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1 Introduction
In TS36.101, the Rx performance for REFSENS is defined for each channel bandwidth assuming maximum Tx power and RB allocation. If we consider the impact of IP2 in the Rx demodulation path it may be useful to also consider the impact of REFSENS for smaller UL and DL RB allocations for FDD operation.  
In this document we look at a number of issues which drive the IP2 requirement associated with smaller UL and DL RB allocations. Taking into account the issues raised we propose changes to the current specification in CR R4-091801 to address the observation raised in this paper
2 Background
For LTE FDD operation REFSENS degradation can occur from Tx OOB emission at the Rx frequency. As the Tx OOB band emission scale with the number of RB allocations the desense degradation would increase. In TS36.101 this degradation is captured by specifying the RFSENS at the maximum allowed RB allocation (clause 7.3.1) 
REFSENS degradation can also occur if there is insufficient Rx filter isolation at the Tx frequency and a insufficient IP2 margin in the demodulation chain. As IP2 performance is related to PSD of the transmitted signal, this degradation is more pronounced for smaller RB allocations and channel bandwidths. Currently there is no REFSENS performance requirements defined in TS36.101 for these scenarios of small RB allocations
3 Receive IP2 (2nd order intercept point dBm)
IP2 intermodulation products due to the unwanted Tx leakage signal results in noise components around the demodulated DC sub-carrier which can cause desense for these allocated DL sub-carriers. In this section we look at a number of issues which drive the IP2 requirement;
3.1
IP2 spectrum location / channel bandwidth
In the case of a 1RB UL transmitted configuration there is a noise spectrum of ±1RB centred on the demodulated DC sub-carrier. The position of this noise envelope is always centred on the DC sub-carrier location irrespective of the location of UL transmitted RB (RB_Start position). Demodulated sub-carriers further away from the DC sub-carrier are unaffected.  The ±1RB noise envelope is shown in Figure 3.1-1 below
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Figure 3.1-1: IP2 spectrum; 5 MHz channel, Single RB allocated; zoomed

For 2 RB UL transmitted configuration the noise envelope would be ±2 RB in bandwidth and so on for larger UL RB configurations i.e. 2 x the UL transmitted RB allocation centred on the demodulated DC carrier. However, the amplitude of the noise envelope would reduce in line with lower UL spectral density. 
In the limiting case of full RB allocation the noise envelope would extend outside of the full Rx channel bandwidth but at lower amplitude, similar to the WCDMA case. The full RB scenario is shown below in Figure 3.1-2
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Figure 3.1-2; IP2 spectrum; 5 MHz channel, fully allocated
3.2

IP2 Modulation

The receiver demodulation IP2 performance is a function of the UL modulated signal in terms of PAR and hence IP2 should be considered with respect to a UL modulation format. The lower the UL PAR/CM the lower the IP2 protection number needed. QPSK modulation will reduce IP2 performance. 16QAM would require a further 1dB additional IP2 performance compared to QPSK. However, since the specification allows a 1dB MPR reduction due to the higher modulation the impact of PAR/CM on IP2 performance is unchanged for 16QAM. 64QAM is FFS since MPR requirement for this UL modulation has not been addressed.
3.3

IP performance
In the case of WCDMA the transmitted bandwidth is fixed (3.84MHz). For LTE the transmitted configured bandwidth can range from 180KHz (1RB) to 18MHz (100RB) for the same transmitted power. Hence the spectral density of the 1RB configuration is 14dB higher than an equivalent 5 MHz (25 RB) case. This implies that in order to maintain the same REFSENS desense design goals a 1RB transmitted LTE configuration would need a significant improvement of IP2 performance relative to WCDMA 
3.4

Channel bandwidth  

In TS36.101, the Rx performance for REFSENS is defined for each channel bandwidth assuming maximum Tx power and full UL/DL RB allocation. Based on this methodology a 1.4MHz channel bandwidth (6RB) would seem to be impacted more than a 5MHz (25RB) channel bandwidth.
However, this desense for the 1 RB case also be applicable for wider channels where the system impact is more critical due to difference in link level. This is because the same eNodeB power is assumed for all the transmitted DL sub-carriers and hence the impact of desense is worse for the wider channel due to a lower link level transmit power per RB
3.5

Dual Rx antenna 

Based on support of dual Rx antenna in LTE, the impact of Tx leakage can be mitigated for the 2nd Rx demodulation path due to the isolation provided between the main Tx1 /Rx1 antenna and the 2nd Rx2 antenna as shown in Figure 3.5-1 below; 
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Figure 3.5-1; FDD Dual Rx antenna –Tx leakage
For a conducted scenario, and assuming equal IP2 and filter performance for both Rx demodulation paths, the amount of desense for the affected Rx RBs would be mitigated. This assumes ideal maximum ratio combining in the baseband, since only one Rx path would suffer from IP2 desense. However, we need to be cautious in assuming this limited degradation since it assumes that both Rx paths have equal radiated (antenna gain) and conducted performance (noise figure are the same, etc). So, in practise, the dual receiver will provide benefits in terms of IP2 desense, but this depends on UE implementation of the dual receiver.
3.6

Idle and connected mode
Since desense is a function of the transmitted signal, the impact would be different for idle and connected mode. Since the noise envelope is located around the demodulated DC carrier (see figure 3.6.1), some physical channels may be more impacted by the noise envelope than others and these are indicated below; 
· BCH, P-SCH, S-SCH (mapped across centre 6RBs, UE not likely to be transmitting)
· PDCCH, PHICH (mapped across full channel bandwidth, UE likely to be transmitting)
· PDSCH (mapped across the full channel bandwidth, UE likely to be transmitting)Reference signals around DC are also impacted  when UE is transmitting
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Figure 3.6-1; Rx demodulated (RB+ IP2 noise) 

However, from a system aspect, the impact would be mitigated by channel coding and other Layer 1 enhancements and is not addressed in this document
3.7

Summary of findings
In previous RAN4 analysis the maximum allowed RB to meet the RFSENS requirement were based on a maximum transmit power of +23dBm, a 50dB duplex antenna isolation and a 0.5dB Rx target desense value. 

IP2 (2nd order intercept point) performance can range from +45dBm to +60dBm depending on the RF ASIC implementation. This IP2 value is reduced due to the (PAR/CM) of the UL modulation. Increasing the IP2 performance or linearity performance of Rx I/Q demodulation chain is not always feasible.

Alternatively, providing an improvement in the duplex filter isolation performance is equally difficult. Duplex Tx to Rx isolation can range for 45dB to a maximum of around 55dB. If the duplex gap is small or adjacent channel interference protection is needed this isolation can degrade. Hence it may be difficult to guarantee or even achieve this high 55dB Tx –Rx isolation value. 

One important aspect to also consider the above values represents best in class performance from sub-vendors based on standalone components verification or sample design. These values cannot always be guaranteed in practical transceiver for example; integration due to parasitic coupling within the duplex filter module or when mounted on the PCB will degrade filter isolation. Handset vendors need to implement much large operation temperature conditions (filter isolation and IP2 calibration degrades) for regional deployment and need for roaming.  Multi-band operation increases this problem due to additional components and switching elements needed. Hence the maximum IP2 and filter isolation are somewhat lower when integrated into handset
Table 3.7-1 shows the relationship between Rx desense target (0.1, 0.5 and 1dB) and the required RF filter isolation and the IP2
 protection needed for a 24dBm
 (23±2dB) transmit power for 1RB, 2RB, 6RB(1.4MHz), 15RB(3MHz) and 25RB(5MHz) – not taking into account any mitigation due to the 2nd antenna. 
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mitigation

dB 0.1dB 0.5dB 1.0dB 0.1dB 0.5dB 1.0dB 0.1dB 0.5dB 1.0dB 0.1dB 0.5dB 1.0dB 0.1dB 0.5dB 1.0dB

50 79 72 68 76 69 65 68 61 58 65 58 55 63 56 52

51 77 70 66 74 67 63 66 59 56 63 56 53 61 54 50

52 75 68 64 72 65 61 64 57 54 61 54 51 59 52 48

53 73 66 62 70 63 59 62 55 52 59 52 49 57 50 46

54 71 64 60 68 61 57 60 53 50 57 50 47 55 48 44

55 69 62 58 66 59 55 58 51 48 55 48 45 53 46 42

56 67 60 56 64 57 53 56 49 46 53 46 43 51 44 40

57 65 58 54 62 55 51 54 47 44 51 44 41 49 42 38

58 63 56 52 60 53 49 52 45 42 49 42 39 47 40 36

59 61 54 50 58 51 47 50 43 40 47 40 37 45 38 34

60 59 52 48 56 49 45 48 41 38 45 38 35 43 36 32

Rx Desense / IP2 (dBm)

1 (RB) 2 (RB) 1.4MHz (6 RB) 3.0 MHz (15 RB) 5MHz (25 RB)

Rx Desense / IP2 (dBm) Rx Desense / IP2 (dBm) Rx Desense / IP2 (dBm) Rx Desense / IP2 (dBm)


Table: 3.7-1; RF filter / Rx desense / IP2

Some observations;

· 5MHz (25RB) meets the 0.5dB desense target. Filter isolation of 50dB and IP2 of +56dBm is needed to meet this desense target (similar to WCDMA.)
· 3MHz (15RB) just meets the 0.5dB desense target. Filter isolation of 50dB and IP2 of +58dBm is needed. This is a +2 dB tighter IP2 requirement than the 5MHz case. 
· 1.4MHz (6RB) cannot meet the 0.5dB desense target and requires a relaxation in desense value. 

· 2RB requires a +9dBm improvement (IP2 of +69dBm) to meet the desense target or 5dB improvement in filter isolation to 55dB. These levels of implementation are not available. Note, in 2RB case desense is only applicable for the 4 demodulated RB centred on the DC carrier. 
· 1RB requires a IP2 of +72 dBm to meet the desense target or 6dB improvement in filter isolation. These levels of implementation are not available. Note, in 1RB case desense is only applicable for the 2 demodulated RB centred on the DC carrier 

Figure 3.7-1 shows the impact of desense verse RB allocation irrespective of channel bandwidth. In this case more realistic implementations of IP2 (+58dBm) and filter isolation (50dB) value are used taking into account handset integration issues highlighted earlier. Allowed MPR is not included in the plot below since this changes with channel bandwidth, however, this only applies to > 5RB 
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Figure 3.7-1; FDD desense vs. transmitted RB (50 dB filter isolation, 58dB IP2)
Some observations;

· For every # of TX RB’s the desense would be applicable to 2 x # of TX RB’s centred on the DC sub-carrier

· For full RB allocation (25 RB) the desense is consistent with WCDMA but increases with the PSD of UL signal as the allocated UL RB are reduced. 
· Current RAN4 specification only cover specify the desense requirements at full RB allocation and at maximum power. From the above figure, we note for smaller RB allocation the desense increases considerably and is highly dependant on the values of filter isolation and IP2 parameter. This omission could results in desense values significantly higher than those shown above unless a requirement is specified for the 1RB case in release 8.

One way to mitigate the impact of desense would be to increase the Tx- Rx isolation by the addition of an inter-stage filter (and possibly an additional LNA to maintain the NF-now we have increased the filter losses) when supporting LTE mode as shown in Figure 3.7-2. This will require additional filter + LNA component for each operating band and possible each Rx path (dual receiver).
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Figure 3.7.2: Example FDD direct conversion receiver with additional inter-stage band filter

However, adding an inter-stage filter will increase component cost, space and disadvantage the support of multi band. This may also require a different architecture for the support of LTE and WCDMA and TDD since this filter is not needed for WCDMA or TDD operation. Another impact would also be an increase in ΔRC due to the additional band filter. So although this approach might seems reasonable this architecture is not compatible with the need to support multi-band and multi–mode terminals. Currently 32 operating bands are specified in 36.101 (and increasing) and terminals will be required to support a large sub-set of these operating bands for regional and global roaming.  
4 Specification impact

Based on the analysis in section 3 we can make the following observations;
1. Due to the increase in spectral density for low UL RB allocations, the IP2 performance of the demodulation chain has an impact on the REFSENS performance for sub-carrier located around the DC sub-carrier. As the number of UL RB allocations increase the desense impact is reduced due to the decrease in UL spectral energy density.
2. Worst case scenario is for 1RB allocation for all channel bandwidths 

3. The impact of the higher UL spectral energy for lower RB allocations can be reduced by implementation of a high IP2 performance target or an increase in the RF front end filtering. However, both these scenarios would add cost and complexity to the Rx.  This option would also make it difficult to maintain commonality of the RF arch for WCDMA and LTE. 

4. Since support of dual Rx antenna is mandatory for LTE, the impact of Tx leakage is mitigated for the 2nd Rx demodulation path due to the isolation provided between the main Tx1 /Rx1 antenna and the 2nd Rx2 antenna. 

To address these observations we propose the following; 
1. The REFSENS requirements in Table 7.3.1-1 for full UL channel allocation should allow some relaxation to account for practical IP2 and filter implementation. We propose this should be relaxed by [1] dB for the 1.4 MHz channel bandwidth This relaxation is only needed for FDD operation 
2. RFSENS requirements for smaller RB allocations could also be defined in the specification particularly in the case of 1RB allocation in the UL. In this case a [6] dB exception should be allowed for DL allocations centred at ±1RB around the DC carrier and would address the requirement for small RB allocations for all bandwidths.  This relaxation is only needed for FDD operation 
Text proposal in CR R4-081801 for TS36.101 is provide below; 
7
Receiver characteristics

7.1
General

Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. . For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). 
The levels of the test signal applied to each of the antenna connectors shall be as defined in the respective sections below. 
All the parameters in clause 7 are defined using the DL reference measurement channel specified in Annex A.3.2 and using the set-up specified in Annex C.3.1
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. Requirements for 4 ports are FFS. With the exception of clause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.

7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2 with parameters specified in Table 7.3.1-1 and table 7.3.1-2
Table 7.3.1-1: 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

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-103.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-105.2
	-102.2
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	FDD

	7
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	-
	-
	-99
	-96
	-94.2
	-93
	FDD

	10
	-
	-
	-100
	-97
	-95.2
	-94
	FDD

	11
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	12
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	13
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-[99.2]
	[-97]
	[-94]
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	38
	-
	-
	-100
	-97
	
	
	TDD

	39
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	40
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to maximum output power level (Table 7.3.1-2)
Note 2:
Reference measurement channel is A.3.2
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 of Band 3 + 0.5 dB is applicable for band 9



Note 1: The relation to the received PSD is 
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 with NRB is the maximum transmission configuration according to Table 5.6-1.

Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Maximum 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

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	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
	751
	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
	201
	201
	
	
	FDD

	13
	6
	15
	201
	201
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	6
	15
	201
	201
	
	
	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 
	-
	-
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	
	50 
	75 
	100 
	TDD

	Note 1:       Maximum number of UL  resources blocks allocated is less than the total resources blocks supported by the channel bandwidth 


7.3.2

Requirement for large transmission configurations 

For some combinations of bandwidths and operating bands, a certain relaxation of the UE performance is allowed when the transmission configuration is larger than that in Table 7.3.1-2. Table 7.3.2-1 specifies the allowed maximum sensitivity degradation (MSD) when the UL resource block allocation is the total resource blocks (Table 5.6-1) supported by the channel bandwidth. 

Table 7.3.2-1: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dB)
	3 MHz

(dB)
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	Duplex Mode

	1
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	2
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	5
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	6
	
	
	n/a
	TBD
	
	
	FDD

	7
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	8
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	9
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	10
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	11
	
	
	n/a
	TBD
	TBD
	TBD
	FDD

	12
	
	
	TBD
	TBD
	
	
	FDD

	13
	n/a
	n/a
	TBD
	TBD
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	17
	
	
	TBD
	TBD
	
	
	FDD

	Note:


        1.      The transmitter shall be set to maximum output power level with MPR applied and with the maximum transmission configuration (Table 5.5-1) allocated 




7.3.3

Requirement for smaller transmission configurations 

For some combinations of UL transmission configurations, a certain relaxation of the UE performance is allowed  

Table 7.3.3-1 specifies the allowed maximum sensitivity degradation (MSD) measured for the ±1 demodulated RB centred around the DC-sub-carrier when the UL resource block allocation is 1 RB 
Table 7.3.3-1: Maximum Sensitivity Degradation 
	Channel bandwidth

	
	1.4 MHz


	3 MHz


	5 MHz


	10 MHz


	15 MHz


	20 MHz


	Duplex Mode

	MSD
	6 dB
	FDD

	1. Note:


2. The transmitter shall be set to maximum output power level 
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� IP2 values >60 dB are shaded in grey  


� MPR is provided inline with TS36.101based on QPSK modulation
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