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1
Introduction
In this contribution we propose UE reference sensitivity requirements, discuss in-band blocking requirements for APAC700, and supply a TP to TR 36.820.
2
Background
2.1
Prerequisites for the specification

For specifying the receiver minimum requirements for APAC700, we assume a split-duplexer architecture with 30 MHz passband of the two filters. However, this architecture should not be specified and the requirements apply for the entire frequency range 703-748/758-803 MHz. We also assume support of the 20 MHz bandwidth with restrictions.
2.2
UE REFSENS
Support of the 20 MHz channel with a duplex spacing of 55 MHz for APAC700 means that the standard WCDMA requirements for Band 1 with its 120 MHz duplex spacing cannot be scaled, the impact of the transmitter noise will be dominating for APAC700. This is similar to the case of Band 20, which has an even smaller spacing (41 MHz) and an exceptional test configuration for the REFSENS test. For APAC700 we propose to use the standard methodology with an UL allocation at the worst case position at the upper edge of the TX channel: the purpose of the test is to verify the noise factor. 
The reference sensitivity requirement should apply both for a standard diversity-architecture (1 TX) and for UL MIMO (2 TX). Assuming a 25 PRB allocation for the 20 MHz channel, we obtain a tentative -88.5 dBm minimum requirement applicable to any of these architectures. 
2.3
UE 
In-band blocking

We also discuss the in-band blocking requirements. The APAC700 receive band can be subject to nearby blockers from either Band 26 or lower E850 if deployed in the same geographical area. For a Band 26 interferer, the separation is sufficient for the APAC700 RF filter to provide rejection so the standard requirements are sufficient. However, for a lower E850 interferer, no additional rejection would be provided for a 1.4 MHz E-UTRA aggressor allocated down to the lower frequency limit of the lower E850. It would be possible to specify additional in-band blocking cases for this case, or to limit the bandwidth that can be allocated at the upper edge of APAC700 to reduce the risk of blocking. However, the OOB emission from the aggressor is dominating in most coexistence cases, and we therefore propose not to limit the allowed bandwidths. For compatibility with lower E850, it is more relevant to make sure the spurious emission limit for protection of APAC700 MHz is sufficiently tight (below -30 dBm/MHz).
Another way to reduce the impact of blocking is to use network selection of the two filters in the split duplexer architecture. We propose that this should not be allowed: the switched duplexer arrangement should not be specified. 

3
Proposal

We propose that the

· standard test configuration for verifying REFSENS is  used with the uplink allocation at the worst case position 

· the reference sensitivity for the 20 MHz is tentatively set to -88.5 dBm with a 25 PRB uplink allocation.

This is captured in the text proposal below, proposed to be included into Clauses 6 and 8 of TR 36.820.

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

-
A-MPR for co-existence
-
UE receiver requirements

· FDD

· REFSENS

· In-band blocking

· TDD
-
MSR issues

-
No issues found

< text omitted >

8.3

UE receiver requirements
8.3.1
FDD
For the UE receiver minimum requirements we assume a split-duplexer arrangement with 30 MHz and characteristics according to Tables 8.1.1-1 and 8.1.1-2, but we assume that the minimum requirements apply for the entire frequency range 703-748/758-803 MHz just as for the transmitter requirements. We also assume that the constituent filters DPX1 and DPX2 of the split-duplexer arrangement cannot be selected by the network: this selection is UE implementation specific.
8.3.1.1
REFSENS
For estimating reference sensitivity we do not apply scaling of WCDMA requirements by the bandwidth like for many other operating bands, but assume instead that the thermal noise contribution excluding transmitter noise is


[image: image10.wmf]
where LANT-RX and NFRFIC is the attenuation from the antenna to the LNA and the noise factor of the RFIC, respectively. For simplicity we assume that the noise contribution is the same on both RX branches since different architectures, diversity or UL MIMO, must be covered by the minimum requirement. We then add the impact of the transmitter noise for these configurations and pick the worst case as dimensioning. 
For the transmitter noise, we assume the standard test configuration with the UL PRB allocation located at the upper edge of the TX band, the worst case. The purpose of the test is to verify the noise factor, and recognising that the transmitter noise may be smaller if a PRB allocation of the same size is allocated away from the upper edge.
The requirement should apply for a standard diversity receiver with one main TX/RX branch and one diversity RX, whence the SNR is
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assuming standard MRC expression can be used, and 
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when the transmitter noise is dominating (correlated noise). Here Vt denotes the transmitter noise and c the attenuation between the TX/RX branches in a conductive test. We then have
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 at the minimum SNR. 
The requirements should also apply for 2 TX for a UE supporting UL MIMO, hence
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assuming that the UE is configured for dual-codeword transmission (uncorrelated transmitter noise), with Vt1 and Vt2 the transmitter noise of the two transmitters. The total output power at the antenna port is up to 23 dBm (nominal). 
The transmitter noise is estimated as
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where aTX-RX and ACLRRX is s the duplexer isolation@RX and the noise falling into the receive bandwidth, respectively. Following the data in Tables 8.1.1-1 and 8.1.1-2 we assume aTX-RX  = 43 dB instead of the standard 45 dB (governed by DPX2 performance) recognizing that the specification can be less than 43 dB. The ACLRRX  is shown in Table 8.3.1.1-1 for various UL allocations.

Table 8.3.1.1-1 ACLRRX (dBc) for various UL allocations
	E-UTRA Band
	10 MHz
	15 MHz
	20 MHz

	APAC700
	[99.2] (15 RB)

[94.4] (20 RB)

[88.7] (25 RB)
	[81.8] (15 RB)1
[84.5] (20 RB)

[81.9] (25 RB)


	[71.9] (15 RB)1
[75.0] (20 RB)

[73.9] (25 RB)



	NOTE 1:     MPR = 0 dB


The 20 MHz bandwidth is challenging; the TX-RX separation is only 35 MHz (duplex separation 55 MHz), close to the OOB boundary of the uplink carrier which is 25 MHz for the 20 MHz bandwidth. This can be compared to 21 MHz for Band 20, which has an exceptional arrangement for its 25 PRB uplink allocation. Using LANT-RX = 5 dB, NFRFIC = 4 dB, |c|2 = 10, and a 25 PRB UL allocation with a minimum SNR = 1 dB including implementation margin, we obtain         PREFSENS = -89.5 dBm for the diversity-only architecture with TX noise dominating, and PREFSENS = -88.5 dBm for the 2TX UL MIMO architecture at 22 dBm output power. The 15 PRB allocation is in fact worse (since no MPR), but a 25 PRB is still sufficient for verifying the noise factor as the transmitter noise is still high.
The resulting reference sensitivity is shown in Table 8.3.1.1-2 and Table 8.3.1.1-3 that includes selected other bands for comparison (Band 3 with duplex spacing of 95 MHz with 50 PRB allocation and Band 4 with a very large spacing and full uplink allocation).
Table 8.3.1.1-2: Reference sensitivity QPSK PREFSENS 

	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

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	APAC700
	
	TBD
	TBD
	[-96]
	[-93.5]
	[-88.5]
	FDD


Table 8.3.1.1-3: Uplink configuration for reference sensitivity

	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

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	201
	203 
	203
	FDD

	APAC700
	
	15
	25
	251
	251
	251
	FDD

	Note 
1.
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). 

2.
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

3.
For Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart _11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart _16


For the smaller bandwidth, the isolation at TX is important. Tables 8.1.1-1 and 8.1.1-2 indicate that the attenuation at TX is less than the 52 dB commonly assumed and leakage through switches may have to be considered for the overlapping DPX1 and DPX2 ranges, which should be considered for IIP2 performance.
8.3.1.2
In-band blocking
For the in-band blocking requirements, we observe from Figure 5.1-1 that both Band 26 and the lower E850 TX bands fall within the in-band blocking range for APAC700, which could merit additional in-band blocking cases for APAC700 to reduce the risk of blocking. Figure 8.3.1.2-1 shows a typical duplexer response for DPX2 at room temperature. 

[image: image7]
[image: image8]
Figure 8.3.1.2-1: a typical duplexer response for DPX2 in the receive range.
For a Band 26 aggressor, we observe that the upper filter DPX2 would provide a 20 dB rejection above 814 MHz, which indicates (only one example filter implementation) that no additional in-band  blocking case is needed for protection from Band 26 blockers. 
For a lower E850 aggressor, the rejection is very limited, the worst blocking case is a 1.4 MHz carrier allocated down to 806 MHz: the filter in Figure 8.3.1.2-1 would only provide rejection above 808 MHz (10 dB at room temperature). The rejection would not be much better than that provided by the adjacent channel selectivity (ACS). For many deployments, e.g. in Region 2, there are narrowband (25 kHz) blockers down to 806 MHz for which there is no rejection. One possibility is to specify a tighter requirement (higher blocker level) for the in-band blocking Case 1 for which a 5 MHz interferer is assigned at 808-813 MHz for the larger bandwidths; the DPX2 would then provide limited rejection. The standard blocking level for this case is -56 dBm. However, narrowband 25 kHz or 1.4 MHz E-UTRA carriers down to 806 MHz is still the worst case.
Another way for improving blocking performance is to limit the E-UTRA channel bandwidths allocated at the upper edge of the APAC700 band. However, for wideband interferers like E-UTRA lower E850 carriers, the OOB emission is the dominant interferer source in most cases. It is therefore more important to specify a relevant unwanted emission level for lower E850 aggressors rather than restricting the APAC700 bandwidth for the fewer cases where blocking is the liming case.
Hence specification of additional in-band blocking cases or bandwidth restrictions to reduce impact for lower E850 blockers would be of limited value: there is no duplexer rejection of a 1.4 MHz E-UTRA blocker down to 806 MHz.  Blockers above 810 MHz (including temperature variation) would be attenuated by the DPX2 filter for the filter implementation shown in Figure 8.3.1.2-1. 
8.3.2
TDD
< text to be added >

9
Study of MSR specific issues

<end of text proposal>
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