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Discussion
1 Introduction

The previously submitted R4-101750 [5] and R4-102649 [6] presented the challenges on the receiver operation, the requirements on the filter and the assumptions on the maximum allowable interference at UE antenna. This contribution provides the additional information on the determination of the filter requirements.
Both R4-101750 [5] and R4-102649 [6] propose 1 MHz guard Band as shown in Figure 1.
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Figure 1: Band 12 with 1MHz Guard Band (Solution B in R4-101750)
2 Filter Model
The filter requirement of a duplexer can be grouped into three sets:

1) Tx to antenna

2) Antenna to Rx

3) Tx to Rx isolation

Tx to antenna requirements can be placed out of discussion for Band 12 as pointed out in R4-101750 [5] and R4-102649 [6]. In addition, we see that we can achieve good Tx to Rx isolation similar to Band 5 and Band 8 therefore this is also placed out of discussion for Band 12. We focused antenna to Rx requirements especially the rejection of Block E, Block D, Channel 50 and Channel 51.
Since Block D and Block E will stay in the transition region, we defined the rejection amount as the average attenuation by integration over the frequency ranges of each blocks as shown in Figure 2. The purpose is to limit the overall energy of the interferers. The rejection of Channel 50 and Channel 51 are specified as minimum attenuation.
We studied two types of filters from multiple vendors. These are classified as

1) SAW filters

2) BAW filters

Both BAW and SAW filters are subject to process and temperature variation. These variations cause the frequency drift of the filter’s frequency response. The variations of BAW and SAW filters without any compensation can result in +/-2MHz drift within -20 to 85 C at 700 MHz. In other words, the center frequency of the filters can move up or down 2 MHz. At high temperature, the average attenuation of Block E and Block D drops significantly as shown in Figure 2.
The fundamental Band 12 specific filter requirements are as follows:

1) Maximum insertion loss between pass band boundary

2) Average insertion loss between pass band boundary

3) Minimum average attenuation of Block E

4) Minimum average attenuation of block D

5) Minimum attenuation of Channel 50 and Channel 51.
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Figure 2: Band 12 Rx Filter Model
3 Guard Band

After collecting some filter simulation results from RF component vendor, we observed that the rejection of Block E (the average attenuation of Block E signal) is reduced due to frequency drift of the filter response. The impact is doubled because

1) Filter’s pass band has to be extended to compensate the frequency drift. Therefore the pass band at nominal case includes a part of Block E. In order to compensate +/- 2MHz drift, the pass band of the Rx filter has to change from 728-746 to 726-748. This means that the pass band should be extended 2 MHz inside of Block E. This can be seen clearly in Figure 2.
2) When the filter response drifts 2 MHz at high temperature, then the pass band covers 4 MHz of Block E as shown in Figure 2.

As shown in Figure 3, the rejection of Block E can be improved by combining the followings: (1) Inserting a guard band,; (2) Reducing the frequency drift of the filters, and (3) Increasing sharpness of the filter.
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Figure 3: Optimization of Band 12
It is known that the ownership of the Band 12 among operators is aligned in 6 MHz blocks, Block A, Block B and Block C. Within a 6-MHz Block, 5 MHz LTE can be deployed. This allows us to use 1 MHz for guard band. This is also valid for WCDMA/HSPA. If we consider CDMA1x, again, the occupied spectrum of the channels must be an integer multiple of 1.25 MHz. This also leaves us 1 MHz for guard band. In addition to these facts, the base stations (NodeB, eNodeB) locates the carrier frequency inside as much away from Block E and use the opened spectrum for filtering.
It should be also noted that the gain in Block E rejection, obtained by 1 MHz guard band, depends on the sharpness of the filter and the frequency drift. Figure 3 shows the Block E rejection of three filters. FLT1 and FLT2 has +/-2 MHz frequency drift. FLT3 is frequency drift compensated with the maximum drift of 500 KHz. FLT1 has slower pass band to stop band transition. FLT3 and FLT4 have almost identical sharpness. 
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Figure 4: Block E Suppression of the Rx Filters from Various RF Component Vendors (RFV)
The gains of Block E rejection due to 1 MHz guard band for FLT1, FLT2 and FILT3 are shown in Table 1. The gain of 1 MHz guard band in Block E rejection is higher as the sharpness of the filter increases and as the frequency drift of the filter decreases.
Table 1: The gain in Block E Rejection due to 1 MHz Guard Band
	
	Nominal Condition
	High temperature

	FLT1
	1.9 dB
	1.0 dB

	FLT2
	3.6 dB
	1.5 dB

	FLT3
	5.0 dB
	3.5 dB


4 The Determination of the Filter Requirements

The maximum insertion loss should be kept not worse than 3 dB in order to stay in the conventional range. The average insertion loss can be allowed up to 2 dB. These figures are in line with Band 5 and Band 8 available duplexers.
The remaining requirements to be achieved are the rejection of the TV interferers, namely Channel 50, Channel 51, Block D, and Block E.

R4-102649 [6] assumed a practical receiver with two gain states: high gain state and low gain state. Each gain state is modeled with IIP3 and noise figure. In the absence of the interference, when the wanted signal is low, then the receiver works at high gain state; when the wanted signal is high the receiver can switch to low gain state. When the interference exists at low level, then the gain state can work as described. However, when interference is high, the performance and operation are affected. Some receivers employ interference detection and more than two gain states.
High gain state has lower linearity. Contrary, low gain state has high linearity. The maximum interference level that causes negligible de-sense at high gain state is much lower than the maximum interference level that cause negligible de-sense at low gain state.

De-sense is a relative quantity on the performance degradation. The simulation model in R4-102649 [6] assumes IIP3 and additive noise only. All other impairments are omitted. This allows measuring the direct impact relative to only the receiver noise. R4-102649 [6] constraints the maximum allowable degradation to 0.5 dB in both gain states. 0.5 dB is selected for variations in the simulation measurements and to keep the impact of the interference negligible. Depending on the other impairments for a particular transceiver this number can be set higher values. In this case some filter requirements can be relaxed per specific transceiver. However, at this level of discussion we cannot stand on a solution per a specific transceiver.
The following procedure is followed for the determination of the requirements.

1) We set the filter parameters almost similar to FLT3 in Figure 3. The difference is the frequency drift. The parameters are as follows: Block E average attenuation is 10 dB; Block D average attenuation is 35 dB. Filter pass band frequency range 728-747 MHz; The maximum frequency drift is +/-700 kHz; The attenuation of Channel 50 and 51 is set to 50 dB.
2) Set the wanted signal as 5 MHz LTE within Block A, with center frequency 731.5 MHz.

3) Turn off Channel 50, Channel 51, and Block D interferers. Set the wanted signal level to -56.5 dBm. Find the maximum allowable Block E interference level at UE antenna. 
4) Keep the Block E signal level at UE antenna identical. Turn on Block D, and find the maximum allowable Block D level at UE antenna. 
5) Keep block D and Block E levels identical as in the previous step. Turn on Channel 50 and 51, and find the maximum allowable Channel 50 and Channel 51 levels at UE antenna.

6) Set the center frequency to 737 MHz, and repeat steps 3 to 5. Then set the center frequency to 743 MHz, and repeat steps 3 to 5.
Table 5 in R4-102649 [6] summarizes all fundamental cases and the maximum allowable interference levels. 
5 The Selection of Filter Technology
In general, we do not specify the technology of the filters. It could be BAW or SAW.

6 Conclusion

R4-101750 [5] and R4-102649 [6] show that 1 MHz guard band can provide some room for filter design. R4-102960 [3] list three possible methods to adapt 1 MHz guard band. All of them do not change channel numbering. 
We are proposing to enable 1 MHz unused spectrum piece as guard band for UE.
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