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1 Introduction

TSG RAN  #18 approved a work item [1] for the migration of UTRA services into the 850 MHz band in North America. It was also proposed how the work could be organized, and which already existing information and requirements could be applied in order to avoid duplication of work already carried out within RAN WG4. 

This contribution identifies the main issues, which need to be considered when setting the RF requirements for the UMTS 850 MHz FDD system. Furthermore, a list of the RF requirements, together with suggestions how they could be derived, is presented for 25.104 and 25.101.

2 Discussion of the RF requirements

2.1 Introduction

According to [2], radio requirements for UTRA FDD in the 850 MHz bands (= Band V) should be defined for the following bands (2x25 MHz):

· 824 – 849 MHz: Up-link (UE transmit, Node B receive)
· 869 – 894 MHz: Down-link (Node B transmit, UE receive)

While working with this WI, 3GPP TSG RAN WG4 should consider information made available by Committee T1 (T1P1) concerning deployment scenarios related to the 850 MHz frequency allocation in North America.

In R4-030558  (T1P1.2/2003-052R2), presented at TSG RAN4 #27, the following deployment scenarios have been suggested as a basis for this WI:

1. One WCDMA carrier in 2x5 MHz with geographically uncoordinated deployment on both band edges. This is presumably the worst-case scenario.

2. One WCDMA carrier in 2x10 MHz with geographically coordinated WCDMA and GSM base stations in the same 2x10 MHz allocation. The WCDMA Uplink and Downlink carriers are surrounded by GSM carriers, noted as a "sandwich" concept (GSM/WCDMA/GSM)-as defined during the UMTS 1800/1900 WI. 

3. Two WCDMA carriers in 2x10MHz band with geographically uncoordinated base station deployments on both band edges.

It should be noted, that these are in line with the corresponding deployments scenarios used in the UMTS1900 WI.

2.2 Reusability of UMTS1900 simulation results and requirements

2.2.1 Introduction

Reference [1] suggested that the specification changes introduced for UMTS1900 could be used as the basis for this WI, which would reduce the effort required within 3GPP.  In order to justify this, it needs to be checked to what extent the simulation assumptions and results obtained during the UMTS1900 WI are applicable to the above system scenarios in 850 MHz.

R4-030558, Appendix A (T1P1.2/2003-046R2), has proposed detailed simulation methodology, assumptions and parameters for the UMTS850 WI. More specifically, a macro-cell vehicular propagation model for the 850 MHz band, together with maximum cell radii, BS antenna heights and antenna gains has been defined, for the urban as well as sub-urban case.

2.2.2 Reusability of UMTS1900 simulation results for the DL

Fig. 1 shows the coupling loss (CL) as a function of the normalized cell radius (i.e. the cell radius is normalized to the maximum cell radius
) according to the 850 MHz models (urban, sub-urban) of R4-030558 (T1P1.2/2003-052R2). Also for comparison the CL curves for the propagation model used in the UMTS1900 WI is shown, for the 3-sectorized case (with R = 577 m, inter-site distance = 3*R = 1731 m, antenna gain = 14 dBi), as well as for the omni case (R = 577 m, antenna gain = 11 dBi). The MCL has been assumed as 70 dB for all cases.
Consider now e.g. a UMTS UE becoming interfered on the DL by a GSM BS. This would imply that the UE is far from it’s own serving cell and close to the interfering GSM BS, both regions are marked in Fig. 1. When comparing now the relative interference situation in 1900 MHz vs. 850 MHz, one has to look at the CL differences at the marked areas for both frequencies. One sees that in 850 MHz the CL towards the UE’s serving BS reduces by approximately 10 dB compared to 1900 MHz, but the CL towards the interfering GSM BS reduces much less (e.g. approximately 6 dB at the marked spot), especially under close to MCL conditions, where most interference is generated. Hence, in 850 MHz when compared to 1900 MHz, one obtains a relative net gain when considering  power_serving_BS / power_interfering BS . 

Therefore, one expects somewhat less interference in 850 MHz compared to same situation in 1900 MHz. 

Note, that what counts here is the relative near/far CL differences, not the absolute CL differences for the considered frequencies, the latter ones are obviously much larger.

Furthermore, from these CL curves one should expect slightly less interference for the suburban (R = 1067 m) simulation results compared to the results for urban (R = 533 m) cells. 
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Fig. 1: Normalized CL curves. DL perspective
In order to validate this analysis, DL system simulations according to the simulations parameters of R4-030558 (T1P1.2/2003-046R2), see also Appendix A, have been carried out. The studied case was interference from GSM BS towards the WCDMA UE.

Fig. 2 shows the results for 850 MHz Urban case and Fig. 3 for the sub-urban case; Fig. 4 shows for comparison the corresponding results for UMTS1900 for the above 3-sectorized case (with R = 577 m, inter-site distance = 3*R = 1731 m, antenna gain = 14 dBi). In complete agreement with above simplified CL analysis, it can be seen, that

· Results for 850 MHz are somewhat better than the corresponding results in 1900 MHz; e.g. at 20 dB ACIR we obtain 1.2 % capacity loss for the 850 MHz Urban case and 2 % capacity loss in 1900 MHz. 

· The 850 MHz suburban case is indeed slightly more benign (1.1 % capacity loss) than the urban case.

When comparing these results to the earlier results from the UMTS1900 WI, the following is, however, important to note in addition to the propagation related effects:

1. A large amount of results were generated for the 577 omni case with capacity losses in the order of  4 – 6 % at 25 dB ACIR. 

2. Much larger cell radii (R = 2.4 km) were also studied for the omni and sectorized cases, leading to even more pessimistic results (6 – 10 % capacity loss at 25 dB ACIR) compared to the chosen parameters in 850 MHz.

This lead to the conclusion, that the combined effects of propagation modeling and cell size / sectorisation assumptions, simulation results in 850 MHz will be far more favorable than those obtained in 1900 MHz.
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Fig 2: DL Interference to WCDMA UE from GSM BS, 850 MHz Urban case
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Fig 3: DL Interference to WCDMA UE from GSM BS, 850 MHz Sub-urban case
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Fig 4: DL Interference to WCDMA UE from GSM BS, 1900 MHz sectorized case

2.2.3 Reusability of UMTS1900 simulation results for the UL

Essentially the same analysis as in 2.2.2 applies also for the UL interference cases, Fig. 5 provides an illustration.

Consider now e.g. a UMTS UE interfering on UL a NB system’s BS. This would again imply that the UE is far from it’s own serving cell (thus uses high TX power) and close to the interfering BS, both regions are marked in Fig. 5. Using the same argument as above, one sees that in 850 MHz when compared to 1900 MHz, one obtains a relative net gain for TX_power_of_aggressing_UE / interference_ power_at_victim_BS. Therefore, one expects somewhat less interference in 850 MHz compared to same situation in 1900 MHz due to the fact that the UMTS UE’s transmit (on average) less power, than they come closer (in the CL sense) to their victims.

This predicted behaviour will also here be validated for the case of UL interference from the 850 MHz WCDMA UE towards the IS-95, respective, 1X BS. Parameters are in accordance with R4-030558 (T1P1.2/2003-046R2).

Figs. 6 – 9 show the results. The following can be noted:

1. The interference impact on 1X is slightly higher than for IS-95, however, this may well be due to the lower UL noise rise assumption (5.5 dB) for 1X, which makes this scenario slightly more susceptible to any additional external interference. For all practical purposes, consideration of 1X will not add any additional aspects compared to the IS-95 related studies conducted in the UMTS1900 WI.

2. As predicted by above analysis, the Urban cases perform slightly worse than the suburban cases

3. When comparing to results obtained in the UMTS1900 WI for comparable cell radii (577 m), the 850 MHz results are more favorable.

2.2.4 Summary for the reusability of UMTS1900 WI simulation results for the 850 MHz WI

For the chosen propagation models of R4-030558 (T1P1.2/2003-046R2), simulation results which have been used in identifying requirements for the UMTS1900/1800 WI should provide a robust pessimistic bound for the agreed 850 MHz scenarios under all circumstances. 

Therefore it is proposed that, whenever applicable, the requirements for UMTS 850 MHz FDD are directly derived from the existing release 6 specifications for Band II without any further simulations.
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Fig. 5: Normalized CL. UL perspective
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Fig. 6: UL Interference, UMTS850 UE towards IS-95 BS, Urban case
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Fig. 7: UL Interference, UMTS850 UE towards IS-95 BS, Sub-urban case
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Fig. 8: UL Interference, UMTS850 UE towards 1X BS, Urban case
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Fig. 9: UL Interference, UMTS850 UE towards 1X BS, Sub-urban case

2.3 Specific Node B requirements for UMTS 850 MHz

2.3.1 Co-existence with other systems in Band II and the new 1700/2100 MHz band allocations

It is reasonable to expect that UTRA FDD operating in the 850 MHz band should co-exist with the following systems in the 1900 MHz bands and new 1700/2100 MHz band allocations:
· PCS1900

· UMTS1900

· UMTS1700/2100

Support for co-existence needs to be reflected by requirements for:

· Spurious emissions for co-existence is the same geographical area and for BS co-location.
· Additional blocking requirements for BS co-location
The requirements can be set according to the patterns used in the existing specifications.

2.3.2 Co-existence with other systems in the 850 MHz bands

Reference [2] suggests to consider co-existence with the following other technologies in adjacent frequency bands:

· GSM850

· TIA/EIA-136

· TIA/EIA-95

It should be also noted, that the same set of systems have been considered in the UMTS1900 WI resulting in specific RF requirements such NB blocking / IMD requirements and additional centre frequencies. According to Sect 2.2., the corresponding requirements should be applicable for UMTS850 as well.

Furthermore, spurious emission requirements for co-existence is the same geographical area and for BS co-location as well as additional blocking requirements for BS co-location need to be defined.

2.4 Specific UE requirements for UMTS 850 MHz

2.4.1 Co-existence with other systems in Band II and the new 1700/2100 MHz band allocations

It is reasonable to expect that UTRA FDD operating in the 850 MHz band should co-exist with the following systems in the 1900 MHz bands and new 1700/2100 MHz band allocations:
· PCS1900

· UMTS1900

· UMTS1700/2100

The requirements can be set according to the patterns used in the existing specifications.

2.4.2 Co-existence with other systems in the 850 MHz bands

Reference [2] suggests to consider co-existence with the following other technologies in adjacent frequency bands:

· GSM850

· TIA/EIA-136

· TIA/EIA-95

It should be also noted, that the same set of systems have been considered in the UMTS1900 WI resulting in specific RF requirements such NB blocking / IMD requirements and additional centre frequencies. According to Sect 2.2., the corresponding requirements should be applicable for UMTS850 as well.

2.5 Impact on other UMTS frequency variants

This is not related to this WI, however, it should be noted that appropriate co-existence requirements may need to be formulated also for:

· UMTS1900

· Blocking, spurious emissions, co-location

· UMTS1700/2100

· Blocking, spurious emissions, co-location

3 Required changes to the Specifications

3.1 Required changes to TS 25.104

Required changes in specification TS 25.104 are discussed in Table 1. Requirements which are not shown are applicable to UMTS 850 MHz without any modifications from the existing specifications.

Table 1. Required Changes in TS 25.104 (v 6.2.0)

	Section
	Requirement
	Discussion / Required Changes in TS 25.104 (v 6.2.0)

	4.3
	Regional requirements
	Addition of co-existence / co-location clauses for Band V needed.

	5.2
	Frequency bands


	New operating band 2x25 MHz needs to be added as Band V.

· 824 – 849 MHz: Up-link (UE transmit, Node B receive)
· 869 – 894 MHz: Down-link (Node B transmit, UE receive)


	5.3
	TX-RX frequency separation


	Add this requirement for Band V.

· 45 MHz

	5.4.2
	Channel raster


	Add this requirement for Band V.

· 200 kHz raster, however, there is a need to define additional center frequencies which are shifted 100 kHz relative to the normal raster

	5.4.3
	Channel number


	Existing UARFCN definitions can be used for Band V, however, a table with the additional channels (in MHz) for Band V needs to be added.

· UL: 826.5, 831.5, 836.5, 841.5, 846.5 

· DL: 871.5, 876.5, 881.5, 886.5, 891.5



	6.2
	BS output power


	Existing PRAT definitions can be used for Band V for all BS classes.

	6.6.2.1
	Spectrum emission mask


	Add this requirement for Band V.

· Add same additional requirement from FCC as currently formulated for Band II (-15 dBm/30 kHz) for Band V

	6.6.3.1
	TX Spurious emissions


	Add appropriate tables for Band V.

· Need to be specified according to ITU-R SM.329-10
· Can be based on corresponding Band II requirements.

	6.6.3.2
	Protection of BS receiver of own or different BS


	Add requirements for Band V.

· Add protection of –96 dBm/100 kHz for 824 - 849 MHz to Table 6.10.

	6.6.3.3 – 6.6.3.11
	Spurious emissions / Co-existence requirements


	Add requirements for Band V.

· Requirements for co-existence is the same geographical area and for BS co-location

· Protection of PCS 1900 BS, use Tables 6.22A, 6.23

· Protection of GSM850 BS, use Tables 6.23A, 6.24

· Protection of  UMTS1900

· Formulate additional requirements for UMTS1700/2100



	7.2
	Reference sensitivity level
	Existing REFSENS levels can be used for Band V for all BS classes.

	7.5
	Blocking characteristics


	Add requirements for Band V. Example for WA BS:

· 824 - 849 MHz: -40 dBm / WCDMA signal
· 804 - 824 MHz: -40 dBm / WCDMA signal
· 849 –869 MHz: -40 dBm / WCDMA signal, otherwise –15 dBm
· for other BS classes same pattern as current specification
· NB blocking requirement according to Band II specifications (–47 dBm, GMSK signal @ 2.7 MHz within 824 - 849 MHz for WA BS), same pattern for the other BS classes according to Band II requirements

	7.5.2
	Blocking/Co-location


	Add additional blocking requirements for Band V.

· Co-location with UMTS850 in Band V 

· Co-location with GSM850

· Co-location with PCS1900 

· Formulate an additional requirement for co-location with UMTS1700/2100 

· Same blocker level +16 dBm



	7.6
	Intermodulation characteristics


	Add requirements for Band V.

· Relevant for all BS classes

· Add NB intermodulation requirements as for Band II (-47 dBm CW/GMSK signals @ 3.5 / 5.9 MHz offsets). Same pattern for the other BS classes according to Band II requirements



	7.7.1
	RX Spurious emissions


	Add requirements for Band V.

· Same as for Bands I,II,III



	8, Annex B
	Performance requirement


	Add requirements for Band V.

· In order to keep the requirements consistent, the performance 

requirements of UTRA FDD in 850 MHz band can be defined based on the existing requirements on 2GHz band by scaling the 

velocity used in different propagation models. 

· Re-applying the existing performance requirements by adjusting the velocity is the most feasible solution as it keeps the receiver performances comparable between different frequency bands.  Please refer to [3].


3.2 Required changes to TS 25.101

Table 2. Changes in TS 25.101

	Section
	Requirement
	Discussion / Required Changes in TS 25.101 (v 6.0.0)

	5.2
	Frequency bands


	New operating band 2x25 MHz needs to be added as Band V.

· 824 – 849 MHz: Up-link (UE transmit, Node B receive)
· 869 – 894 MHz: Down-link (Node B transmit, UE receive)

	5.3
	TX-RX frequency separation


	Add RX-TX frequency separation requirement for Band V.

· 45 MHz

	5.4.2
	Channel raster


	Add channel raster requirement for Band V.

· 200 kHz raster, however, there is a need to define additional center frequencies which are shifted 100 kHz relative to the normal raster

	5.4.3
	Channel number


	Add UARFCN definitions for Band V additional channels (in MHz).

· UL: 826.5, 831.5, 836.5, 841.5, 846.5

· DL: 871.5, 876.5, 881.5, 886.5, 891.5

	5.4.4
	UARFCN


	Define UARFCN range.

· 4132 to 4233 + numbers for additional channels: Up-link (UE transmit, Node B receive)
· 4357 to 4458 + numbers for additional channels: Down-link (Node B transmit, UE receive)


	6.2.1
	UE maximum output power


	Add UE power classes for Band V.

· +24dBm +1/-3dB: Power class 3

· +21dBm +2/-2dB: Power class 4

	6.6.2.1
	Spectrum emission mask


	Add spectrum emission mask requirement for Band V.

· It may be assumed that a similar additional requirement as currently formulated for Band II (-15 dBm/30kHz when 2.5MHz < (f (3.5MHz and -13 dBm/1MHz when 3.5MHz < (f (12.5MHz kHz) will also be applied for Band V.



	6.6.3
	TX spurious emissions


	Add additional TX spurious emissions requirements for Band V.

· Requirements can be set according to the patterns used in the existing specifications
· Requirements should be written for UMTS1900, PCS1900 and UMTS1700/2100 Down-link bands.



	7.3
	Reference sensitivity level
	Add reference sensitivity level requirement for band V.

· Existing REFSENS definitions for Band II can be used for Band V

· DPCH_Ec < REFSENS> = -115dBm



	7.6.2
	Minimum requirement (Out of-band blocking)


	Add out-of-band blocking requirements for band V.

· Requirements can be derived from existing Band I, II and III requirements



	7.6.3
	Minimum requirement (Narrow band blocking)


	Add narrow band blocking requirement for band V.

· Requirements can be copied from existing Band II requirements

	7.8.2
	Intermodulation characteristics, Minimum requirement (Narrow band)


	Add narrow band IM requirement for band V.

· Requirements can be copied from existing Band II requirements



	7.9
	RX spurious emissions


	Add additional receiver spurious emission requirements for band V.

· -60 dBm/3.84MHz UE transmit band in URA_PCH, Cell_PCH and idle state

· -60 dBm/3.84MHz UE receive band

	8, Annex B
	Performance requirement


	Add requirements for Band V.

· In order to keep the requirements consistent, the performance 

requirements of UTRA FDD in 850 MHz band can be defined based on the existing requirements on 2GHz band by scaling the 

velocity used in different propagation models. 

· Re-applying the existing performance requirements by adjusting the velocity is the most feasible solution as it keeps the receiver performances comparable between different frequency bands.  Please refer to [3].


4  Conclusion

In this document needed changes in TS 25.104 and 25.101 regarding the UMTS 850 MHz WI have been discussed. It appears feasible to base the requirements for this WI to a large extent on the existing release 6 Node B and UE specifications for Bands II requirements without a need for further simulations. 

It is proposed that RAN4 considers this approach and concludes agreements on the requirements for the UE and BS in this meeting. Based on agreement, the actual CR’s to rel-6 specifications could be made available at the next RAN4 meeting.
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6 Appendix A: Simulation assumptions
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� For the sectorized cases the maximum cell radius has been computed as 3/2*R, i.e. half of the inter-site distance
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check Xia, eqn (16, 17) for exponent 3.8
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note scaling m->km and Hz->MHz

Peter Muszynski:
rooftop height = 12 m
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