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DLMC - Using different receive filter BWs to match carrier separation
1 Introduction

The Multi-carrier Downlink, DMCG, 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. 

The contribution in [3] discusses how to handle the situation when the filter BW is insufficient to envelope all assigned carriers. 
The opposite situation is when the maximum supported IBW is unnecessary large where it would be beneficial to use a smaller IBW to reduce the risk for blocking. As discussed in [4], a possible approach could be to have the mobile signal the maximum supported IBW which would infer that a number of smaller IBWs are in addition supported.
This contribution looks into the IBWs that would be beneficial to support.
2 Discussion 
Since aim of the work is to reuse capabilities from UTRA and E-UTRA capable devices, a good starting point would be to look at what bandwidths are supported by these devices today. Figure 1 depicts example LP filter characteristics for the E-UTRA BWs. All filters in this paper are assumed to be third-order Chebyshev with the pass band edge matching the E-UTRA transmission bandwidth configuration. It can be noted that the filter type and filter order to use is not a matter of specification, but left up to implementation.
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Figure 1: Example filter characteristics for different LTE BWs.

If we assume that a GSM carrier need 100 kHz offset to the E-UTRA transmission bandwidth configuration for good performance, the resulting maximum GSM carrier separations for each E-UTRA channel BW can be seen in Table 1. The choice of offset allows for the main part of the carrier to be in the filter pass band. If we would assume a 200 kHz offset instead that would shift the conclusions of this paper somewhat on the exact filter BWs to use, so companies are invited to share their views on this assumption.
Table 1. Maximum GSM carrier separation for different E-UTRA channel and transmission bandwidth, see [5]
	E-UTRA Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	E-UTRA Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100

	E-UTRA Transmission bandwidth configuration [MHz]
	1.08
	2.7 
	4.5
	9
	13.5
	18

	GSM maximum carrier separation [MHz]
	0.8
	2.4 
	4.2
	8.8
	13.2
	17.8


It can be seen that these six filters will not always match the allocation of the MS in multicarrier mode. A carrier-separation of 5 MHz will for instance force the mobile to pick the 10 MHz filter and when reading from figure 1, this would make the receiver unprotected for a blocker located 1 MHz outside on of the outermost carrier. This is further explained in figure 2.
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Figure 2:  Filter protection for different filter BWs.
Ideally with regards to blocking risk, we would need similar filters matching all possible GSM carrier separations on the 200 kHz raster. However, this will lead to a very large number of filters, as can be seen in figure 3. The filters in the figure correspond to a number of E-UTRA resource blocks (from 4 to 100). It can be noted that some of the expected filters are missing from the plot, which is because the 180 kHz granularity does not match the GSM 200 kHz raster. Increasing the filter BW by 180 kHz may not fit another GSM channel and so this filter will serve no purpose and is therefore excluded.
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Figure 3: An ideal set of filters (third-order and <20 MHz).

It is not considered worthwhile to mandate the support of all these BWs, especially in the higher BW range where the filter slope is more flat which makes the difference in blocking protection between e.g. a 19.8 MHz and a 20 MHz filter quite small. 
So an investigation has been made to find a reasonable trade-off between using only the LTE BWs and using all possible BWs.
Assuming that we have a blocker at 1 MHz offset outside the outermost carrier, figure 4 shows what filter protection we would have using the filter characteristics previously described. The blue curve shows protection if all filter BWs can be used. The slightly uneven shape is again due to the 180 kHz vs. 200 kHz raster mismatch. The green curve shows the protection if only LTE BWs can be used and we can see that for several carrier separations the blocking protection is non-existent. The red curve represents an extended set, where the filter BWs 1.04, 1.93, 2.47, 3.8, 6.4 and 8 MHz have been used in conjunction with the LTE BWs. 
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Figure 4: Blocker protection (1 MHz offset) when comparing different filter sets.

The extended filter set is shown in figure 5, along with the fictitious E-UTRA parameters and resulting GSM carrier separation in table 2.
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Figure 5: The extended set of filters.

	E-UTRA Channel bandwidth BWChannel [MHz]
	1.04 
	1.4
	1.93
	2.47
	3 
	3.8

	E-UTRA Transmission bandwidth configuration NRB
	4
	6
	9
	12
	15 
	19

	E-UTRA Transmission bandwidth configuration [MHz]
	0.72
	1.08
	1.62
	2.16
	2.7 
	3.42

	GSM maximum carrier separation [MHz]
	0.6
	0.8
	1.4
	2
	2.4 
	3.2

	E-UTRA Channel bandwidth BWChannel [MHz]
	5
	6.4
	8
	10
	15
	20

	E-UTRA Transmission bandwidth configuration NRB
	25
	32
	49
	50
	75
	100

	E-UTRA Transmission bandwidth configuration [MHz]
	4.5
	5.76
	7.2
	9
	13.5
	18

	GSM maximum carrier separation [MHz]
	4.2
	5.4
	7
	8.8
	13.2
	17.8


Table 2: BW parameters for the extended set.

By taking the difference between the Ideal set and the other sets, it is possible to quantify the loss in filter protection caused by the limited filter granularity. This is shown in in figure 5. 
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Figure 5: Loss in blocker protection due to limited BW granularity.

It can be seen that if introducing a small number of extra BWs (e.g. 6), we can ensure that the additional loss is limited to 4 dB or lower in almost all cases compared to at most 15 dB when using the standard E-UTRA BWs. If we could introduce more BWs we would improve the situation further.
3 Conclusions

This contribution discusses the tradeoff between the number of receive filter BWs and protection from blocking. 

It is shown that by introducing a small number of extra filter BWs in conjunction with the existing LTE BWs, we can limit the loss in blocker protection to at most 4-6 dB. 
In the RF requirement overview in [4] it is proposed to test blocking for a number of maximum carrier separations. If the tested separations could be made to match the carrier separations discussed in this paper, we could ensure that the requirement coverage is as good as it can be (within 6 dB) for any carrier separation used in live operation.
The maximum carrier separation discussed in this contribution is 17.8 MHz based on the largest E-UTRA BW. But since the filter slope is quite flat for such as large BW, it should be possible to remove the 100 kHz offset and assume a maximum carrier separation of 18 MHz matching the largest transmission bandwidth configuration for E-UTRA. It is proposed to adopt this as a working assumption for a MS in DLMC mode.

Proposal for Working Assumption: The maximum carrier separation supported by an MS in DLMC mode is 18 MHz.

Further, discussion is encouraged on the sub-set of carrier separations to be supported and defined for a MS supporting DLMC.  
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