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Introduction
In RAN4#74, the wayforward for of the band plan was approved [1] for WI 2GHz FDD LTE Band for Region 1 [2] as shown below.

The following is agreed as a package 
1. A 2x90 band plan is agreed [BXXX] 1920-2010 // 2110-2200MHz
2. The duplexer assumption for [BXXX] requirements specification will be
· The lower duplexer is LTE Band 1 (2x60MHz) 
· The upper duplexer is 2x90MHz
3. For a UE that supports both LTE Band 1 and the new band [BXXX], no relaxation is allowed  for Band 1 when all the carrier(s) are located within Band 1 operating frequency range 
4. For BXXX, we study the specification impact of the following approaches: 
· Specifying requirements based on channel bandwidth assignment  (e.g. when all the channel bandwidth(s) is confined within LTE Band 1 frequency range, at least the Band 1 requirements apply) 
· UEs that support the new band [BXXX] shall also support LTE band 1 and all its capabilities
· Other approaches are not precluded


In RAN4#73 and #74, we presented the technical analysis on the UE coexistence requirement [3,4]. In this paper, we continue to discuss how the UE coexistence requirement with other 3GPP bands is specified based on the agreed WF [1].



Figure 1 3GPP and Satellite bands near MSS spectrum 1980-2010/2170-2200 MHz 

Discussion
Spurious emission requirement for UE coexistence
As shown in Figure 1, the new band with 2x90MHz band plan, 1920-2010/2110-2200MHz, has the nearby E-UTRA bands, 1, 33, and 34. We present how the new band should be protected by these bands in 2.1.1, 2.1.2 and 2.1.3. Then how the new band protects the other 3GPP E-UTRA bands is discussed in 2.1.4.

Requirement for Band 1 UE
Band 1 UE Tx already protects Band 1 DL, i.e., 2110-2170MHz. Therefore, it is straightforward to protect 2170-2200MHz at the same level -50dBm/MHz. The new band can be added among the protected bands. 
Requirement for Band 33 UE
Band 33 UE Tx already protects Band 1 DL, i.e., 2110-2170MHz. Therefore, it is straightforward to protect 2170-2200MHz at the same level -50dBm/MHz. The new band can be added among the protected bands.
Requirement for Band 34 UE
Band 34 UE Tx already protects Band 1 DL, i.e., 2110-2170MHz. Therefore, it is straightforward to protect 2170-2200MHz at the same level -50dBm/MHz. The new band can be added among the protected bands.

Requirement for the new band UE
Coexisting bands
All E-UTRA Bands in Region 1, i.e., Band 1, 3, 7, 8, 20, 22, 28, 31, 32, 38, 40, 42, and 43 should be protected by the new band. Band 33 and 34 are separately discussed in the following.

Coexistence with Band 33
Currently there is UE coexistence requirement between Band 1 and Band 33 in TS36.101. Band 1 UE spurious emission requirement in the following is specified in Table 6.6.3.2-1 of TS36.101 with additional RB restrictions explained in NOTE 27. 
· +1.6dBm/5MHz for 1915-1920 MHz	
· -15.5dBm/5MHz for 1895-1915MHz
· -40 dBm/MHz for 1880-1895 MHz
(Note that the last bullet is actually below Band 33 and systems other than 3GPP may be deployed such as DECT.)
Although in [1] we recommended that the above emission levels can be reused for the new band, the discussion in RAN4#74 led into the insight that the requirement should be revisited so that the RB usage should be more flexible for the new band. For example, we could utilize A-MPR instead of RB restriction for the new band. The requirement for Band 1 is primarily intended for the coexistence with Band 39, which is based on the TDD-FDD compatibility framework used for Band 7 and 38.
Furthermore, NS is a desirable way as Band 39 does not coexist with the new band in Region 1. Furthermore Band 33 may not be deployed  in some regions. Therefore it is proposed that the requirement is optional by network signalling. It is for further discussion if we use either RB restriction or A-MPR to meet the emission requirement.

Coexistence with Band 34
There is UE coexistence requirement between Band 1 and Band 34 in TS36.101. Band 1 UE protects Band 34 at the emission level -50 dBm/MHz. Using the dual duplexer architecture agreed in WF [1], it is possible to keep this requirement for the channel bandwidth confined within Band 1.
For the case that the channel bandwidth is not confined in Band 1, we have discussed in [3,4] that some alternative levels can be considered to protect Band 34. 
(1) Use the existing coexistence requirement for Band 1, i.e., the entire Band 34 is protected at -50dBm/MHz.
(2) Use a relaxed requirement, such as -30dBm/MHz or -40dBm/MHz
(3) Use a similar coexistence requirement of Band 7 and Band 38.
(4) No particular emission requirement to Band 34 is specified if there is no system deployment.
Case (1) corresponds to the scenario that Band 34 is already deployed or regulated with higher priority.
Case (2) is the scenario that Band 34 is not yet deployed and a certain coordination at 2010MHz boundary are possible.
Case (3) is the scenario that Band 34 and the new band can be deployed based on the TDD-FDD coexistence framework of Band 7 and 38. However, it is noted that Band 34 bandwidth is as small as 15MHz, so the framework implicates that all the TDD blocks have risks of harmful interference from the FDD band.
Case (4) is the scenario that Band 34 protection is not required.

There has been a study already summarized in [5] about the required A-MPR and frequency separation to meet different emission levels for protection of Band 34 as shown in Table 1. 

Table 1.  Summary of coexistence studies with Band 34 (A-MPR case)
	Case
	E-UTRA Channel 
Bandwidth
 (MHz)
	Separation between 
E-UTRA carrier edge 
and protected range
 (MHz)
	Spurious emissions 
protection level 
(dBm/MHz)
	A-MPR
(dB)

	1
	5/10/15/20
	0
	-50
	17/ 17/ 17/ 17

	
	
	
	-40
	15/14/14/14

	
	
	
	-30
	12/11/11/11

	
	
	
	-15.5
	5/4/4/3

	2
	5/10/15/20
	5
	-50
	10/15/15/15

	
	
	
	-40
	5/10/10/10

	
	
	
	-30
	2/5/6/6

	
	
	
	-15.5
	1/1/1/1

	3
	5/10/15/20
	10
	-50
	3/10/15/15

	
	
	
	-40
	1/5/10/10

	
	
	
	-30
	0/1/5/5

	
	
	
	-15.5
	1/1/1/1



Higher A-MPR is required if the protection level is stricter or the frequency separation is smaller. In order to avoid a large A-MPR, a frequency separation between FDD and TDD band is likely required. This guard band can be placed in the new band (case a), Band 34 (case c), or across the bands (case b) as shown in Figure 1 depending on deployment scenarios of the two bands. There is also a scenario that no system is deployed or protected in Band 34 (case d). Currently there is no common regulatory guideline on the protection level or the guard band size and position, as it is up to each administrator’s decision. Therefore, this may need to be specified as flexibly as possible to support different scenarios in RAN4.


Figure 1 Frequency separation between FDD and TDD bands
In any case, it is our view that the requirement should be specified as an additional emission requirement when the new band is indicated to coexist with Band 34 via a network signalled value. This is appropriate because the WI scope is now for Region 1, where Band 34 is not in a large scale commercial deployment, and furthermore Band 34 is still under regulatory discussion.

Summary
Baseline spurious emission requirement
In the previous chapter, it is discussed how the coexistence requirement can be specified for the new band. The baseline coexistence table is proposed in the following.

The Band 34 protection by the new band UE is only specified for the frequency range of Band 1 as indicated in Note X. For the frequency beyond Band 1, i.e., when the uplink channel bandwidth is not confined within 1920-1980MHz, the spurious emission requirement is not specified in the baseline coexistence table. It is also proposed not to specify Band 33 coexistence in the baseline table for the new band.

Table 2 Baseline spurious emission table for coexistence
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	1
	E-UTRA Band 1, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 32, 38, 40, 41, 42, 43, 44, new_band
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15, 26, 27

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	15

	33
	E-UTRA Band 1, 7, 8, 20, 22, 28, 32, 34, 38, 40, 42, 43, new_band
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	34
	E-UTRA Band 1, 3, 7, 8, 11, 18, 19, 20, 21, 22, 26, 28, 32, 33, 38,39, 40, 41, 42, 43, 44, new_band
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	new_band
	E-UTRA Band 1, 7, 8, 20, 22, 28, 31, 32, 38, 40, 42, 43, new_band
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	-
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 34
	FDL_low 
	-
	FDL_high
	-50
	1
	15, X

	NOTE 5:	For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band
NOTE 8:	Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.
NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.
NOTE 27:	This requirement is applicable for any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.
NOTE X:	This requirement is applicable for carriers with bandwidth confined within 1920-1980 MHz.



Additional spurious emission requirement using network signalled value
Band 33 protection
As discussed in 2.1.4.3, an additional spurious emission requirement using network signalled value is proposed for the coexistence requirement with Band 33 and possibly DECT deployment below Band 33. 

When a NS is indicated in the cell for the protection of Band 33, the power of any UE emission shall not exceed the levels specified in Table 3. This requirement also applies for the frequency ranges that are less than FOOB (MHz) from the edge of the channel bandwidth.
Table 3: Additional requirements
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	Frequency range
	1880
	-
	1895
	-40
	1

	Frequency range
	1895
	-
	1915
	-15.5
	5

	Frequency range
	1915
	-
	1920
	+1.6
	5



It is for further discussion if RB restriction or A-MPR is applied to meet the emission requirement above. 
Band 34 protection
When a NS is indicated in the cell for the Band 34 protection, the power of any UE emission shall not exceed the levels specified in Table 4a, 4b, 4c or 4d for different scenarios. This requirement also applies for the frequency ranges that are less than FOOB (MHz) from the edge of the channel bandwidth.
Table 4a: Additional requirements (for full protection of Band 34)
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	E-UTRA band 34
	FDL_low
	-
	FDL_high
	[-50]
	1



Table 4a shows a case that the full protection of Band 34 is required in case Band 34 deployment has high priority over the new band. In this case, a huge A-MPR is required according to Table 1. In order to make A-MPR lower than 10 dB (as an example), 10MHz guard band would be required in the 2GHz FDD LTE band. Also the channel bandwidth is limited to 5MHz immediately below the guard band. A-MPR table may need to be constructed in such a way.

Table 4b: Additional requirements (for compromised emission requirement, GB in the new band)
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	E-UTRA band 34
	FDL_low
	-
	FDL_high
	[-40..-30]
	1



Table 4c: Additional requirements (for compromised emission requirement, GB in Band 34)
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	Frequency range
	2010
	-
	2015
	[TBD]
	[TBD]

	Frequency range
	2015
	-
	2025
	[-40..-30]
	1



Table 4b and Table 4c show a case that a relaxed limit is used for Band 34 protection taking into account that Band 34 deployment is not common and a certain coordination may be possible with the new band. In order to meet -30dBm/MHz or -40 dBm/MHz, we would need at least 5MHz guard band to manage the A-MPR low enough. Table 4b is the case that 5MHz guard band is assumed in the new band. 
Table 4c corresponds to the case that 5MHz guard band is placed in the Band 34 side.
In CEPT studies such as [6], UTRA emission mask was assumed for the operation in 1980-2010MHz [7]. If we can agree on that level, -30dBm/MHz may be one possible limit we could use for the new band. It is also noted that the standard spurious emission level, -30dBm/MHz, may be applied also beyond 2025MHz, if the UTRA mask is assumed.

Table 4d: Additional requirements (Band 7 – Band 38 framework)
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	Frequency range
	2010
	-
	2015
	[+1.6]
	5

	Frequency range
	2015
	-
	2025
	[-15.5]
	5



Table 4d shows the case if Band 7 - Band 38 FDD-TDD framework can be applied at 2010MHz boundary. Although this is a well known coexistence guideline, in the case of Band 34, all the TDD blocks have risks of harmful interference as Band 34 is only wide as 15MHz. It is also noted the standard spurious emission requirement, -30dBm/MHz, may be applied above 2025MHz if the UTRA mask needs to be assumed. In that case, the constraints in RB usage or transmit power may not be the same as the case of Band 7 UE. 

The protection levels are still for further discussion because we do not have a clear regulatory guidance on the compatibility at 2010MHz boundary. If we can identiy all the possible deployment scenarios, we can introduce a NS for each of them rarther than agreeing only on one deployment scenario.

Furthermore, RAN4 has been discussing a flexible framework to support an introduction of new or modified NS values, for example in [8]. A new NS framework can be considered as a possible wayforward for this band in case a new regulatory framework is introduced later on.


Conclusion
We have discussed the UE coexistence requirement based on 2x90MHz band plan. The coexistence requirement with Band 34 at the spurious emission level of -50 dBm/MHz can be maintained if the uplink channel bandwidth is confined within 1920-1980MHz in the lower duplexer range. It is our view that the coexistence requirement for the case that the uplink channel bandwidth is not confined within 1920-1980MHz, an additional spurious emission requirement based on a network signalled value should be applied so that Band 34 is protected by A-MPR. The coexistence requirement with Band 33 is proposed not to be included in the baseline spurious emission table. Instead, we propose an additional spurious emission requirement imposed by a network signalled value. The emission limits are still for further discussion; however it would be a possible wayforward to consider a flexible NS framework as a band may be in use in other regions later.
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