TSG-RAN Working Group 4 (Radio) meeting #64 
 R4-124528
Qingdao, China, 13 – 17 August 2012


Source:
Ericsson, ST-Ericsson
Title:
Coexistence between Band 1 and Band 39
Agenda item:
4.2.1
Document for:
Discussion
1 Background
The Band 1 requirements for protection of Band 39 are still subject to a note that “something has to be done”. Band 39 is one of the primary bands for TD-LTE. A recent effort to complete the outstanding unwanted emissions requirements was made in [1], which also contains a detailed exposition of the implementation constraints at hand for legacy Band 1 devices and the related Band 7/Band 38 coexistence scenario. In this contribution we pursue this further and propose to reuse the existing NS_05 value intended for PHS protection for improved protection of Band 39.
Band 39 is overlapping with Band 33. For the latter, the emission limits cannot be any more stringent than those specified for Band 7 protection of Band 38 for the 20 MHz adjacent to the aggressor as recommended in [1]. When NS_05 is signaled, power back-off is only allowed for 50 RB or more that may, at best, remove the restriction on 54 RB for the aggressor channel:
NOTE 21:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is  within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 2552 - 2560 MHz. No other restrictions apply for carriers with bandwidths confined in 2500-2570 MHz.
For specifying the minimum requirements for 1880-1900 MHz, there is no duplex filter rejection at hand as pointed out in [1]. This scenario is similar to Band 1 protection of Band 34, for which the separation between the bands is 30 MHz. The standard -50 dBm/MHz requirement is challenging for Band 34 [2]: the filter rejection is limited even if Band 34 is above the Band 1 transmit band, closer to the Band 1 receive band in which the duplexer must provide significant attenuation. Band 39 is on the other side of the transmit band. Examples of filter traces are shown below (reproduced from [2]).
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Figure 1: FBAR response for a commercially available Band 1 filter (one example).
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Figure 2: SAW filter responses for the Band 1 transmit band.

The attenuation at 1900 MHz would be of the order of 10 dB for the FBAR filter (not optimized for Band 39 protection), and a mere 3-5 dB for the SAW filter. These traces do not account for neither temperature nor process variations so the quoted number cannot be accounted for when setting the minimum requirements. Nevertheless, in live operation, the filter of many UE(s) will provide additional rejection. However, the range 1880-1900 MHz may be afforded improved protection by using NS_05.
2 Rel-9 operation using NS_05
The NS_05 applies to protection of PHS up to 1915.6 MHz when the aggressor channel is assigned at a separation of Channel BW assigned + 4 MHz, but was designed for protection up to 1919.6 MHz originally (Table 1 and Table 2 from 36.101 Rel-9):
Table 1 (Table 6.2.4-1 of 36.101): Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA

	...
	
	
	
	
	

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1

	...
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	NOTE 1:
Applies to the lower block of Band 23, i.e. a carrier placed in the 2000-2010 MHz region.


Table 2 (Table 6.6.3.3.1-1): Additional requirements (PHS)

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	1884.5 f 1919.6*1
	-41
	-41
	-41
	-41
	300 KHz

	1884.5 f 1915.7*2
	-41
	-41
	-41
	-41
	300 KHz

	Note

1. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1919.6 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.

2. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.


Hence the separation between the aggressor and the protected band is 24 MHz, almost what is needed for protection of 1880-1900 MHz with the aggressor allocated at the lower edge of Band 1. The NS_05 is understood by all Band 1 devices and A-MPR = 1 dB is allowed for 50 RB and larger. The current requirements for NS_05 only applies for UL EARFCN in a certain range (Note 2 in Table 2) with operations in the remainder of the band FFS, but it is unlikely that any implementation of a Band 1 device in the field has any restrictions of the power back-off conditioned on the UL EARFCN. 
The PHS limit is -41 dBm/300kHz at 24 MHz separation from a 20 MHz channel and 19 MHz from a 15 MHz channel. Now, increasing the RBW to 1 MHz and with fingers crossed for some help by the duplexer (single dB), one could adopt a scaled -36 dBm/MHz PHS limit below 1900 MHz also for the 20 MHz channel BW at 20 MHz separation. 
The restriction of 54 RB needed to meet the -15.5 dBm/5MHz ECC value up to 25 MHz from the aggressor would not be required for the Band 1 aggressor when NS_05 is signaled. For the upper 5 MHz, we propose to adopt the +1.6 dBm/5MHz requirement used at the FDD/TDD boundary for Band 7 and Band 38 coexistence. 
3 Carrier aggregation implications (CA_1C)
The same limits should apply to carrier aggregation in Band 1 when deployed in the same geographical area as Band 39. The current A-MPR table for CA_NS_01 appears to apply for deployments above 1940 MHz [3] in Japan since the PHS requirements has been accounted for, even if not explicitly stated in 36.101:
If the UE is configured to CA_1C and it receives IE CA_NS_01 the allowed maximum output power reduction applied to transmissions on the PCC and the SCC for contiguously aggregated signals is specified in table 6.2.4A.1-1.

Table 3 (Table 6.2.4A.1-1 in 36.101): Contiguous allocation A-MPR for CA_NS_01

	CA_1C
	RBStart
	LCRB [RBs]
	RBstart +  LCRB [RBs]
	A-MPR for QPSK and 16-QAM[dB]

	100 RB / 100 RB
	0 – 30 and 170 – 199
	>0
	n/a
	[≤10]

	
	31 – 105
	>80
	n/a
	[≤5]

	
	105-169
	n/a
	>170
	[≤3]

	75 RB / 75 RB
	0-13 and 137 – 149
	>0
	n/a
	[≤10]

	
	13-79
	>55
	n/a
	[≤6]

	
	80-136
	n/a
	>137
	[≤2]

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per  slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Table 4 (Table 6.6.3.2A-1 in 36.101): Requirements

	E-UTRA  CA Configuration
	Spurious emission 

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

	CA_1C
	E-UTRA Band 1, 3, 7, 8, 9, 11, 20, 21, 22, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 33
	FDL_low 
	- 
	FDL_high
	-50
	1
	3, 6

	
	E-UTRA band 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	4, 6, 7

	
	E-UTRA band 39
	FDL_low 
	- 
	FDL_high
	-50
	1
	3, 7

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	4, 5

	CA_40C
	E-UTRA Band 1, 3, 33, 34, 39, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	CA_41C
	E-UTRA Band 2, 4, 5, 10, 12, 13 , 14, 17, 23, 24, 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
Applicable when CA_NS_01 in subclause 6.6.3.3A.1 is signalled by the network.
NOTE 5:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 6:
Applicable when CA_NS_02 in subclause 6.6.3.3A.2 is signalled by the network.
NOTE 7:
Applicable when CA_NS_03 in subclause 6.6.3.3A.3 is signalled by the network.


For CA_1C with carriers allocated down to the lower edge of Band 1 would then need additional back-off (there are additional NS values available).
4 Possible requirements
The proposed requirements are shown in Table 1. These would also be applicable in the OOB region.
Table 5: Proposed spurious (unwanted) emissions requirements

	E-UTRA  Band
	Spurious emission 

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

	1
	E-UTRA Band 1, 7, 8, 11, 20, 21, 22, 26, 27, 28, 38, 40, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 9, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880 
	- 
	1900
	-36
	1
	15, 23

	
	Frequency range
	1900
	- 
	1915
	-15.5
	5
	15, 23

	
	Frequency range
	1915
	-
	1920
	+1.6
	5
	15, 23

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	6, 8, 15

	…
	
	
	
	
	
	
	

	NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

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 6:
Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network.

NOTE 7:
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 

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 ΔfOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.

NOTE 21:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is  within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 2552 - 2560 MHz. No other restrictions apply for carriers with bandwidths confined in 2500-2570 MHz.

NOTE 22:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is  within the range 2605.5 - 2607.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is  within the range 2597 – 2605 MHz. No other restrictions apply for carriers with bandwidths confined in 2570-2615 MHz. For assigned carriers with bandwidths overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to +20 dBm in the IE P-Max.
NOTE 23:
Applicable when NS_05 is signalled by the network.


The applicability of NS_05 must be extended to cover the spurious emissions table in Clause 6.6.3.2 of 36.101. 
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