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DLMC – On Managing Increased Risk of Blocking
1. Introduction

At GERAN#55 a work item on the Downlink Multi-carrier feature in 3GPP Release 12 specification was started, to enable support for more than two carriers on the DL (see [1]).
To support the feature, a wideband MS receiver (dual or tri-mode terminal) that envelopes multiple carriers is assumed. However, a mobile in multicarrier mode is more susceptible to blocking interference from other than the serving base station due to the wideband receiver architecture. In order to mitigate this problem a number of techniques have already been proposed and agreed as working assumptions (see [2], [3]). This paper describes a possibility to further improve the techniques with the help of information provided by the serving network about the frequencies likely to cause blocking. 
2. problem description

2.1 Background
In [2], a number of extra receive filter BWs in conjunction with the existing LTE BWs are introduced. It is shown that the loss due to blocking could be reduced significantly in almost all carrier separations if these extra filters are used by the receiver.
As a consequence, following two working assumptions have been agreed (see [4]).

WA52: The maximum carrier separation supported by a DLMC MS shall be based on the channel bandwidth set from LTE, with the lowest separation corresponding to the 5 MHz channel bandwidth (also valid for WCDMA capable MSs), i.e. 5, 10, 15 or 20 MHz.
WA53: An MS indicating support for a maximum carrier separation shall also support the set of smaller carrier separations defined by corresponding E-UTRA channel bandwidths of [1.04, 1.4, 1.93, 2.47, 3.0, 3.8, 5.0, 6.4, 8.0, 10.0, 15.0, 20.0] MHz.
2.2 Managing Blocking by Rx Filter Positioning

Table 1 shows the list of E-UTRA channel bandwidths (including the extra BWs) and GSM maximum carrier separation. This has been extracted from Table 2 of [2].

Table 1: Maximum GSM carrier separation for several Rx filters [2].
	E-UTRA Channel bandwidth [MHz]
	1.04
	1.4
	1.93
	2.47
	3.0
	3.8
	5.0
	6.4
	8.0
	10.0
	15.0
	20.0

	GSM maximum carrier separation [MHz]
	0.6
	0.8
	1.4
	2.0
	2.4
	3.2
	4.2
	5.4
	7.0
	8.8
	13.2
	18.0


Let us assume a contiguous case where, in a certain TDMA frame, the centre frequency of the lowest channel is 940 MHz and the centre frequency of the highest channel is 949 MHz. According to the bandwidth list in Table 1, for this carrier separation of 9 MHz we can assume that the MS will use a bandwidth of 15 MHz which allows a maximum GSM carrier separation up to 13.2 MHz. However, there is no rule yet how to exactly position the Rx filter to envelope all the transmitted carriers. Several options are possible and three of these are depicted in Figure 1. In this figure, the desired carriers are depicted by black arrows, a possible blocker by the red arrow and the approximate Rx filter characteristic by the trapezoid.
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Figure 1 Different Rx Filter Positions for Blocker Protection

The excess bandwidth resulting from the chosen wideband Rx filter, compared to what is needed to envelope the wanted carriers, makes the mobile receiver susceptible to blockers from a large number of unwanted but possibly existing GSM carriers from other networks, especially from uncoordinated networks. 

It is obvious that the filter set depicted in Table 1 cannot envelope all possible maximum carrier separations (i.e. D = N*200 kHz) in an optimum way, meaning without hangover. 

From Figure 1, it is evident that the level of protection against such a blocker depends to a great extent on the positioning of the Rx filter covering the wanted carriers.
However, without the knowledge of potential blocker frequencies the MS cannot optimise the position of the Rx filter. Thus an MS implementation dependent positioning bears a higher risk of a blocker falling into the receive filter pass-band than a network guided positioning.

2.3 Multi Operator Scenario

The fewer channels of other operators, in particular operators using other sites than the MS's PLMN, overlap with the MS's Rx filter passband, the lower is the risk of blocking. This is explained by comparing two scenarios.

Scenario 1: The DLMC MS receives the wanted signal from the serving network and the blocker signal from a different network sharing the same site. 

In this case, the path loss to the MS will be similar for the wanted signal and the blocker. Hence the wanted signal can be received with a sufficiently high level, and the desensitization due to blocking will not harm the BLER.

Scenario 2: The DLMC MS receives the wanted signal from the serving network and the blocker signal from a different network that is using a different, nearer site than the site used by the serving network. 

In this case, the best cell that the MS can find (e.g. at the cell edge) may provide a weak signal whereas a blocker from a different (in particular uncoordinated) network may have very little path loss. Hence, such a strong inband blocker can degrade the Rx performance of a weak wanted signal considerably and will harm the BLER.
2.4 Information Available to the MS

It would be beneficial for the MS to know which frequencies, adjacent to the frequency allocation used for DLMC packet connection, are not likely to cause blocking. The remaining frequencies are then considered critical and should be as far as possible in the stopband of the Rx filter.

From the hopping list, the MS knows further frequencies used in the cell. However, there could be other frequencies used by the same network but not available in the MA list. For instance, at a frequency reuse factor of 12, there could be 11 channels belonging to the same operator below the lowest or above the highest frequency that the MS uses in that cell, and an overlap of the Rx filter passband with those frequencies would not result in a large blocking risk.

By the BA list the MS knows further frequencies used by the serving network, but not for the TCH layer. (With proper cell selection, a blocker from a frequency in the BA list is unlikely.)
The information described above is not exhaustive and the MS does not know all of the non-critical frequencies used by the serving network.

The MS also does not know which are the frequencies licensed to other operators, in particular those used by operators which do not share the sites.

3. ProposED solution
It is proposed that a simple signalling method is developed to inform the MS about the known potential blocking frequencies. Such information could be signalled on the broadcast channel, e.g. sent with a similar frequency as neighbour cell information. Alternatively the information could be sent in packet transfer mode to a DLMC mobile station before and during packet data connection, as depicted below.
While assigning a downlink TBF with packet resources on multiple downlink carriers, the network sends a downlink assignment message (PACKET DOWNLINK ASSIGNMENT, PACKET TIMESLOT RECONFIGURE) to a mobile station. It is thus proposed to add information of potential blocking frequencies to the above listed downlink assignment messages using an optional field by extending the existing Frequency Parameters IE. If the signalled frequencies change from one cell to another, then the new information field also needs to be added to the PS HANDOVER COMMAND message to inform the mobile station on potential blocker frequencies in the new cell as fast as possible. 
As an example for implementation of the signalling at TBF setup, the addition of a new information field to the Frequency Parameters IE in TS 44.060 is shown below.

	< Frequency Parameters IE > ::=


< TSC : bit (3) >


{ 00 < ARFCN : bit (10) >


| 01 < Indirect encoding : < Indirect encoding struct > >


| 10 < Direct encoding 1 : < Direct encoding 1 struct > >


| 11 < Direct encoding 2 : < Direct encoding 2 struct > > } ;



	< Indirect encoding struct > ::=


< MAIO : bit (6) >


< MA_NUMBER : bit (4) >


{ 0 | 1
< CHANGE_MARK_1 : bit (2) >




{ 0 | 1 < CHANGE_MARK_2 : bit (2) > } } ;



	< Direct encoding 1 struct > ::=


< MAIO : bit (6) >


< GPRS Mobile Allocation : < GPRS Mobile Allocation IE > > ;



	< Direct encoding 2 struct > ::=


< MAIO : bit (6) >


< HSN : bit (6) >


< Length of MA Frequency List contents : bit (4) >


< MA Frequency List contents : octet (val(Length of MA Frequency List contents) + 3) > ;

< Potential blocking frequencies info struct > ::=

{ 0                          -- not present

 | 1
 < Repeated Blocker Range Parameters :  

                              < Repeated Blocker Range Parameters struct >> } ** 0 ;

< Repeated Blocker Range Parameters struct > ::=

 { 1 < start ARFCN : bit (10) >

      < stop ARFCN : bit (10) > ; }     




4. conclusion

Although a number of receive filters have been introduced to manage the blocking problem in DLMC configuration, the positioning of those filters is not specified. This paper shows that the blocking could be mitigated further if a DLMC MS positions its wideband receive filter based on the knowledge of the frequencies of likely blockers. Therefore, this paper proposes signalling options to notify the DLMC MS about frequency ranges where blockers occur with much higher probability than in the spectrum that the serving PLMN occupies.
Proposed WA: Networks supporting DLMC shall signal the frequency ranges where blockers can be expected, and mobile stations operating in DLMC configuration with a wideband receive filter shall maximize the overlap between these frequency ranges and their receive filter's stop-band. The details of the signalling mechanism are left FFS.
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