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Introduction
This contribution is an update to R4-093697 (reference [3]) presented in RAN4#52bis with corrections to typographical errors in Bands 12 and 17, and with modifications to reflect the revised Band 11 and with additions to include Band 21.
At RAN4#51bis, a contribution [1] was presented which proposed uplink bandwidth limitations for other bands (i.e., other than Bands 12, 13, 14, and 17) applying an empirical calculation dependent upon the transmission bandwidth configuration and the duplex separation.  Furthermore, at RAN4#52, a contribution [2] was presented providing specific analysis and measured PA data for 700 MHz bands illustrating that the uplink allocation should be limited to 15 RB’s for the 10 MHz REFSENS requirement.  This contribution is a modification of [1], taking into account the more detailed analysis and more recent PA data presented in [2], to derive a more accurate empirical calculation appropriate for uplink configuration in other LTE bands.
Discussion
In the REFSENS tests, the general setup is to allocate all RBs on the DL and allocate all RBs when possible but allocate fewer UL RBs in certain bands that have moderate duplex separation. In these bands, the duplexer attenuation is not sufficient to suppress the Tx PA spectral re-growth to levels comparable to the wideband noise floor (LNA thermal + PA wide band floor). 


Assume a band where a restricted UL BW is necessary, e.g. the UL allocation for REFSENS is  where  is the UL Transmission BW configuration. If we assume that the DL allocation was also of the same BW as the UL and ignored the existence of RxDiv, then we would have a very similar set up as we have in WCDMA. 
In WCDMA, the general rule for avoiding Rx desense is to ensure 

	(1)
A similar rule can be applied to LTE, but taking into consideration the fact that the LTE uplink and downlink allocations can be on the ‘inner edges’ of the channel.  As shown in Equation3 of [1] this leads to the following formulation
	(2)


Note that this is an empirical formulation which was obtained based on a minimum expected duplex gap of 30 MHz  and extrapolated simulations for ACLR in WCDMA systems.  Note also the accuracy of this formulation has not been confirmed in any deployed WCDMA system since the minimum duplex gap exceeds 30 MHz.
More recently, a specific analysis [2] was undertaken for the 700 MHz bands in regards to the uplink RB configuration for the REFSENS requirement.  In this analysis, it was found that the requirement for uplink configuration should be limited to 15 RB’s for 10 MHz transmission bandwidth configurations.  This analysis took in to account measured PA ACLR emissions and Tx noise in the downlink with appropriate assumptions made about duplexer isolation, Tx-to-diversity-Rx coupling loss, etc.  The ACLR recorded in the analysis was based on measured PA emissions when the uplink allocation is located at the edge of the band closest to the downlink and found to be 80.5 dB. 
Triggered by this recent analysis for 700 MHz bands, we revisited the validity of equation (2) and the results of [1] in defining the uplink allocation configuration for REFSENS.  The PA data and analysis for 700 MHz has indicated that the ACLR is higher than previously predicted.  Thus, we propose to modify equation (2) accordingly to account for the observed increase in uplink emissions.  The factor of 6.8 in equation (2) which characterizes the required separation between the uplink and the downlink normalized by bandwidth has been increased to 7.8 in equation (3) below.
	(3)


Equation (3) more accurately reflects the increased emissions that were measured for the 700 MHz bands and is used to generalize the requirements for other bands.
  Maximum UL BW calculation for REFSENS
In this subsection, we will give a list of results for the calculations of maximum UL BW.  The following limit was calculated


 where  is calculated according to Eq(3) 
using



    1.4M Hz BW
The results are shown in Table 1 below.  
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	N/A
	N/A
	N/A
	No

	2
	80
	6
	56
	6
	No

	3
	95
	6
	66
	6
	No

	4
	400
	6
	284
	6
	No

	5
	45
	6
	31
	6
	No

	6
	45
	N/A
	N/A
	N/A
	No

	7
	120
	N/A
	N/A
	N/A
	No

	8
	45
	6
	31
	6
	No

	9
	95
	N/A
	N/A
	N/A
	No

	10
	400
	N/A
	N/A
	N/A
	No

	11
	48
	N/A
	N/A
	N/A
	No

	12
	30
	6
	20
	6
	No

	13
	-31
	6
	21
	6
	No

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	6
	20
	6
	No

	18
	45
	N/A
	N/A
	N/A
	No

	19
	45
	N/A
	N/A
	N/A
	No

	21
	48
	N/A
	N/A
	N/A
	No


Table 1  UL BW Limit for REFSENS for 1.4MHz LTE

    3 MHz BW
The results are shown in Table 2 below. 
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	N/A
	N/A
	N/A
	No

	2
	80
	15
	55
	15
	No

	3
	95
	15
	65
	15
	No

	4
	400
	15
	283
	15
	No

	5
	45
	15
	30
	15
	No

	6
	45
	N/A
	N/A
	N/A
	No

	7
	120
	N/A
	N/A
	N/A
	No

	8
	45
	15
	30
	15
	No

	9
	95
	N/A
	N/A
	N/A
	No

	10
	400
	N/A
	N/A
	N/A
	No

	11
	48
	N/A
	N/A
	N/A
	No

	12
	30
	15
	19
	15
	No

	13
	-31
	15
	20
	15
	No

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	15
	19
	15
	No

	18
	45
	N/A
	N/A
	N/A
	No

	19
	45
	N/A
	N/A
	N/A
	No

	21
	48
	N/A
	N/A
	N/A
	No


Table 2  UL BW Limit for REFSENS for 3MHz LTE

    5 MHz BW
The results are shown in Table 3 below. 
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	25
	132
	25
	No

	2
	80
	25
	53
	25
	No

	3
	95
	25
	64
	25
	No

	4
	400
	25
	281
	25
	No

	5
	45
	25
	28
	25
	No

	6
	45
	25
	28
	25
	No

	7
	120
	25
	82
	25
	No

	8
	45
	25
	28
	25
	No

	9
	95
	25
	64
	25
	No

	10
	400
	25
	281
	25
	No

	11
	48
	25
	31
	25
	No

	12
	30
	20
	18
	15
	Yes

	13
	-31
	20
	18
	15
	Yes

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	20
	18
	15
	Yes

	18
	45
	25
	28
	25
	No

	19
	45
	25
	28
	25
	No

	21
	48
	25
	31
	25
	No


Table 3  UL BW Limit for REFSENS for 5MHz LTE

    10 MHz BW
The results are shown in Table 4 below. 
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	50
	128
	50
	No

	2
	80
	50
	50
	50
	No

	3
	95
	50
	61
	50
	No

	4
	400
	50
	278
	50
	No

	5
	45
	25
	25
	25
	No

	6
	45
	25
	25
	25
	No

	7
	120
	50
	79
	50
	No

	8
	45
	25
	25
	25
	No

	9
	95
	50
	61
	50
	No

	10
	400
	50
	278
	50
	No

	11
	48
	25
	27
	25
	No

	12
	30
	20
	15
	15
	Yes

	13
	-31
	20
	15
	15
	Yes

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	20
	15
	15
	Yes

	18
	45
	25
	25
	25
	No

	19
	45
	25
	25
	25
	No

	21
	48
	25
	27
	25
	No


Table 4  UL BW Limit for REFSENS for 10MHz LTE


    15 MHz BW
The results are shown in Table 5 below. 
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	75
	125
	75
	No

	2
	80
	50
	47
	45
	Yes

	3
	95
	50
	58
	50
	No

	4
	400
	75
	275
	75
	No

	5
	45
	N/A
	N/A
	N/A
	No

	6
	45
	N/A
	N/A
	N/A
	No

	7
	120
	75
	75
	75
	No

	8
	45
	N/A
	N/A
	N/A
	No

	9
	95
	50
	58
	50
	No

	10
	400
	75
	275
	75
	No

	11
	48
	N/A
	N/A
	N/A
	No

	12
	30
	N/A
	N/A
	N/A
	No

	13
	-31
	N/A
	N/A
	N/A
	No

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	N/A
	N/A
	N/A
	No

	18
	45
	25
	22
	20
	Yes

	19
	45
	25
	22
	20
	Yes

	21
	48
	25
	24
	20
	Yes


Table 5  UL BW Limit for REFSENS for 15MHz LTE

    20 MHz BW
The results are shown in Table 6 below. 
	Band
	
 (MHz)
	
Current  (RBs)
	
 (RBs)
	
New  (RBs)
	Change Required

	1
	190
	100
	122
	100
	No

	2
	80
	50
	44
	40
	Yes

	3
	95
	50
	54
	50
	No

	4
	400
	100
	272
	100
	No

	5
	45
	N/A
	N/A
	N/A
	No

	6
	45
	N/A
	N/A
	N/A
	No

	7
	120
	75
	72
	70
	Yes

	8
	45
	N/A
	N/A
	N/A
	No

	9
	95
	50
	54
	50
	No

	10
	400
	100
	272
	100
	No

	11
	48
	N/A
	N/A
	N/A
	No

	12
	30
	N/A
	N/A
	N/A
	No

	13
	-31
	N/A
	N/A
	N/A
	No

	14
	-30
	N/A
	N/A
	N/A
	No

	17
	30
	N/A
	N/A
	N/A
	No

	18
	45
	N/A
	N/A
	N/A
	No

	19
	45
	N/A
	N/A
	N/A
	No

	21
	48
	N/A
	N/A
	N/A
	No


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 6  UL BW Limit for REFSENS for 20MHz LTE

  Proposed Changes
In summary, the proposed changes are shown in Table 7 below based on Table 7.3.1-2 in [3]. 
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501451
	501401
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	751
	751701
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25 
	251
	251
	251
	FDD

	12
	6
	15
	201151
	201151
	
	
	FDD

	13
	
	
	201151
	201151
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201151
	201151
	
	
	FDD

	18
	
	
	25 
	251
	251201
	
	FDD

	19
	
	
	25 
	251
	251201
	
	FDD

	…
	
	
	
	
	
	
	

	21
	
	
	25
	251
	251201
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


Table 7  UL configuration for REFSENS showing proposed changes


Conclusion
In this document, we calculated the proposed reduction of the UL BW for sensitivity testing for all bands. We have taken into account measured PA ACLR data in 700 MHz as a guideline to form a more accurate formulation applicable to other bands.  The following Band/LTE BW configurations appear to require changes.  The required uplink configuration for 15 MHz bandwidth in Band 21 is very nearly supported by the current configuration of 25 RB’s so that a change may not be necessary.
1. Band 2:  15, 20 MHz
2. Band 7:  20 MHz
3. Band 12: 5, 10MHz
4. Band 13: 5, 10MHz
5. Band 17: 5, 10MHz
6. Band 18: 15 MHz
7. Band 19: 15 MHz
8. Band 21: 15 MHz
Reference
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