirements for blocking and AM suppression apply for contiguous reception, as well as for inter-band reception and non-contiguous intra-band reception.
Table 3. Number of carriers defined in performance requirements for DLMC operation, exemplified for E-GSM and DCS-1800 band.

	
	Number of carriers 

where performance requirement is defined

	
	E-GSM
	DCS1800

	Single band  E-GSM operation
	2
	-

	Single band DCS1800 operation
	-
	2

	Dual band E-GSM + DCS1800 operation
	1
	1


11 MS Capability signaling 
Band combination
Considering the geographical deployment of GSM it is only considered to allow for the band combinations listed in Table 4.
Table 4. Band combinations for the DLMC feature

	Multi-Band combination
	Frequency 

	
	Mobile receive / Base transmit
	Base receive / Mobile transmit

	E-GSM (band 8)  

DCS1800 (band 3)
	925 MHz to 960 MHz
1805 MHz to 1880 MHz
	880 MHz to 915 MHz
1710 MHz to 1785 MHz

	GSM850 (band 5)

PCS1900 (band 2)
	869 MHz to 894 MHz
1930 MHz to 1990 MHz
	824 MHz to 849 MHz
1850 MHz to 1910 MHz


Non-contiguous allocations

As shown in Table 1 and Table 2, the support of dual band reception was introduced in Rel-9 and Rel-10 for HSDPA and LTE respectively. Both standards support the reception of one low band (e.g. E-GSM) and one high band (e.g. DCS1800). 

The support of intra-band non-contiguous spectrum was introduced for both technologies in Rel-11, and is only defined for high band reception (see notes in Table 1 and Table 2). It is thus proposed to allow for separate indication of intra-band reception for the low and high frequency bands.
To allow for similar split of functionality as in HSDPA and LTE there is a need for the MS to indicate support for multiband reception separately from support for intra-band non-contiguous reception. 

Considering the wide support of quad band GSM terminals, it is further assumed that no separate indication for supporting the two different frequency band combinations (shown in Table 4 above) is needed, i.e. if dual band reception is supported, both band combinations are assumed to be supported.

The support of different band combinations and non-contiguous frequency allocations can thus be defined by three bits of capability indication, for example:

[image: image7]
12 Conclusions
The concept of non-contiguous intra-band reception and inter-band reception has been introduced for the Downlink Multi Carrier feature. The capability of the inter-band and intra-band reception has been aligned with capabilities in HSDPA and LTE. 
Significant gains have been shown in simulations from a real network scenario where non-contiguous intra-band reception has been used.
A number of working assumptions have been proposed to include an optional support for non-contiguous intra-band reception and inter-band reception to the Downlink Multi carrier feature. 
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DLMC – Non-contiguous intra-band reception (2 bit field)


This field indicates the intra-band non-contiguous reception mode (see 3GPP TS 45.005) supported by the mobile station in Downlink Multicarrier configurations. 





Bit


1 2


0 0	Not supported


0 1	Supported in band E-GSM or GSM850


1 0	Supported in band DCS1800 or PCS1900


1 1	Supported in band E-GSM, GSM850, DCS1800 or PCS1900





DLMC - Inter-band reception (1 bit field)


This field indicates the inter-band reception mode (see 3GPP TS 45.005) supported by the mobile station in Downlink Multicarrier configuration. 





Bit


1 	


0		Not supported


1	Supported in band combination (E-GSM, DCS1800), or band combination (GSM850,PCS1900).
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