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1 Introduction
This contribution looks at the associated impact on the TX and Rx performance requirements in terms of the different bandwidth options and offers some options to address this key requirement for LTE when there is an RF performance concern. 
2 Background
Investigation indicates that the applicability of the different scalable bandwidth options is directly affected by the centre frequency, the duplex distance, the pass bandwidth and the duplex gap defined for each operating band. These keys parameters are indicated for the current operating bands defined in 3GPP in table 1 below
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I 1920 1980 2110 2170 190 60 130

II 1850 1910 1930 1990 80 60 20

III 1710 1785 1805 1880 95 75 20

IV 1710 1755 2110 2155 400 45 355

V 824 849 869 894 45 25 20

VI 830 840 875 885 45 10 35

VII 2500 2570 2620 2690 120 70 50

VIII 880 915 925 960 45 35 10

IX 1750 1785 1850 1880 100 35 65

X 1710 1770 2110 2170 400 60 340

Impacts RF performance + filter loss

Operating 

Band


Table 1: Operating band RF characteristic
For example if we compare Band I (UMTS2100) with Band VII (UMTS2600) as shown below we can see the differences are more critical in terms of the above mentioned key parameters. In the case of scaleable bandwidth (2.5, 5, 10, 15, 20) the issue is more significant as the UE transmitter spurious emission and noise is proportional to the bandwidth increase (as per RAN4 conclusions in the LTE study item). Additionally, as the receiver bandwidth would also increase so the "effective" duplex distance would reduce for the high bandwidth options. This scenario can be considered as similar to VDT (Variable Duplexer Technology) where previous consensus in RAN4 was this was only applicable for certain operating bands where the duplex distance or TX to RX channel spacing was large.


Figure 1 Band 1 and Band VII spectrum
3 Analysis Methodology
In order to investigate these differences we consider the key mechanisms which have an impact on the RF performance due to a change in scalable bandwidth. The conceptual transceiver block diagram of Figure 2 illustrates the two transmit spurious performance limiting the Rx interference cases of interest. 

a) Receive interference due to a co-located transmitter – TX spurious emissions falling in the co-located closest RX frequency, violating the spurious emission specification
b) Receiver desense due to self interference –  TX spurious emission falling on the duplex receive channel creating self-desense from the associated transmitter operating on the same platform 
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Figure 2: Conceptual transceiver block diagram
3.1 Receive interference due to a co-located transmitter

This is normal scenario for UE to UE co-existence when the spurious emission from a 10 or 20 MHz TX channel at the top edge of each TX band will impact a 5 MHz channel at the bottom edge of each RX band.  This represents a worst case scenario of max TX scalable bandwidth; min RX scalable bandwidth and maximum transmit power. Currently this requirement is defined in the 3GPP standard in terms of additional spurious emission requirement (i.e. general protection criteria of -60dBm /3.84 MHz is used to address co-located UEs operating in different bands). Preliminary analyses for the different operating bands lead to the following conclusions as show in table 2
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(MHz) (MHz) (MHz) (dBc) (MHz) (MHz) (MHz) (dBc)

I 1975 2112.5 137.5 OK I 1970 2112.5 142.5 OK

II 1905 1932.5 27.5 OK II 1900 1932.5 32.5 FFS

III 1780 1807.5 27.5 OK III 1775 1807.5 32.5 FFS

IV 1750 2112.5 362.5 OK IV 1745 2112.5 367.5 OK

V 844 871.5 27.5 OK V 839 871.5 32.5 FFS

VI 835 877.5 42.5 OK VI - - - - - - - - - - - -

VII 2565 2622.5 57.5 OK VII 2560 2622.5 62.5 OK

VIII 910 927.5 17.5 FFS VIII 905 927.5 22.5 NO

IX 1780 1847.5 67.5 OK IX 1775 1847.5 72.5 OK

X 1765 2112.5 347.5 OK X 1760 2112.5 352.5 OK

Band Band

10 MHz BW Channels 20 MHz BW Channels


Table 2: Receive interference due to co-located transceiver
 In general this level of protection is not a significant issue to meet, however in the future it may be preferable to set up a technical procedure to justify the values particularly when considering new operating bands and larger TX bandwidths.  As UE to UE co-existence is dependant on the probability of maximum power, minimum duplex distance and sensitivity we would like to propose for further work a more realistic model based on the hot spot deployment scenario as proposed in [1]

3.2 Receive desense due to self interference 

It is well understood that simultaneous operation of the FDD transmitter can result – via spurious emission a reduction in the receiver sensitivity due to self-interference process. Preliminary analyses for the different operating bands lead to the following conclusions as show in Table 3
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(MHz) (dB) (MHz) (dB)

I 190 OK I 190 OK

II 80 OK II 80 15

III 95 OK III 95 15

IV 400 OK IV 400 OK

V 45 15 V 45 30

VI 45 15 VI - - - - - -

VII 120 OK VII 120 10

VIII 45 15 VIII 45 30

IX 95 OK IX 95 15

X 400 OK X 400 OK

10 MHz BW Channels 20 MHz BW Channels
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Table 3 RX Desense due to TX spurious emission 

(Last column represents dB reduction in filter stop band or reduction in interference needed to meet 3GPP requirements)
In this case there is no single generic solution and therefore the maximum allowed scalable transmission bandwidth (i.e. 20 MHz) would depend on the operating band.  In particular the following conclusion can be reached

· Due to the close duplex spacing, even a 10 MHz TX channel is an issue for bands V, VI, and VIII.
· 20 MHz channels are unusable for all but Bands I, IV, and X without major filtering improvements

· Band VII requires a minimum 10 dB performance improvement.
4 Proposal 

From the results presented in Table 3 Rx desense represents a major implementation issue in terms of additional filtering for TX bandwidth greater than 5 MHz. Filtering improvements in the range of 10, 15 and 30 dB represent significant complexity, size and performance hurdles (TX power, RX sensitivity, TRP, TRS, size are degraded). 
One aspect that also needs to be considered is that multi-mode operation will be a key enabler for LTE deployment. In which case if a UE supports UMTS/LTE in the same operating band this tighter requirement would have a negative impact in terms of UMTS RF performance since the additional filtering losses will also be appropriated for the 5 MHz UMTS channel since the RF filters will be common to all modes. Such a performance loss would impact legacy deployments. The alternative of providing separate RF paths for the different modes (UMTS/LTE) will be prohibitive due to cost complexity and size issues and cannot be considered as a viable implementation solution
In order to address this aspect the following solutions can be considered which are described; 
· Maximum TX channel bandwidth for each operating band
· Scheduler assigned TX channel bandwidth conditioned on UE status
· Maximum Reduction in Sensitivity (MRS) 

4.1 Maximum TX channel bandwidth for each operating band
One option would be to specific a maximum TX bandwidth for each operating bands in- order to ensure the RX sensitivity or REF_SENS does not degrade with the TX band or number of RBs used in the associated UL. The proposed maximum TX bandwidth is shown in Table 4
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I 20

II 10
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IV 20

V 5
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IX 10
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Table 4: Maximum TX Bandwidth for each operating band without 3GPP spec relaxation
The is a simple solution but may be over conservative since in most deployment scenarios the data rate on the UL and DL may not be symmetrical and hence require a 1:1 equivalence in TX and RX Resource Block allocation. Also restricting the TX bandwidth on the assumption that reference sensitivity must be maintained may not be a relevant scenario for an interference limited scenario or in the case of a hot spot scenario where a high Rx SNR and low Tx power is the norm (reference HSPA+ deployment scenarios for 64QAM/16QAM). For example in these hot spot or small cell WLAN deployment scenarios it would be useful to support the high UL data rates as identified in 25.913
4.2 Scheduler assigned TX channel bandwidth

This option would be for the Node-B scheduler to use the RX sensitivity info (as captured in the 3GPP UE specifications) and likely CQI information to decide how many resource blocks to allocate to a UE.  For UE's close to the cell the assumption is that the UE can still decode a control channel and receive its data transmission since its achievable SINR is still sufficient even with the self interference cause by an uplink 20MHz transmission.  Of course the scheduler can allocate enough control channel resources and choose a low enough MCS for the downlink data transmission to ensure sufficient SINR for the expected level of self interference (as determined from the generic knowledge of self interference level vs. transmit bandwidth characteristic) when a UE’s transmission is scheduled to overlap with its scheduled downlink transmission.
Alternatively, the Node-B scheduler can decide to schedule the uplink transmissions orthogonal (in time) to the downlink and hence allow the UE to transmit with 20MHz bandwidth (or bandwidth larger than Table 4 above) no matter the UE's proximity to the cell and available SINR margin.
4.3 Maximum Reduction in Sensitivity (MRS) 

This option would be to define UE behaviour in terms of an allowed Maximum Reduction in Sensitivity (MRS) which could be a function of the UL TX RB allocation (T bandwidth) and UL TX maximum output power.  This option would allow an increase in the scheduled tx bandwidth as specified in Table 4 for some operating bands where a reasonable level of desense (based on further study) is deemed acceptable from a performance and deployment perspective. This option has a number of benefits which are

· Additional filtering would not be required. If such additional filtering were used it would have a negative impact for single and dual mode implementation and would affect legacy UMTS performance. 
· Addressing the tradeoff of throughput vs. cost and complexity. 

· Defining a UE behavior which can be used to support a number of deployment scenarios and scheduler behavior. 

In general this MRS approach could take into account the flexibility of LTE in providing a reference sensitivity for noise or coverage limited scenarios for low RB allocation and sensitivity reduction based on MRS approach in interference limited or hot spot environment where the benefits of high UL data rate can be offered and where the reference sensitivity can be relaxed.    
5 Conclusion
The applicability of the different scalable bandwidth options is directly affected by the centre frequency, the pass band bandwidth and duplex gap defined for each operating band and could lead to a Tx spurious emission and receiver desense issue.  In order to mitigate these aspects a number of options are proposed which could then support higher UE transmit bandwidths for some operating bands.
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