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1.
Introduction

A number of contributions on lower LTE RF bandwidth options (less than 5 MHz) were presented. For example, it was proposed in [1] that lower RF bandwidth options include 1.4 and 2.6 MHz (with 6 and 12 resource blocks, respectively) for paired spectrum. In [2], 1.8 and 3.0 MHz bandwidth options (with 8 and 15 resource blocks, respectively) are suggested for paired spectrum.
In this contribution, the two proposals and 1.4/3.0 MHz bandwidth option are examined from GSM/cdma2000 migration perspective.
2.
GSM Migration
For GSM, the carrier spacing which equals the frequency raster is 200 kHz for all operating bands. When a GSM network starts to migrate to LTE, a portion of GSM carriers will be cleared for LTE usage. If the LTE traffic demand during the initial migration is low and the GSM traffic is still high, a LTE bandwidth less than 5 MHz could be preferred. Therefore, the lower LTE bandwidth options should be a multiple of 200 kHz. If the three options (i.e., 1.4/2.6 MHz, 1.8/3.0 MHz and 1.4/3.0 MHz options) can meet appropriate spurious emission mask and local regulatory out-of-band emission limits, the proposals are logical choices.
In the band edge, 6 GSM carriers need to be cleared to deploy a 1.4-MHz LTE carrier while 8 GSM carriers need to be cleared to deploy a 1.8-MHz LTE carrier. In the “sandwiched” case where the cleared GSM channels are surrounded by GSM carriers, the number of required GSM carriers is identical to that in the band edge case.

3.
cdma2000 Migration
The cdma2000 systems in Operating Band V (the 850 MHz cellular Band, i.e., Band Class 0 Band Subclass 0 defined in [3]) and Operating Band II (the 1900 MHz PCS Band, i.e., Band Class 1 defined in [3]) have different channel bandwidths and guard bands at block edges. As a result, it is reasonable to discuss the CDMA850 and CDMA1900 migration scenarios separately. 
Because cdma2000 in Operating Band IV (the AWS Band, i.e., Band Class 15 defined in [3]) has the same channel bandwidth (1.25 MHz) and block-edge guard band as CDMA1900, the CDMA1900 migration scenario provided in Section 3.1 can be applied to the AWS Band. Since the other cdma2000 band classes (Band Classes 2-14, 16 and 17) defined in [3] have the same channel bandwidth (1.25 MHz) as CDMA1900 but different block-edge guard bands from CDMA1900, the cdma2000 migration for the other band classes could be different from CDMA1900. Here, we focus on CDMA850 and CDMA1900 migrations.
3.1
CDMA850 Migration Scenarios
The CDMA850 band plan is shown in Figure 1. It should be noted that the bandwidth of the A’ Band is 1.5 MHz and the bandwidth of the B’ Band is 2.5 MHz. In the 850 MHz, the CDMA channel raster is 30 kHz and the CDMA channel spacing is 1.23 MHz. The typical A-Band CDMA850 channel number and downlink frequency assignments (in order) are: 283 (877.875-879.105 MHz), 242 (876.645-877.875 MHz), 201 (875.415-876.645 MHz), 160 (874.185-875.415 MHz), 119 (872.955-874.185 MHz), 78 (871.725-872.955 MHz), 37 (870.495-871.725 MHz) and 691 (890.115-891.345 MHz). These CDMA850 channels are the preferred set of frequency assignments for Spreading Rate 1 specified in 3GPP2 C.P0057 [3]. 
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Figure 1: 850 MHz band plan (Operating Band V)

If CDMA850 Channel 37 at the lower band edge is cleared, 1.495 MHz is available for deploying lower LTE bandwidth options (< 5 MHz). The 1.4 MHz bandwidth option can be fit into the 1.495 MHz band, but the 1.8 MHz bandwidth option cannot be accommodated. When CDMA850 Channels 37 and 78 at the lower band edge are cleared, the available bandwidth is 2.725 MHz into which one 2.6-MHz LTE channel can be fit. On the other hand, the 2.725 MHz band can accommodate one 1.8-MHz LTE channel. When CDMA850 Channels 37, 78 and 119 at the lower band edge are cleared, the available bandwidth is 3.955 MHz into which one 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 3.955 MHz band can accommodate one 3-MHz LTE channel. Whether one 1.4-MHz and one 2.6-MHz LTE channels could be squeezed into a 3.955 MHz band depends on the impact of inter-system interference on both collocated systems and needs further study. It is assumed that both 1.4/2.6 MHz and 1.8/3.0 MHz options can meet appropriate spurious emission mask and local regulatory out-of-band emission limits.
If CDMA850 Channel 283 at the upper band edge is cleared, 2.125 MHz is available for deploying lower LTE bandwidth. Both 1.4 MHz and 1.8 MHz bandwidth option can be fit into the 2.125 MHz band. When CDMA850 Channels 283 and 201 at the upper band edge are cleared, the available bandwidth is 3.355 MHz into which one 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 3.355 MHz band can accommodate one 3-MHz LTE channel.
In the sandwiched case, one CDMA850 channel cleared generates an available bandwidth of 1.23 MHz into which one 1.4 MHz LTE option (with 6 resource blocks at 1.08 MHz) could be squeezed for the coordinated scenario. Although the 1.4 MHz LTE channel in the sandwiched case does not have to meet the regulatory out-of-band emission limits, but the impact of inter-system interference between LTE and cdma2000 needs further study. Two CDMA850 carriers (2.46 MHz) must be cleared to deploy one 1.8-MHz LTE channel, which typically has a less spectrum usage than the band edge case. In addition, it is observed that one 1.4-MHz bandwidth option with a proper emission mask could fit into the A’ Band with a 1.5 MHz bandwidth but the 1.8 MHz bandwidth option cannot be accommodated in the A’ Band.
The typical B-Band CDMA850 channel number and downlink frequency assignments are: 384 (880.905-882.135 MHz), 425 (882.135-883.365 MHz), 466 (883.365-884.595 MHz), 507 (884.595-885.825 MHz), 548 (885.825-887.055 MHz), 589 (887.055-888.285 MHz), 630 (888.285-889.515 MHz) and 777 (892.695-893.925 MHz).  These CDMA850 channels except 630 are the preferred set of frequency assignments for Spreading Rate 1 specified in [3].  If CDMA850 Channel 630 at the upper band edge is cleared, 1.715 MHz is available for deploying lower LTE bandwidth. The 1.4 MHz bandwidth option can be fit into the 1.715 MHz band, but the 1.8 MHz bandwidth option cannot be accommodated. When CDMA850 Channels 589 and 630 at the upper band edge are cleared, the available bandwidth is 2.945 MHz into which 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 2.945 MHz band can accommodate one 1.8-MHz LTE channel.
If CDMA850 Channel 384 at the lower band edge is cleared, the available bandwidth is 2.135 MHz is for into which one 1.4 MHz or one 1.8 MHz LTE channel can be fit. When CDMA850 Channels 384 and 425 at the lower band edge are cleared, the available bandwidth is 3.365 MHz into which one 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 3.365 MHz band can accommodate one 3-MHz LTE channel. 
The available bandwidth (after clearing CDMA850 channels) versus spectrum usage for the 1.4/2.6 MHz, 1.8/3.0 MHz and 1.4/3.0 MHz LTE bandwidth options is summarized in Table 1. The spectrum usage with guard tones is defined as the ratio of the LTE bandwidth with guard tones to the available bandwidth while the spectrum usage without guard tones is defined as the ratio of the total resource block bandwidth without guard tones to the available bandwidth. For example, if the available bandwidth is 1.495 MHz, the spectrum usage with guard tones for 1.4 MHz option equals 1.4/1.495 = 93.6% while the spectrum usage without guard tones for 1.4 MHz option equals 6*0.18/1.495 = 72.2%. Considering all CDMA850 migration scenarios, the 1.4/2.6 MHz bandwidth option has a higher average spectrum usage than the 1.8/3.0 MHz and 1.4/3.0 MHz bandwidth options.
Table 1:  Available bandwidth (after clearing CDMA850 channels) versus spectrum usage for the 1.4/2.6 MHz, 1.8/3.0 MHz and 1.4/3.0 MHz LTE bandwidth options
[image: image4.wmf]1930

1990 MHz

C

Block

D 

Block

1850

1890

1865

1895

A 

Block

F 

Block

1870

1910

(Not to Scale)

B 

Block

E

Block

C

Block

D 

Block

A 

Block

F 

Block

B 

Block

E

Block

1885

1970

1945

1975

1950

1965

•

Uplink

•

Downlink


3.2
CDMA1900 Migration Scenarios
The CDMA850 band plan is shown in Figure 1. In the 1900 MHz, the CDMA channel raster is 50 kHz and the CDMA channel spacing is 1.25 MHz [3]. For each CDMA1900 block, there exists a 625 kHz guard band on each side of the block edges. 
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Figure 2: 1900 MHz band plan (Operating Band II)

If one CDMA1900 channel at the block edge is cleared, 1.875 MHz is available for deploying lower LTE bandwidth options. One 1.4 MHz or 1.8 MHz LTE channel can be fit into the 1.875 MHz band. When two CDMA1900 channels at the band edge are cleared, the available bandwidth is 3.125 MHz into which one 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 3.125 MHz band can accommodate one 3-MHz LTE channel. When 3 CDMA1900 channels at the A, B or C Block edge are cleared, the available bandwidth is 4.375 MHz into which one 2.6-MHz LTE channel or two 1.4-MHz LTE channels can be fit. On the other hand, the 4.375 MHz band can accommodate one 3-MHz LTE channel. When 3 CDMA1900 channels at the D, E or F Block are cleared, the available bandwidth is 5 MHz

For the sandwiched case in the A, B or C Block, one CDMA1900 channel cleared generates an available bandwidth of 1.25 MHz into which one 1.4 MHz LTE option (with 6 resource blocks at 1.08 MHz) could be squeezed for the coordinated scenario. Although the 1.4 MHz LTE channel in the sandwiched case does not have to meet the regulatory out-of-block emission limits, but the impact of inter-system interference between LTE and cdma2000 needs further study. Two CDMA1900 carriers (2.5 MHz) must be cleared to deploy one 1.8-MHz LTE channel, which typically has a less spectrum usage than the band edge case.
The available bandwidth (after clearing CDMA1900 channels) versus spectrum usage for the 1.4/2.6 MHz, 1.8/3.0 MHz and 1.4/3.0 MHz LTE bandwidth options is summarized in Table 2. Considering all CDMA1900 migration scenarios, the 1.8/3.0 MHz option has a higher average spectrum usage than the 1.4/2.6 MHz and 1.4/3.0 MHz options.
Taking into account CDMA850 and CDMA1900 migration scenarios, it is observed that the 1.4/3.0 MHz bandwidth option has the highest overall spectrum usage averaged over the 850 and 1900 MHz bands.
Table 2:   Available bandwidth (after clearing CDMA1900 channels) versus spectrum usage for the 1.4/2.6 MHz, 1.8/3.0 MHz and 1.4/3.0 MHz LTE bandwidth options
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4.
Conclusions

In this contribution, we have examined three lower LTE bandwidth options (1.4/2.6 MHz option, 1.8/3.0 MHz option and 1.4/3.0 MHz option) from GSM/cdma2000 migration and paired spectrum viewpoints. The above study indicates that:

· the 1.4/3.0 MHz bandwidth option has the highest overall spectrum usage averaged over the 850 MHz and 1900 MHz bands,
· the 1.4/2.6 MHz bandwidth option has the highest spectrum usage in the 850 MHz band,
· the 1.8/3.0 MHz bandwidth option has the highest spectrum usage in the 1900 MHz band. However, the 1.8/3.0 MHz option cannot be fit into the A’ Band, the lower A”+A band edge with one CDMA carrier cleared, or the upper B Band edge with one CDMA channel cleared. 
In light of these reasons, the 1.4/3.0 MHz bandwidth option is a more logical candidate than the 1.4/2.6 MHz and 1.8/3.0 MHz bandwidth options, assuming that their emission masks can meet appropriate spurious emission mask requirements and local regulatory emission limits.
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