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1
Background
The transmitter and receiver requirements for APAC700 TDD are still outstanding. The prerequisites for the specification should be based on the following:
· the minimum requirements should apply for the entire frequency range 703-803 MHz,
· any possible filter arrangement is not specified just as for FDD, but may be assumed for the requirements,
· support of 20 MHz bandwidth,
· protection of broadcast below 694/698 MHz,
· GPS interference due to harmonics to be considered.
In this contribution we provide a text proposal to TR 36.820 that also contains provisional filter data from a vendor. In particular, the data suggests that a relaxation of the reference sensitivity is motivated in order to allow front-end filtering for suppression of in-band blockers (DTV below 694 MHz and Band 26/Band 27 interferers above 814/807 MHz):
· a +2 dB modification of the Band 33 reference value is suggested. 
For the transmitter requirements, suppression of the second harmonics that fall in the RNSS receive band 1559-1592 MHz may have to be considered for device-to-device coexistence. Therefore, for the maximum power a tentative requirement 
· +23 dBm +2/-[3] dB is suggested

in order to allow additional insertion loss in the TX path should a RNSS protection limit be needed. More details are given in the text proposal below.
The above proposals are implemented in the text proposal, which is the basis for a CR [1] against 36.101 for introduction of the APAC TDD band. It is recognized that the requirements may have to be modified later by the time the APAC700 TDD band is considered for deployment.
3
Proposal

We propose that the text below is included into Clauses 6 and 8 of TR 36.820.

References

1.    R4-122973, “Introduction of Band 44”, Ericsson, ST-Ericsson
TEXT PROPOSAL:

<start of text proposal>

6
List of band specific issues for LTE for 700 MHz digital dividend
- General issues

-
TDD frequency arrangement

-
Co-existence with nearby 3GPP bands

o
Co-existence with lower E850 sub-band

o
Co-existence with Band 26

o
Co-existence with Band 5

o
Co-existence with Band 18 and 19

-
Co-existence with TV broadcasting 

-
Co-existence with PPDR and TETRA systems

-
Regional frequency arrangements

-
E-UTRA issues

-
UE duplexer

o
FDD dual duplexer

o
TDD filter
-
UE transmitter requirements

· FDD
· TDD

o
Maximum output power

o
Spurious emission limits for protection of services above the band

-
UE receiver requirements

o
FDD


o
REFSENS


o
In- band blocking

o
TDD
o
REFSENS

o
In-band blocking
- 
BS Transmitter Requirements

o
Unwanted emissions

-
BS Receiver Requirements

o
Blocking

-
MSR issues

-
No issues found

< text omitted >

8.1.2.
TDD filter

8.2

UE Transmitter Requirements
8.2.1
FDD
8.2.2.
TDD
Before starting we make some general remarks on the specification for TDD:
· the minimum requirements should apply for the entire frequency range 703-803 MHz,
· any possible filter arrangement is not specified just as for FDD, but may be assumed for the requirements,
· support of 20 MHz bandwidth,
· protection of broadcast below 694/698 MHz (section 7.3),
· GPS interference due to harmonics to be considered.
The requirements discussed below are based on limited filter data, and are subject to changes when the band is due for deployment. 
8.2.2.1
Maximum output power
First we look at the impact of the unwanted emissions requirements on the MOP specification and possible need for band edge relaxations. Filter help is not readily at hand: a band-pass filter for the entire 100 MHz range is challenging even if a filter bank is used, but other more feasible filter solutions may work in view of the coexistence scenarios. 
· Considering unwanted emissions at the lower band edge  

· TC need not be introduced for protection of broadcast below 694 MHz, the A-MPR is still modest for compliance with -26.6 dBm/6MHz or -25 dBm/8MHz requirement below 694 MHz also without additional filter rejection.
For the upper band edge
· no TC need not be introduced for protection of higher bands (see Figure 1), the closest protected band above the passband is still at around ~ 50 MHz separation. 
A high-pass filter can possibly be used to suppress emissions into the higher bands, see Figure 8.2.2.1-1, and relaxation of the maximum output power requirements could also be introduced for improved blocking rejection at either edge if a bidirectional TX/RX RF filter is used (for close-in interferers), see Section 8.3.2.2.
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Figure 8.2.2.1-1: suppression of UE spurious emissions

Radio Navigation Satellite Services (RNSS that includes GPS and Beidou-2/Compass) may have to be protected: the second harmonics of TDD transmissions fall into the range 1559-1592 MHz used for open services as described in Section 8.2.2.2. In order to ensure device-to-device coexistence (i.e. not within the same device where coordination is possible), a protection limit around 1570 dB requiring 30-40 dB stop-band rejection may be considered. To accommodate the increased IL a modification of the lower tolerance of the MOP for the APT700 TDD band should be allowed: tentatively +23 dBm +2/[-3] dB for power class 3. This would also allow filtering to improve coexistence with high bands as shown in Figure 8.2.2.1-1 should this design option be chosen.
The maximum output power requirement is shown in Table 8.2.2.1-1 along with the requirements for other TDD bands.
Table 8.2.2-1: maximum output power for APAC 700 TDD and other selected TDD bands
	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	41
	
	
	
	
	23
	±22
	
	

	42
	
	
	
	
	23
	+2/-3
	
	

	43
	
	
	
	
	23
	+2/-3
	
	

	APAC700 TDD
	
	
	
	
	23
	+2/[-3]
	
	

	NOTE 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.

NOTE 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


8.2.2.2
Spurious emissions limits for protection of services above the band
The second harmonics of APT700 TDD UE(s) transmissions may overlap with navigation signals in the allocated in the frequency range 1559-1610 MHz (Radio Navigation Satellite and Aeronautical Radio Navigation). In particular, for Compass/BeiDou-2, we have the

1. E2 signal centered at 1561.098 MHz with 2.046 Mchip/s rate

2. E1 signal centered at 1589.74 MHz with 2.046 Mchip/s rate

These signals cover the band 1559.052~1591.788 MHz and are part of a set of signals (also in other bands) intended for both civilian and military use. For GPS we have the

1. L1 signal centered at 1575.42 MHz for the civilian L1C code and the M-code (10.23 Mchip/s)
The Galileo signals in the range overlap with Beidou-2 and GPS and are also denoted E2-L1-E1. These are used for both Open Services (OS) and Public Regulated Services (PRS) available to authorized users by government for e.g. emergency services. 

To ensure compatibility for the use cases above, the range 1559-1592 MHz (a 33 MHz stop band) may have to be protected. 
8.3
 UE receiver requirements
8.3.1
FDD

< text omitted >
8.3.2
TDD
8.3.2.1
REFSENS
The APAC TDD band may be the victim of in-band blocking signals below 694 MHz (DTV) and above 807/814 MHz by Band 27/Band 26 in the proximity of the passband. In order to allow implementations with band-stop (notch) filters in the RX front-end at the expense of RX IL, the baseline reference sensitivity of Band 33 should be modified. Provisional filter data suggests a 2 dB relaxation of the baseline Band 33 reference sensitivity, see Section 8.3.2.2. The resulting REFSENS requirement is shown in Table 8.3.2.1-1.
Table 8.3.2.1-1: reference sensitivity for APAC 700 TDD and other selected TDD bands
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	APAC700 TDD
	
	[-100.2]
	[-98]
	[-95]
	[-93.2]
	[-92]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.
Note 6:
6  indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.


8.3.2.2
In-band blocking
The closest E-UTRA/UTRA interferers to be considered for in-band blocking 
· Band 27 at 807 MHz: an RF RX filter rejection may not be feasible

· Band 26/XXVI at 814 MHz: some RF RX filter rejection may be possible with an impact on IL at upper edge. 

Just as for FDD, any additional in-band blocking cases are not introduced; the OOB emission from wideband interferers is the dominant effect in most cases for the two scenarios above. It is more relevant to make sure ’sufficient’ OOBE protection level is specified for aggressors in adjacent bands. However, the specification should allow implementations with filters to suppress the UTRA/E-UTRA blockers, which would imply a relaxation of the RX IL at the upper edge.
For blocking by DTV signals, notch filters may be used, which would have an impact on RX IL at lower edge and allow a relaxation to accommodate and increased insertion loss. It could be possible to rely on standard in-band blocking requirements for DTV below 694 MHz, which corresponds to a -44 dBm level as displayed in Figure 8.3.2.2-1, but recognizing that the received DTV power may well exceed this level in some deployment scenarios (see Section 7.3.1).


[image: image2]
Figure 8.3.2.2-1: blocking by DTV and relation to the standard in-band requirements.

Even if the standard in-band blocking test is used, the specification should allow implementations with filter to suppress these blockers, which would imply a relaxation of the RX IL at the lower edge. This may also imply an IL penalty in the TX path if a bidirectional TX/RX filter is used.
Figure 8.3.2.2-2 shows provisional results of a band-stop filter suppressing the highest DTV channel below 694 MHz with the filter traces displayed at room temperature. Significant rejection can be achieved but there is no room for temperature variation. The RX IL penalty at the upper band edge (803 MHz) is 2.5 dB.

[image: image3]
Figure 8.3.2.2-2: provisional trace of band-stop filter for the highest DTV channel below 694 MHz.
In general, provisional simulations from one filter vendor suggests that, using band-stop (notch) filters,
· rejection of DTV channels below 698 MHz (5 MHz separation) is not feasible at a reasonable RX IL penalty,
· rejection of DTV channels below 694 MHz (9 MHz separation) is feasible,
· rejection of Band 27 interferers above 807 MHz (4 MHz separation) is not feasible at a reasonable RX IL penalty, 
· rejection of Band 26 interferers above 814 MHz (11 MHz separation) is feasible.

For the cases of Band 26 and DTV below 694 MHz (the most common), the estimated specified RX IL is of the order of 4 dB at 30 dB rejection. 
The estimation of the RX IL is based on the assumption that the filter is designed for one of the interference cases above; if multiple cases need consideration the IL increase and stop-band rejection may not be achieved. Therefore, this suggests that no additional in-band blocking case be specified but that a relaxation of the reference sensitivity is considered to make room for additional IL in the RX path if a band-stop filter is implemented for one particular blocking scenario. Anticipating further optimization, a relaxation of the reference sensitivity of 2 dB may be relevant. 
8.4
BS Transmitter Requirements

<end of text proposal>
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