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1. Introduction
This document looks at the co-existence issues for Band 26 (B26) based on the following working assumptions;

1. B26 is designated as a global harmonised band for Region 2 and Region 3
2. B26 is intended to consolidate B5, B18, B19 and a sub–set of the PLMR band into a single operating band to facilitate  the support of multi-band FDD devices  
3. B26 shall address the existing regional co-existence scenarios and support the band plan for the US, Latin America, Japan, Korea and China 
4. B26 should meet the B5 reference sensitivity requirements as specified in the B26 work item

In this contribution we have considered the impact of B26 OOBE emissions and not addressed the adjacent interfered receiver requirements in terms of blocking and IMD performance.  Although this document focuses mainly on the UE specifications, some aspects of BS performance related to unacceptable interference are also considered.  Additional, the UMTS requirements are not considered in this document, although this is part of the work item. 

This document is provided to progress the work for B26 taking into account the work item will need to be completed by RAN#53 (September 2011) to meet the rel-10 extension period granted by RAN plenary for both the LTE and UMTS specification.  
2 Co-existence scenarios
The working assumption is that B26 can be used to support deployment and regulatory requirements for the sub- bands; B5, B18, B19 and part of the PLMR band for channel bandwidth of 1.4, 3, 5, 10 and 15MHz. The key co-existence scenarios (highlighted in red) for different sub-bands are shown in figure 2-1 below;
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Figure 2-1: Co-existence scenario for B26
Starting from left to right in Figure 2-1 the following co-existence scenarios are identified; 

a) Co-existence with the APT band at B26 FUL_low  (i.e. 814 MHz)

b) In band UL unacceptable interference criteria B26 UE to PSNB BS (i.e. < 816/817 MHz)

c) Co-existence with adjacent services (PSNB) at B26 FUL_high (i.e. 849 MHz)  
d) Unacceptable interference criteria for a B26 BS to PSNB UE (i.e. < 861/862 MHz)

e) Co-existence with adjacent services (B8) for B26 FDL_high (i.e. 894 MHz)
Additionally, RAN guidance has always been that the RAN4 specification should include all the applicable regional regulatory requirements.
2.1 Co-existence with adjacent services at FUL_low (i.e. 814 MHz)

The scenario considered is UE to UE interference when there is close geographical proximity between a PSNB or B26 LTE UE transmitter and a co-located APT LTE UE receiver. Since the APT band is an ongoing RAN work item, it is prudent that B26 should also address co-existence issues with this band, since both bands will be implemented in a similar timeframe and will be deployed in Region 3 and parts of Region 2. The following regional band plan scenarios are considered.
2.1.1 FCC band plan 
As shown in figure 2.1.1-1 the main OOBE issue will be between the APT band at FDL_high (803MHz) and the FCC band plan for PS at FDL_low (806MHz). Since PS is a narrow band system the OOBE emission into the APT band will be low and therefore should not present an issue. BS Tx OOBE below 803MHz interfering with PSNB BS above 806MHz can be solved by extra filtering on either or both BS sites.  
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Figure 2.1.1-1: FCC band plan
If, LTE is deployed at FDL_low (806 or 814MHz) the OOBE emission (which scale with channel bandwidth) would interfere with the APT band compared to a legacy narrow band PS deployment and would require additional mitigation in terms of A-MPR or internal guard band similar to the Japanese band plan
2.1.2 Korea band plan
This scenario in figure 2.1.2-1 is similar to FCC band plan since TETRA is a ETSI specified narrow band PS system and hence the same FCC band plan observations in section 2.1.1 are applicable. The TTA band plan provides a 2MHz guard band for the protection of narrow band services below 817MHz and a 5MHz FDD channel planned for future release/auction. 
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Figure 2.1.2-1: Korea band plan
2.1.3 Japan band plan
The emission requirements for B18 to the APT band is likely to need an A-MPR solution if the default requirements of -50dBm/1MHz is specified. However, since we cannot add an A-MPR solution to B18 since B18 devices are already implemented, we would need to include this as part of B26 specification.
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Figure 2.1.3-1: Japan band plan
2.1.4 Summary for co-existence with adjacent services at FUL_low  (i.e. 814 MHz)  
Depending on the operating channel bandwidth and B26 Δ FUL_low (frequency offset from the edge of the B26 operating band) a new NS_0X solution will need to address co-existence with the APT band. 
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Figure 2.1.4-1: Japan band plan 
	ΔF offset from B26 F_UL low
	B26 channel bandwidth
	NS value
	Victim system
	Emission target
	Comment 

	[0]
	1.4, 3, 5, 10, 15
	NS_0X1
	APT band
	[-50dBm/1MHz]
	Japanese band plan


Table 2.1.4.1: NS emission requirement for B26 F_UL Low
Although 1MHz offset is specified for Japan it may be useful to set this to 0MHz (worst case) to develop a more universal emission target for other countries which deploy both the APT band and B26 F_UL Low   at 814MHz
2.2 In-band unacceptable interference in the UL (B26 UE to PSNB BS)
The scenario is LTE UE Out-Of-Band Emissions (OOBE) to PSNB Base station receiver. The reason for this requirement is to avoid UL interference from a cellular architecture deployment due to system differences between a “high-site” wide area Public safety system and a “low-site” localized coverage cellular deployment. The following regional band plan scenarios are considered;

2.2.1 FCC Band plan
The FCC band plan in Figure 2.2.1-1 defines; PS (3MHz), PS/SMR (6MHz), Extension (1MHz), guard (1MHz) and ESMR (7MHz) block. FCC regulatory requirements § 90.209 specifies an authorized channel bandwidth of 20 KHz in the frequency range 806-824MHz. Deployment of LTE in 814-824MHz would require a FCC waver or rule change and some form of UE emission mitigation to protect narrow band services below 816MHz [1]. Simulations [2] show a LTE UE deployment with 2km cell radius would require a OOBE limit of better than [-43dBm/6.25kHz] to protect a PS and PS/SMR BS from reduction in coverage (due to desense). To achieve this, an A-MPR solution and/or guard band is needed depending on the LTE channel bandwidth deployed. 
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Figure 2.2.1-1: FCC band plan for most US regions
In the case of the FCC band plan, the 7MHz ESMR channel block could consist of a co-sited NB SMR system in the 2MHz pseudo guard band adjacent to the 5MHz LTE channel as shown in figure 2.2.1-2 
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Figure 2.2.1-2: FCC band plan option (for most US regions)
In some US Southeastern markets [1], the ESMR sub-band in the PLMR band and now B26 band is defined as the sub-band segment 813.5-824 MHz/858.5-869MHz. In this case the Expansion Band in this region will extend from 812.5-813.5 MHz/857.5-858.5MHz. This is shown in figure 2.2.1-3
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Figure 2.2.1-3: FCC band plan for US Southwestern regions
Again, a similar approach of smaller LTE channel bandwidth and pseudo channel guard band can be used at the discretion of the operators with a similar UE emission mitigation to protect narrow band services below 814MHz 

As mentioned previously, FCC regulations would need to be amended or require a rule change to allow deployment of LTE in ESMR band due to the current of <20 KHz channel bandwidth restriction. This would need to be linked to an emission requirement to protect PS services from the larger bandwidth options considered for the ESMR band.
2.2.2 Korea (KCC) band plan
KCC band plan as shown in Figure 2.2.2-1 below supports; PS_TETRA (5MHz), SMR_iDEN (5MHz), TIS_iDEN (5MHz), Guard band (2MHz) and a 5MHz block (which is planned for future release/auction) is shown below. 
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Figure 2.2.2-1: Korea (KCC) band plan
Note the 2MHz guard band provides protection for the unacceptable interference criteria identified by the FCC due to system difference between a “high-site” wide area Public safety system and a “low-site” localized coverage cellular deployment. If deployment of LTE is planned in the auction block then based on [2] a UE OOBE limit of better than [-43dBm/6.25kHz] is needed to protect narrow band services. To achieve this, an A-MPR solution and/or guard band is needed.
2.2.3 Summary and way forward for in-band unacceptable interference 
Both the FCC and KCC band plan show some similarity in how a 5MHz LTE channel can be deployed in the UL spectrum 814-824MHz. If we specify an OOBE emission limit of [-43dBm/6.25kHz] at a 3MHz offset (817MHz) a single new NS_0X value can be defined for frequencies below 817MHz as shown in Figure 2.2.3-1 and Table 2.2.3-1 for both regions where the offset is 3MHz (814 -817MHz).  Otherwise we would need to specify two emission levels starting at either 816MHz as per FCC or 817MHz as per Korea (KCC)
In the case of LTE deployment in the US for Southeastern we would need to specific an emission level starting at 814MHz in this case the offset is 0MHz 
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Figure 2.2.3-1: In-band unacceptable interference in the UL (B26 UE to PSNB BS)
	ΔF offset from B26 F_UL low
	B26 channel bandwidth
	NS value
	Victim system
	Emission target
	comment 

	3
	1.4, 3, 5
	NS_0X2
	PLMR band
	[-43dBm/6.25KHz]
	Protection limits apply at 817MHz  

	0
	1.4, 3, 5
	NS_0X7
	PLMR band
	[-43dBm/6.25KHz]
	Protection limits apply at 814MHz  


Table 2.2.3.1: NS emission requirement for B26 F_UL Low   unacceptable interference in UL 
2.3

Co-existence with adjacent services at FUL_high (i.e. 849MHz) 

The scenario considered is UE to UE interference when there is close geographical proximity between a B26 UE transmitter and a co-located UE receiver operating on an adjacent DL band. The following regional band plan scenarios are considered;
2.3.1 FCC band plan
When the FCC first established the cellular service rules, cellular systems in each market area was divided into two channel blocks, Block A and Block B each consisting of 2 x 20MHz of spectrum. In 1986 the FCC allocated an additional five MHz of spectrum to each cellular system as shown below in figure 2.3.1-1 where, A11 (1MHz), A (10MHz), B (10MHz), A1 (1.5MHz) and B1 (2.5MHz) are the allocated spectrum blocks.
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Figure 2.3.1-1: Channel bandwidth options FCC band plan
Current FCC emission limits for FUL_high (849MHz) are defined in FCC Part 22 as -13dBm/100KHz for greater than 1 MHz offset. However these emission limits should be treated with extreme caution since this “assumes” the FCC band plan which can only support a channel bandwidth of less than 2.5MHz in the B1 spectrum block. A more realistic target would be [3] based on FCC § 90.543 and § 27.53 for the protection of PS spectrum in the 700MHz band (B13) where a 10MHz LTE channel is deployed with a similar 2MHz UL/ DL PSNB separation as shown in Figure 2.3.1.2. 
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Figure 2.3.1-2: B13 showing 2MHz offset between LTE (UL_10MHz) to PSNB (DL_6.25kHz) 

The requirement for B13 is specified in terms of a FCC requirement of -35dBm/6.25KHz and additional 3GPP NS_07 requirement of -57dBm/6.25KHz at a 2MHz offset. We propose to re-use these emission requirements as the basis for deployment of channel bandwidths >1.4MHz for protection of PSNB services for B26 in the 800MHz.  In this case there will no impact on existing deployment of CDMA, GSM850 and future deployment of LTE (1.4MHz) in block B1.  LTE bandwidths > 1.4MHz would require similar table to “NS_07” but now multi-level to address the different possible channel bandwidths, different offsets from band edge FUL_high (849MHz) and the difference in duplex direction. Note this does not preclude deploying LTE with larger channel BW in A (10MHz) and B (10MHz) which may or may not need A-MPR depending on the offset from PS at  FDL_Low (851MHz). 
2.3.2 Lower e850 band 

Since the lower 850 band (non US) is an ongoing RAN work item, it is prudent that B26 should also address co-existence issues with this band, since both bands will be implemented in a similar timeframe and could be deployed in selective non US Region 2. 
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Figure 2.3.2-1: Channel bandwidth options FCC band plan (non US deployment)

This scenario is similar to figure 2.3.1-1 and therefore the proposed emission in that section could equally apply for the protection of the lower e850 band. However this scenario is different if we consider the Lower e850 Rx performance since LTE Rx blocking and Rx IM performance is bandwidth dependant and also significantly worse than specified for TIA PSNB devices so LTE deployment may be problematic.  
2.3.3 Korea band plan

Two scenarios need to be addressed.  A 10MHz channel deployed with a 2MHz UL/DL guard band next to a narrow band PS safety system (TETRA) at FDL_Low (851MHz). The 2nd scenario is the case when a 15MHz channel is deployed with a 10MHz frequency offset to FDL_Low (851MHz)
[image: image14.emf]T

1

T

1

824

5MHz

LGU

15 MHz  10 MHz

15 MHz  10 MHz 5MHz 5MHz 2

851 869

SKT TETRA IDEN

G

Auction



SKT LGU TETRA IDEN

G

Auction

5MHz

814 849



5MHz

2 5MHz


Figure 2.3.3-1: Korea (KCC) band plan
Note currently B5 only support 10MHz channel bandwidth so the 2nd scenario is only applicable for B26 where 15MHz channel bandwidth is supported and in this case a-MPR may be need to emission relating to 3rd IMD.   Both scenarios will need to address co-existence issues with the deployed narrow band TETRA PS system. 
2.3.4 Japan band plan

In Japan an emission limit of -40dBm/1MHz is specified for protection of 860-895MHz in line with Japanese regulatory requirements for B19. 
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Figure 2.3.4-1: Japan band plan
To meet this requirement we can re-use the existing B19 emission levels as specified in TS36.101 for the sub set of B26 which is B19. However, in this case we would not need to include the B19 NS_08 requirement for B26 since the duplex B26 filter would help to address the -40dBm/1MHz emission level
2.3.5 Summary

Depending on the operating channel bandwidth and B26 Δ FUL_low (frequency offset from the edge of the B26 operating band) four new NS_0X solutions will need to be specified for the following deployment. 
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Figure 2.3.5-1: Deployment as a function of offset from band edge.
	ΔF offset from B26 F_UL high 
	B26 channel bandwidth
	NS value
	Victim system
	Emission target
	Comment 

	0
	1.4, 3, 5, 10, 15 
	NS_0X3 
	PSNB_TIA_TETRA
	[-57dBm/6.25KHz]
	Korea and FCC band 

	2.5
	1.4, 3, 5, 10, 15 
	NS_0X4 
	PSNB_TIA
	[-57dBm/6.25KHz]
	FCC band plan ( B1 )

	4
	1.4, 3, 5, 10, 15
	NS_0X5
	PSNB_TIA
	[-57dBm/6.25KHz] 
	FCC band plan ( A1 , B1 )

	10
	1.4, 3, 5, 10, 15
	NS_0X6
	PSNB _TETRA
	[-57dBm/6.25KHz]
	Korea (10MHz offset)


Table 2.3.5.1: NS emission requirement for B26 F_UL high
As mentioned previously no NS_0X solution is need for B26 deployment in Japan 
2.4 In-band unacceptable interference in the DL (B26 BS to PSNB UE)
The scenario is LTE BS Out-Of-Band Emissions (OOBE) to PSNB UE receiver. The reason for this requirement is to avoid UL interference from a cellular architecture system due to system difference between a “high-site” wide area Public safety system and a “low-site” localized coverage cellular deployment. The following regional band plan scenarios are considered;

2.4.1 FCC band plan
FCC band plan (figure 2.2.1-1) defines the allocation for PS (3MHz), PS/SMR (6MHz), Extension (1MHz), guard (1MHz) and ESMR (7MHz) band. FCC § 90.672 [1] defines the unacceptable interference to non-cellular 800MHz licensees from 800MHz cellular systems or part 22 Cellular Radiotelephone systems 
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Figure 2.4.1-1: FCC band plan and unacceptable interference criteria 
Based on FCC § 90.672, the BS emission requirements (for macro deployment) should be less than ‑52dBm/6.25kHz for frequencies <861.35MHz if the measured signal level at a TIA compliant PSNB portable antenna port is better than‑104dBm/6.25 kHz at the test location. The required emission profile is shown in Figure 2.4.1-2 below. 
[image: image18.emf]
Figure 2.4.1-2: Emission profile for unacceptable interference
This emission value of ‑52dBm/6.25kHz assumes the MCL for the LTE B26/B5 base station is ≥70dB.  This requirement at 861.3MHz will require stringent filtering or additional internal guard band for a BS operating in the ESMR band when potentially FDL_low is 862MHz
2.4.2 Korea (KCC) band plan

KCC band plan is shown in Figure 2.4.1-2 defines a PS_TETRA (5MHz), SMR_iDEN (5MHz), TIS_iDEN (5MHz), Guard band (2MHz) and 5MHz which is planned for future auction/release. 
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Figure 2.4.1-2: Emission profile for unacceptable interference
If deployment of LTE in planned in the auction block, a BS OOBE limits of better than [-46dBm/6.25kHz] would be needed [3] at a 2MHz offset i.e. to protect narrow band services below 862MHz. Note the KCC band plan provides a 2MHz guard band for the BS OOBE to address this interference scenario
2.4.3 Summary

Assuming an LTE cellular macro deployment (MCL of 70dB) and PSNB portable deployment the requirement for BS OOBE should be;

· FCC requirement of -52dBm/6.25KHz for FDL_low   ≤ 861.3MHz. 
· A proposed requirement of -46dBm/6.25KHz for FDL_low   ≤ 862MHz for Korea
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Figure 2.4.3-1: Emission profile for unacceptable interference
Since these requirements are dependent on the deployment scenarios they may need to be added to the BS specifications TS36.104 and TS37.104 and applicable on a case by case basis.
2.5 Co-existence with adjacent services at FDL_high (i.e. 894 MHz)  
The scenario considered is UE to UE interference when there is close geographical proximity between a LTE B8 UE transmitter and a co located LTE B26 UE receiver. The following regional band plan scenarios are considered;

2.5.1 FCC band plan  
In some areas of Asia, CDMA (1.25MHz) is deployed in the A1 and A block and GSM (200 KHz) deployed in part of B8. Since this is the DL scenario for B26 this could impact B26 UE Rx blocking requirements and B26 BS emission requirements. 
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Figure 2.5.1-1: FCC band plan used in China
As GSM is a narrow band technology and there is a 10MHz guard band between DL and UL no co-existence issues have arisen.  If LTE is deployed in B5/B26 in these countries in the future, co-existence need to be considered in ensuring there is an adequate guard band between services in B26 and B8 similar to the Korea and Japan study for 800/900MHz spectrum allocation
2.5.2 Korea band plan
The Korea band plan is show below in figure 2.5.2-1
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Figure 2.5.2-1: Korea band plan

No requirements are applicable for B26 since the applicable requirements would be part of the B8 study item for deployment of LTE 
2.5.3 Japan plan 
The Japan band plan is show below in figure 2.5.3-1
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Figure 2.5.3-1: Japan band plan
No requirements are applicable for B26 since the applicable requirements would be part of the study item for deployment LTE in B8 for Japan regional deployment 
3 Way forward / Conclusions
The working assumption is that B26 can be used to support deployment and regulatory requirements for the sub- bands; B5, B18, B19 and part of the PMLR band for channel bandwidth of 1.4, 3, 5, 10 and 15MHz. Considering only the impact of B26 OOBE emissions the following six emission levels and NS_OX values need to be specified for B26 in order to support; 

· Global harmonised band solution for Region 2 and Region 3

· Consolidate B5, B18, B19 and a sub–set of the PMLR band into a single operating band

· Align with the band plan for the US, Latin America, Japan, Korea and China
	· Support the existing regional co-existence scenarios 
ΔF offset from B26 F_UL low
	B26 channel bandwidth
	NS value
	Victim system
	Emission target
	Comment 

	[0]
	1.4, 3, 5, 10, 15
	NS_0X1
	AWG band
	[-50dBm/1MHz]
	Japanese band plan

	3
	1.4, 3, 5
	NS_0X2
	PLMR band
	[-43dBm/6.25KHz]
	Protection limits apply at 817MHz  

	3
	1.4, 3, 5
	NS_0X7
	PLMR band
	[-43dBm/6.25KHz]
	Protection limits apply at 814MHz  


Table 3-1: NS emission requirement for B26 F_UL Low
	ΔF offset from B26 F_UL high 
	B26 channel bandwidth
	NS value
	Victim system
	Emission target
	Comment 

	0
	1.4, 3, 5, 10, 15 
	NS_0X3 
	PSNB_TIA_TETRA
	[-57dBm/6.25KHz]
	Korea and FCC band 

	2.5
	1.4, 3, 5, 10, 15 
	NS_0X4 
	PSNB_TIA
	[-57dBm/6.25KHz]
	FCC band plan Δ  ( B1 )

	4
	1.4, 3, 5, 10, 15
	NS_0X5
	PSNB_TIA
	[-57dBm/6.25KHz]
	FCC band plan Δ  (A1 + B1 )

	10
	1.4, 3, 5, 10, 15
	NS_0X6
	PSNB _TETRA
	[-57dBm/6.25KHz]
	Korea (10MHz offset)


Table 3-2: NS emission requirement for B26 F_UL high
The above table only specifies the NS-0X values and emission requirements. For the next stage of the work plan the corresponding table for the different RB regions {RB_start, L_CRB and A-MPR} similar to the NS tables in TS36.101 would need to be developed once we have consensus for; ΔF offset from B26, number of NS values and the corresponding emission levels. 
The advantage of have a larger number of NS_OX values is that the emission requirements are fixed, but depending on the offset from the edge of the band the A-MPR requirements would be reduced significantly (so increasing UL throughput). For example a 10MHz offset may not need any A-MPR while a 0MHz offset would need B13 type NS_0X solutions.  So in this case operators have the flexibility to deploy smaller channel bandwidths at the edge of the band with no A-MPR similar to today’s deployment of CDMA and WCDMA in B5 OR alternatively operate a wider UL channel but with the appropriate level of A-MPR i.e. B13 and in both cases have to meet a single emission requirement.  

The other advantage of a larger number of NS_0X values is that this provides a greater level of emission control or granularity which is important to address the many regional deployment scenarios. Too small a granularity would run the risk of interference due to no A-MPR or significant reduction in capacity due to an in appropriate A-MPR requirement. Note this also allow flexibility to respond to field issue noting the FCC interference reporting procedure indicated in the footnote 
An alternative approach to developing an NS_0X solution for B26 would be; 

1. Restrict the B26 channel bandwidth for F_UL high and F_UL low. This would need to be specified in the specification
2. Specify an asymmetrical channel bandwidth operation for B26 to allow an increase in the UL guard band while still maintaining the maximum allowed channel bandwidth in the DL
3. Allow for operator consensus on emission levels to address these co-existences issues, however as we have seen in recent RAN4 discussions agreeing a requirement after deployment and device implementation is problematic – so it is essential the emission levels are agreed prior to work item closure. 
4. Develop an interference resolution procedure
. This reporting mechanism serves as a safety net to protect non-cellular licenses from interference created by operators in Bands 5 or 26. However in this case it would be difficult to implement a new NS requirement without defining a new band without impacting legacy deployment
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� 	FCC rules in § 22.972 and § 90.674 discuss the interference resolution procedure.  As a result of these rules, the carriers and operators in the United States established an “800 MHz Interference Notification Site” (�HYPERLINK "http://www.publicsafety800mhzinterference.com/CTIAWeb/Index.aspx"�http://www.publicsafety800mhzinterference.com/CTIAWeb/Index.aspx�), which allows non-cellular licenses in the 800 MHz band to submit reports of interference to the local carriers and operators in the area of concern.  
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