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1 Background
At RAN4 #41 in Riga, there were input and discussions on the numerology for the lower bandwidth options (<5 MHz), but no consensus was reached. While the original statement in TR 25.913 is that E-UTRA shall operate in 1.25 MHz, 1.6MHz and 2.5 MHz spectrum allocations, it has been pointed out that the chosen numerology and RF bandwidths of LTE does not have to exactly match those numbers. It is however important that LTE facilitates migration to and operation in spectrum allocation of those approximate sizes.

It was proposed in [2] to base the lower bandwidth options on 1.6 MHz and 2.4 MHz RF bandwidths, operating with 6 and 12 resource blocks respectively. Another proposal was made in [1], basing the lower bandwidth options on 1.8 MHz and 3.0 MHz RF bandwidths, operating with 8 and 15 resource blocks respectively. Both proposals are based on GSM and CDMA2000 migration scenarios. 
Those arrangements are further investigated in this contribution and the proposal in [1] for the 1.8 MHz and 3.0 MHz lower bandwidth carrier options are re-stated in this contribution, with further details on co-existence and migration.

The spectrum emissions for a baseband signal are shown in Annex A and compared to the base station mask in TS 25.104 and the FCC limits. Migration scenarios are shown in Section 2 and further developed in detail in Annex B for GSM and Annex C for CDMA2000.

2 Migration scenarios

When migrating a legacy system to LTE by adding an LTE carrier inside a deployed spectrum allocation, two principles can be used:

· Migration at the edge of the allocation: In this scenario one or a few carriers are taken from the edge of the spectrum allocation and used for an LTE carrier. The RF emissions of the LTE carrier towards the band edge must meet the requirements of any non-coordinated adjacent system. For the RF emissions towards the legacy carriers inside the deployed spectrum the situation is however different. If LTE is deployed coordinated with the legacy system (co-sited), it is possible to have higher emission levels between the two systems without significant loss of performance. The spectrum emissions can even be partially overlapping in some cases. This is a well known property of tightly power controlled systems such as WCDMA and CDMA2000. As mentioned in [2] some of the coordinated interference scenarios for LTE may require further studies.
· Migration inside the allocation (“sandwiched” deployment): In this scenario, one or a few carriers are taken inside the spectrum location and used for an LTE carrier. In this case LTE will be “surrounded” by the legacy system, and the relaxed situation described above will apply for both sides of the LTE carrier. For a co-ordinated deployment, this enables “tight” packing of LTE and the legacy system.
2.1 Examples of GSM migration scenarios

Since a GSM deployment uses a relatively large number of narrowband carriers, placed on a 200 kHz grid, it fundamentally provides a 200 kHz granularity of spectrum for migration to LTE. From this point of view it is not of high importance whether the lower bandwidth LTE carrier option has 1.4 MHz, 1.8 MHz or any other similar RF bandwidth.
Annex B demonstrates what the migration looks like for an example 5 MHz GSM deployment. The migration is illustrated for both the 1.4 MHz bandwidth option in [1] and the 1.8 MHz bandwidth option [2]. The difference is that two more GSM carriers are taken into account for the 1.6 MHz option, both for an “edge migration” and a “sandwiched migration”. As expected, the conclusion is that both bandwidth options facilitate an efficient migration from GSM.
Table 1 Migration of GSM carriers to LTE in a coordinated scenario. 
Numbers are valid both for “edge” and “sandwiched” deployments.
	LTE RF bandwidth
	Resource blocks
	GSM carriers taken for migration (coordinated)

	1.4 MHz
	6
	6

	1.8 MHz
	8
	8


2.2 Examples of cdma2000 migration scenarios
CDMA2000 is specified with a 1.25 MHz RF bandwidth, but deployments can look quite different depending on the level of co-ordination that is done between operators. Without co-ordination, there can normally be 3 carriers in an example 5 MHz allocation as illustrated in Annex C. With a higher level of coordination with adjacent operators, it is however possible to squeeze 4 carriers into a 5 MHz allocation.

Migration for CDMA2000 is illustrated in Annex C both for “edge” and “sandwiched” scenarios:

· “Edge” scenario with 3 CDMA2000 carriers: A 1.8 MHz carrier with 8 RBs fits well in this scenario, replacing one CDMA2000 carrier. The 1.4 MHz option would clearly work too (as pointed out in [2]), but it would give 25% lower peak rate and capacity, since it only provides 6 RBs instead of 8.
· “Sandwiched” scenario with 4 CDMA2000 carriers: It is correctly pointed out in [2] that the 1.4 MHz RF bandwidth works with both 3 and 4 CDMA2000 carriers in 5 MHz. It is clear also that a 1.8 MHz RF carrier with 8 RBs would not fit into a scenario with 4 carriers. It is therefore proposed here to define L1 parameters also for a 6 resource block mode, but using the same RF implementation as for 1.8MHz and 8 RBs.

· “Edge” scenario migrating 2 out of 3 CDMA2000 carriers: A 3.0 MHz carrier with 15 RBs fits well in a scenario where 2 CDMA2000 carriers are migrated to LTE.

The scenarios are summarized in Table 2below.

Table 2 Summary of studied CDMA2000 migration scenarios.

	Reference
	CDMA2000 carriers taken for the migration (coordinated)
	LTE RF bandwidth
	Resource blocks (RBs)

	Based on proposal in [2]
	1 (“edge”)
	1.4 MHz
	6

	
	1 (“sandwiched”)
	1.4 MHz
	6

	
	2 (“edge”)
	2.4 MHz
	12

	Based on proposal in [1]
	1 (“edge”)
	1.8 MHz
	8

	
	1 (“sandwiched”)
	1.8 MHz
	6

	
	2 (“edge”)
	3.0 MHz
	15


The co-ordinated migration scenarios with CDMA2000 and LTE may need some further study of the downlink LTE ( CDMA2000 interference impact, as is the case also for the 1.4 MHz option which is also mentioned in [2].
2.3 Unpaired spectrum allocations

For unpaired spectrum it is stated in TR 25.913 that a lower bandwidth option is needed that can co-exist and migrate from 1.28 Mcps UTRA TDD which is defined with a 1.6 MHz RF bandwidth. The properties of a proposed 1.6MHz carrier with 8RBs are investigated in [2] and it is proven difficult for a high power BS under those constrains. 

As is shown in this contribution, 8RB can operate with a 1.8 MHz RF bandwidth. If such a carrier can be deployed with 0.8 MHz spacing from a 1.28 Mcps UTRA TDD carrier, it would also work as an efficient LTE carrier for migration of unpaired spectrum. In this way there could be a single RF carrier option defined for migration in paired and unpaired spectrum.
3 Conclusion
This paper demonstrates the spectrum emissions of 1.8 MHz and 3.0 MHz carrier options for LTE. A number of migration scenarios from GSM and CDMA2000 deployments are shown. While the exact RF bandwidth is not of very high importance for the GSM scenarios, it is shown that the proposed 1.8+3.0 MHz carrier proposal is more efficient for CDMA2000 migration than the 1.4+2.4 MHz option proposed in [2].
It is therefore proposed to further study the 1.8 MHz carrier with 8RB and 3.0 MHz carrier with 15RB as viable options for the lower bandwidth LTE carriers.
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Annex A. Baseband performance for 1.8 MHz and 3.0 MHz RF bandwidths
The proposal for lower bandwidth LTE options in [1] and in this paper is based on the parameters in Table 3, which also shows the resulting spectrum occupancy. As pointed out in [2], it is difficult to reach 90% occupancy for the bandwidths below 5 MHz, especially for the smallest bandwidth.

Table 3 Spectrum occupancy for the proposed lowe bandwidth options.
	LTE RF bandwidth
	Resource blocks (RBs)
	Spectrum occupancy

	1.8 MHz
	8
	80%

	3.0 MHz
	15
	90%


The plots in Figure 1 and Figure 2 show the baseband PSD based on simulations of a transmitter. The simulation assumptions are shown in Table 4 and are similar to the ones used in [2].

Table 4 Parameters for the PSD plots
	Parameter
	Value

	Emission limits for unclipped BB signal
	>10 dB margin to 25.104 and FCC masks

	BS maximum TX power
	46 dBm

	Used modulation on the  RBs
	1x16QAM  
(64 QAM gives same PSD)

	Digital BB signal representation
	Floating point

	Analog BB impairments
	Not modeled

	EVM for unclipped BB signal (e.g. due to ISI from TX filters)
	1% / -40 dBc

2% max per RB

	Over-sampling rate
	1x

	Spectrum shaping 
	a)   FIR at 1x

b) Time-domain triangular windowing


Figure 1 shows the PSD of the baseband signal for the 1.8 MHz option. The base station spectrum mask from TS 25.104 is shown for comparison. The applicable FCC limits [3] for out-of-band emissions of a 1.8 MHz carrier are also included. Both limits are met with a margin exceeding 10 dB. The carrier positions of coordinated and uncoordinated GSM-carriers as illustrated in Annex B are also shown for reference. Figure 2 shows the PSD for the 3.0 MHz option, with the same reference limits and GSM carrier positions as reference.
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Figure 1 PSD of baseband signal for LTE with 8 resource blocks in 1.8 MHz RF bandwidth. Possible positions of coordinated and uncoordinated GSM carriers are illustrated to the left.
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Figure 2 PSD of baseband signal for LTE with 15 resource blocks in 3.0 MHz RF bandwidth. Possible positions of coordinated and uncoordinated GSM carriers are illustrated to  the left.
Annex B. Migrations scenarios for GSM

The example GSM deployment used in this Annex is illustrated in Figure 3. Throughout this Annex GSM carriers are illustrated as schematic 200 kHz wide carriers (blue). Note that in a GSM deployment all carriers are not used in every cell, so the shapes illustrate possible carrier positions only, not active carriers. The LTE carrier is illustrated by boxes (green), each 180 kHz wide box corresponding to a resource block. The total RF bandwidth of the LTE signal is illustrated as a dashed box and the carrier centre by a dashed line.
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Figure 3 Example GSM allocation in 5MHz, showing the 24 possible carrier positions in the band

Two migration scenarios for the 1.4 MHz LTE carrier proposed in [2] is illustrated in Figure 4. The first one shows an “edge” migration and the second one a “sandwiched” one. Note that 6 GSM carriers are taken for the introduction of the 1.4 MHz LTE carrier for both scenarios. The lighter blue carrier positions can only be deployed in the coordinated case.
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Figure 4 LTE carrier 6RB/1.4 MHz and GSM (same as R4-061249)
The corresponding two migration scenarios for the 1.8 MHz LTE carrier proposed in [1] and in this paper are illustrated in Figure 5. In this case 8 GSM carriers are taken for the introduction of the 1.8 MHz LTE carrier for both scenarios. Also here, the lighter blue carrier positions can only be deployed in the coordinated case.
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Figure 5 LTE carrier 8RB/1.8 MHz and GSM
Annex C. Migration scenarios for CDMA2000

The RF requirement for the “1.25 MHz” CDMA2000 carrier as specified in 3GPP2 [4] does not have emission limits starting at +/-625 kHz. The limits start at +/-750 kHz or at +/-885 kHz depending on the operating band. What in 3GPP is referred to the “FCC limits” (based on CFR 47 Part 24 [4] for the PCS1900 band) start at +/-1.25 MHz. 

This implies that what is termed “RF bandwidth” for LTE or WCDMA is not defined in the same way as the 1.25 MHz bandwidth for CDMA2000. The RF bandwidth would be 1.5 or 1.73 MHz if it is defined as the starting point where RF requirements are defined. If it is defined as the point where FCC limits are met (enabling uncoordinated deployment in adjacent allocations), the RF bandwidth of CDMA2000 is 2.5 MHz.
But for typical CDMA2000 deployments in the 1900 band, a carrier spacing of 1.25 MHz is used and 3 carriers can fit into a 5 MHz allocation. There would be ½ carrier “guard” at each band edge, thus meeting the FCC limits in adjacent bands. This is illustrated below in Figure 6. Note that because of the way limits are defined, there is actually an overlap between carriers, but the resulting performance loss is quite low for coordinated CDMA carriers that overlap.

If the base stations meet tighter limits than the specifications and/or some degree of co-ordination is done with the operator in the adjacent block, it is possible to squeeze 4 carriers into 5 MHz in some cases, as shown in the other example in Figure 6.
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Figure 6 Example CDMA2000 deployments in 5 MHz using 3 and 4 carriers.
The different way that CDMA2000 can be deployed leads to many different migration scenarios. It is stated in [2] that using a 1.4 MHz carrier with 6 RBs, migration was possible for both deployments in Figure 6. Here we will show that migration using a 1.8 MHz carrier with 8 RBs can be more efficient in some cases.

Migration for the 3-carrier deployment case is shown in Figure 7. The first step shows that the 1.8 MHz carrier fits well into the space left by on CDMA2000 carrier plus the ½ carrier guard band. Since we now fit 8 RBs in for the first CDMA2000 carrier, the deployment becomes more efficient than using a 6 RB (1.4 MHz) carrier as proposed in [2], which has 25% lower capacity and peak bit rate.

In the second step in Figure 8, two CDMA2000 carriers are replaced by a 3.0 MHz carrier with 15 RBs. This is also a more efficient migration step than the 12 RB (2.4 MHz) proposed carrier in [2].
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Figure 7 LTE carrier 8RB/1.8 MHz and CDMA2000
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Figure 8 LTE carrier 15RB/3.0 MHz and CDMA2000
For the deployment with 4 CDMA2000 carriers in 5 MHz, there is not very much spectrum made available by migrating a single CDMA2000 carrier as shown in Figure 9. Using an 8 RB LTE carrier would give a quite large overlap in this scenario. It is therefore proposed to introduce also a 6 RB mode of the 1.8 MHz carrier where the two edge resource blocks are not used. It implies that physical layer parameters are defined for this 6 RB mode, while still aiming at the same RF implementation as for the 8 RB mode. It would be possible to have somewhat stricter limits on the two edge RB that are not used, but that is for further study. 

Note that from a co-existence point-of-view, the scenario in Figure 9 is the same as for the 1.4 MHz carrier with 6RB as described in [2].
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Figure 9 LTE carrier 6RB/1.8 MHz and CDMA2000
Note also that the co-ordinated migration scenarios with CDMA2000 and LTE may need some further study of the downlink LTE ( CDMA2000 interference impact, as is the case also for the 1.4 MHz option which is also mentioned in [2].
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