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1
Introduction
Receive signal impact due to the transmission of DC-HSUPA has been studied in a couple of scenarios [1-3]. In [1], potential DC-HSDPA REFSENS degradation was studied in the case when the DC-HSUPA waveform is transmitted. However, it was also shown [2] that at the locations where DC-HSUPA is applicable in a macro-cellular network, the path loss is not expected to be that large (<127dB), and as a result the receive signal strength at the UE (-84dBm/3.84MHz) is very strong. In other words, with reasonable network supervision, the second uplink carrier can be de-activated before the UE reaches a DC-HSDPA RFSENS region. Based on [2], it was agreed that there is no need to introduce the DC-HSDPA REFSENS requirements with the transmission of DC-HSUPA in RAN4 #52bis [4].
In RAN4 #53, there was also a discussion on other DC-HSDPA Rx RF requirements with DC-HSUPA transmission, where the impact of DC-HSUPA transmission on DC-HSDPA intermodulation and blocking performance was analyzed [3].
In this contribution, we present the analysis of DC-HSUPA transmission impact on DC-HSDPA Rx RF performance, including the in-band blocking, narrow band blocking, intermodulation and ACS requirements.
2
Methodology
DC-HSDPA Rx core requirements in the presence of DC-HSUPA transmissions is investigated via simulation. The cross modulation noise in the Rx band between the DC-HSUPA Tx signal and interfering signal(s) is measured ignoring the Rx band noise due to the Tx PA. This is a reasonable assumption in most of the bands for which the Tx-Rx frequency separation is large. For those bands, in which the Tx-Rx frequency separation is small, the Rx band noise is taken into effect. Based on the level of cross modulation noise observed in the Rx band and total noise level, the corresponding required received signal power is derived. The simulation set-up is shown in Figure 1. In simulation, the measurements at “Input”, “Output 3-rd order” and “Filtered Cross Mod” in Figure 1 will be shown.
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Figure 1. Simulation set-up to measure the cross modulation noise in the Rx band
3
In-band blocking performance
DC-HSDPA In-band blocking performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, observations and derivation of the required received signal power < Îor> for in-band blocking are provided below.
Assumptions
· Blocker = -56 dBm @ 10 MHz offset [5]
· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm [5]
· Geometry = -5.5 dB [6]
Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -98.5 dBm (shown in Figure 2)
· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm (depending on the band)
1. When the Rx band noise due to the Tx PA is negligible,
· Total noise (Cross mod noise + Ioc) = -94.8 dBm to -92.8 dBm

· < Îor> for in-band blocking (Total noise + Geometry) = -100.3 dBm to -98.3 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),
· Rx band noise due to Tx PA = -89.2 dBm
· Total noise (Cross mod noise + Ioc + Rx band noise) = -88.1 dBm to -87.6 dBm

· < Îor> for in-band blocking (Total noise + Geometry) = -93.6 dBm to -93.1 dBm
3. Existing spec

· < Îor> for in-band blocking (<REFÎor>+3 dB) = -99.7 dBm to -96.7 dBm
As shown above, when the Rx band noise is negligible, no relaxation is needed for the in-band blocking requirements compared to the existing spec [5]. However, when the Rx band noise is non-negligible, some relaxation is needed. One option is to relax < Îor> and the other option is to restrict Max Tx power of DC-HSUPA transmission as proposed in [7]. It should be noted that Rx band noise due to Tx PA is different from band to band. Therefore, further analysis is required to determine the final requirements for all bands.
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Figure 2. Cross modulation noise in Rx band for in-band blocking requirements
4
Narrow band blocking performance
DC-HSDPA narrow band blocking performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, observations and derivation of the required received signal power < Îor> for narrow band blocking are provided below.

Assumptions

· GMSK blocker = -56 dBm @ 2.7 MHz offset
 [5]
· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm [5]
· Geometry = -5.5 dB [6]
Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -94.3 dBm (shown in Figure 3)

· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm depending on the band

1. When the Rx band noise due to the Tx PA is negligible,

· Total noise (Cross mod noise + Ioc) = -92.5 dBm to -91.2 dBm

· < Îor> for narrow band blocking (Total noise + Geometry) = -98.0 dBm to -96.7 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),

· Rx band noise due to Tx PA = -89.2 dBm

· Total noise (Cross mod noise + Ioc + Rx band noise) = -88.7 dBm to -88.5 dBm

· < Îor> for narrow band blocking (Total noise + Geometry) = -94.2 dBm to -94.0 dBm
3. Existing spec

· < Îor> for narrow band blocking (<REFÎor>+10 dB) = -92.7 dBm to -89.7 dBm
As shown above, no relaxation is needed for the narrow band blocking requirements. However, it should be noted that Rx band noise due to Tx PA is different from band to band. Therefore, further analysis is required to determine the final requirements for all bands.
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Figure 3. Cross modulation noise in Rx band for narrow band blocking requirements
5
Intermodulation minimum performance
DC-HSDPA intermodulation minimum performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, observations and derivation of the required received signal power < Îor> for intermodulation minimum requirements are provided below.

Assumptions

· CW blocker = -46 dBm @ 10 MHz offset [5]
· ACS blocker = -46 dBm @ 20 MHz offset [5]

· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm

· Geometry = -5.5 dB [6]
Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -84.6 dBm (shown in Figure 4)

· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm depending on the band

1. When the Rx band noise due to the Tx PA is negligible,

· Total noise (Cross mod noise + Ioc) = -84.4 dBm to -84.1 dBm

· < Îor> for intermodulation minimum requirements (Total noise + Geometry) = -89.9 dBm to -89.6 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),

· Rx band noise due to Tx PA = -89.2 dBm

· Total noise (Cross mod noise + Ioc + Rx band noise) = -83.2 dBm to -82.9 dBm

· < Îor> for intermodulation minimum requirements (Total noise + Geometry) = -88.7 dBm to -88.4 dBm
3. Existing spec

· < Îor> for intermodulation minimum requirements (<REFÎor>+3 dB) = -99.7 dBm to -96.7 dBm
As shown above, some amount of relaxation is needed for intermodulation minimum requirements. It should be noted that Rx band noise due to Tx PA is different from band to band. Therefore, further analysis is required to determine the final requirements for all bands.
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Figure 4. Cross modulation noise in Rx band for intermodulation minimum requirements
6
Intermodulation narrow band performance
DC-HSDPA intermodulation narrow band performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, observations and derivation of the required received signal power < Îor> for intermodulation minimum requirements are provided below.

Assumptions

· CW blocker = -43 dBm @ 3.5 MHz offset
 [5]
· GMSK blocker = -43 dBm @ 5.9 MHz offset [5]
· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm [5]
· Geometry = -5.5 dB [6]
Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -80.2 dBm (shown in Figure 5)

· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm depending on the band

1. When the Rx band noise due to the Tx PA is negligible,

· Total noise (Cross mod noise + Ioc) = -80.1 dBm to -80.0 dBm

· < Îor> for intermodulation narrow band (Total noise + Geometry) = -85.6 dBm to -85.5 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),

· Rx band noise due to Tx PA = -89.2 dBm

· Total noise (Cross mod noise + Ioc + Rx band noise) = -79.6 dBm to -79.5 dBm

· < Îor> for intermodulation narrow band (Total noise + Geometry) = -85.1 dBm to -85.0 dBm
3. Existing spec

· < Îor> for intermodulation narrow band (<REFÎor>+10 dB) = -92.7 dBm to -89.7 dBm
As shown above, some amount of relaxation is needed for the intermodulation narrow band requirements. However, it should be noted that Rx band noise due to Tx PA is different from band to band. Therefore, further analysis is required to determine the final requirements for all bands.
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Figure 5. Cross modulation noise in Rx band for intermodulation narrow band requirements
7
ACS performance
DC-HSDPA ACS performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, observations and derivation of the required received signal power < Îor> for intermodulation minimum requirements are provided for each case below.

7.1
Case 1

Assumptions

· ACS blocker = -52 dBm @ 5 MHz offset [5]
· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm [5]
· Geometry = -5.5 dB [6]
Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -92 dBm (shown in Figure 6)

· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm depending on the band

1. When the Rx band noise due to the Tx PA is negligible,

· Total noise (Cross mod noise + Ioc) = -90.9 dBm to -90.0 dBm

· < Îor> for ACS (Total noise + Geometry) = -96.4 dBm to -95.5 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),

· Rx band noise due to Tx PA = -89.2 dBm

· Total noise (Cross mod noise + Ioc + Rx band noise) = -87.0 dBm to -86.6 dBm

· < Îor> for ACS (Total noise + Geometry) = -92.5 dBm to -92.1 dBm
3. Existing spec

· < Îor> for ACS (<REFÎor>+14 dB) = -88.7 dBm to -85.7 dBm
As shown above, no relaxation is needed for the ACS case 1 requirements. However, it should be noted that Rx band noise due to Tx PA is different from band to band. Therefore, further analysis is required to determine the final requirements for all bands.
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Figure 6. Cross modulation noise in Rx band for ACS requirements case 1
7.2
Case 2

Assumptions

· ACS blocker = -25 dBm @ 5 MHz offset [5]

· Rx IIP3 = -10 dBm

· Duplexer isolation = -50 dB

· UE Tx power = 20 dBm [5]

· Geometry = -5.5 dB [6]

Observations

· Tx leakage into Rx (Tx power (20 dBm) - Duplexer isolation) = -30 dBm 

· Cross mod noise in Rx band = -60 dBm (shown in Figure 7)

· Ioc (REFÎor – Geometry) = -97.2 dBm to -94.2 dBm depending on the band

1. When the Rx band noise due to the Tx PA is negligible,

· Total noise (Cross mod noise + Ioc) = -60.0 dBm

· < Îor> for ACS (Total noise + Geometry) = -65.5 dBm
2. When the Rx band noise is non-negligible (e.g., in bands V/VIII/XIX),

· Rx band noise due to Tx PA = -89.2 dBm

· Total noise (Cross mod noise + Ioc + Rx band noise) = -60.0 dBm

· < Îor> for ACS (Total noise + Geometry) = -65.5 dBm
3. Existing spec

· < Îor> for ACS (<REFÎor>+41 dB) = -61.7 dBm to -58.7 dBm
As shown above, no relaxation is needed for the ACS case 2 requirements. Since the cross modulation noise dominates over the Rx band noise, there will be no need to further analyze the Rx band noise in other bands.
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Figure 7. Cross modulation noise in Rx band for ACS requirements case 2
7
Conclusions
The analysis of DC-HSUPA transmission impact on DC-HSDPA Rx RF performance, including the in-band blocking, narrow band blocking, intermodulation and ACS requirements was presented. It was shown that some of the requirements need relaxation. Further analysis and discussion is expected to finalize the requirements for all bands. However, for the sake of work progress, we would like to propose the framework of the requirements.

As it was agreed in RAN4 #52bis [4], if the group agrees that there is no need to introduce the DC-HSDPA REFSENS requirements in the presence of DC-HSUPA transmissions, we would like to propose introducing the Rx core requirements at an absolute input level < Îor> (in dBm) as opposed to specifying the requirements at REFSENS < REFÎor> + some offset in a relative manner.
Proposal: Specify the Rx core requirements at an absolute input level < Îor> (in dBm).
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� In the spec [5], there are two cases: One is with -57 dBm GMSK blocker at 2.7 MHz offset and the other is with -56 dBm GMSK blocker at 2.8 MHz offset. Considering the similarity of two cases, the worst case across two scenarios was used in the analysis.


� In the spec [5], there are two cases: One is with -44 dBm CW & GMSK blocker at 3.5/5.9 MHz offset and the other is with -43 dBm CW & GMSK blocker at 3.6/6.0 MHz offset. Considering the similarity of two cases, the worst case across two scenarios was used in the analysis.
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