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Introduction
A recent contribution [1] highlighted issues with deployment scenarios for simultaneous PUCCH/PUSCH transmission within a single component carrier and on two component carriers. Unlike the more general view in that contribution the analysis here is limited to a single component carrier as this is sufficient to show the difficulties with simultaneous PUCCH and PUSCH transmission, in terms of:

· Coexistence: see Figures 1 to 5

· Desense: see Figures 6 to 9
Simulation Setup and Assumptions

The simulations were setup to use PUCCH and PUSCH signals that are typical for Release 8. For the PUSCH signal, QPSK data was used. Simultaneous PUSCH/PUCCH signals, created according to several scenarios presented below, were passed through a transmitter lineup model that simulates transceiver impairments and a nonlinear PA.
The scenarios presented in this contribution (Table 1) are a small subset of what is required to fully assess the coexistence and desense issues for simultaneous transmission of the PUSCH and the PUCCH.  Given the effort and time required to come to an agreement on Bands 1, 13 and 20 (these are just an example), the effort required to complete Release 10 will be many-fold that of Release 8. 

Scenarios
· Simulations used the specific scenarios in Table 1. The different scenarios in Table 1 below are obtained by varying:

1. The number of PUSCH RBs (3, 6 or 12)

2. The power level of the transmission (23, 20 and 17 dBm) 

3. The relative power levels of the PUSCH and the PUCCH (0 or 9.5 dB)

Table 1: Scenarios used for analysis
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Scenario

(Different PUCCH / PUSCH power in dBm and PUSCH number of RBs)


· 10 MHz channel

· The scenarios were simulated for a maximum PUCCH and PUSCH separation within the channel; however, the PUSCH RBs do not start at the edge but at RB location 3 assuming that RB locations 0, 1 & 2 are reserved for the PUCCH. The PUCCH is a single RB at location 49. 
· Note that for shorter separations between the PUSCH and the PUCCH, intermodulation levels will be very similar to the ones shown in the analyses in this contribution though the location of the intermodulation products will change.
Transmitter Lineup Model

· Transceiver impairments added were: the IQ imbalance and counter IM3 (CIM3) with the imbalance at -25 dBc and the CIM3 level at approximately ‑60 dBc. Carrier feed-through was not considered.

· The PA model used was presented in [2]. The model was derived from a commercially available PA and was scaled to provide a small amount of margin for HSUPA transmission in typical conditions. Refer to [2] for more information on the modeling details. 

Spectral Plots

· The spectral plots used for illustration (i.e., all Figures) use a resolution bandwidth of 1 MHz, however, four resolution bandwidths (in total) have been applied to show the effect from the point of view of:

· Coexistence (1 MHz)

· Public safety for Band 13 (6.25 kHz)

· Inband emissions (180 kHz) 

· PHS coexistence (300 kHz)
· The spectral plots used to demonstrate issues with coexistence (Figures 1 to 5) show a combination of the General E‑UTRA spectrum emission mask, the network signalled NS_03 and NS_04 masks as well as the spurious mask. All masks were obtained from [3]

· Note that results generally scale with bandwidth as the PA is very widely matched, allowing for similar conclusions about other bandwidths, e.g., 5 and 20 MHz
Desense Assumptions

· Desense is defined as the rise in the equivalent noise level in dB due to the TX interference. Table 2, below, tabulates the assumptions for the computation of desense. 
· Note that NF values are computed for an equivalent noise at the sensitivity level. 
· Typically such noise has several sources including a thermal component, TX energy folded through RX IIP2 & TX noise level in the RX Band. 
· The 2X2 TX MIMO assumption means that there are two TX paths. But it does not mean that the TX signals are uncorrelated as it is not expected that spatial multiplexing would be beneficial when the UE signal is at sensitivity.
· The assumption used here, for simplicity, is that the TX desense signals add in power, i.e., as if they were 90 degrees out of phase. If the TX interference were to add in phase, the level of desense results will be worse. 
· Assuming that there is only a single TX antenna gives similar levels of desense.

· The TX noise in the RX Band is integrated over the whole RX Band (~9 MHz)

· Each of the two TX PAs is assumed to transmit 23 dBm and have a 3 dBm front end loss for a total combined output power of 23 dBm

· The RX front end loss for the purpose of computing desense is assumed to be 5 dB (8 dB for Band 20)

Table 2: Assumptions for the computation of desense. See [3] for REFSENS values.
	Specs
	Band 20
	Bands 18, 19
	Band 11, 21

	Bandwidth
	10 MHz
	10 MHz
	10 MHz

	Sensitivity
	-94
	-97
	-97

	Antenna Configuration
	2 TX/RX
	2 TX/RX
	2 TX/RX

	Equivalent NF
	12
	9
	9

	Duplexer Isolation
At RX Freq
	-50 dB
	-50 dB
	-50 dB

	TX/RX 
Separation
	41 MHz
	45 MHz
	48 MHz

	TX Branch Combining
	90 deg phase
	90 deg phase
	90 deg phase


Results

The results 
1. Show five representative spectral density plots to illustrate the obvious spectral regrowth for simultaneous transmission of the PUCCH and the PUSCH 
2. Discuss violations of the spectrum emission masks and the spurious emissions mask.
3. Tabulate how many intermodulation products are required to reach certain power densities used for coexistence analysis, i.e., ‑57 dBm/6.25 kHz, ‑41 dBm/300 kHz and -50 dBm/MHz
4. Show four spectral density plots for Scenarios 3 & 4 (Figures 6 to 9) to highlight desense as applicable to Bands 20, 18, 19, 11 & 21 as well as tables to show the amount of desense per scenario
Spectral Density Plots
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Figure 1- Solid Line: Release 10 Scenario 1, PUSCH 3 RB and PUCCH both at 20 dBm at both extremes of a 10 MHz channel; Dotted Line: Release 8, PUSCH 3RB at left side of the channel – a RBW of 1 MHz is used.
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Figure 2- Scenario 2: PUSCH 3 RB at 13 dBm and PUCCH at 22.5 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 3- Scenario 3: PUSCH 6 RB and PUCCH both at 20 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 4- Scenario 4: PUSCH 6 RB @ 13 dBm and PUCCH @ 22.5 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 5- Scenario 5: PUSCH 3 RB @ 17 dBm and PUCCH @ 17 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
Spectrum Emissions and Spurious Emissions
Note that all Figures illustrate violation of the spurious emissions and the NS_04 masks, four of the five also illustrate a violation of the General and NS_03 spectrum emission masks. For Scenario 4, all four masks are violated in spite of having the PUSCH transmitting 6 RBs with a power that is 9.5 dB lower than that of the PUCCH.  The result highlights that problems with coexistence will extend beyond the relatively simple ones encountered in Band 13.  For comparison, Release 8 spectral plots are included for Scenarios 1 & 3 (Figures 1 &3) in dotted lines. In contrast to the Release 10 results, the Release 8 traces show margin to most masks with a minor violation of the NS_04 mask in Figure 1 (lower panel) due to the 3rd order mixing of the PUSCH signal with the imbalance image. 
Intermodulation Products
As was noted in [2] when the PA is used at maximum power (23 dBm nominal), some of the instantaneous HSUPA data will be in the saturation region for the PA. The peak to average of a combined PUCCH/PUSCH signal is higher than that of HSUPA, PUSCH or PUCCH modulations alone, causing substantial intermodulation to occur. The cases with equal PUSCH and PUCCH power levels are the worst, regardless of the number of RBs used for the PUSCH.  Refer to the illustrations, e.g., Figures 1 & 3 above; the very high intermodulation level and the slow decay of intermodulation power demonstrate that an appreciable amount of the signal power distribution is in the saturation region of the PA.

Table 3 tabulates at which intermodulation the PA output is able to meet the stated specification in the absence of any post-PA filtering e.g., duplexer. For some important issues such as PHS coexistence or inband emissions, filtering will not help. The intermodulation value is different depending whether the PUCCH is to the left or to the right of the PUSCH and the value shown is the worst of the two. Generally the intermodulations on the side of the PUCCH are worse because the PUCCH is expected to have larger power than the PUSCH. 

Band 1

Consider, for example, the case of Band 1 coexistence with PHS for 5, 10 or 20 MHz bandwidth cases, if the PUSCH is maximally separated from the PUCCH, the 5th intermodulation and beyond, for all scenarios presented, will reach PHS. If the location of the PUSCH is closer to the PUCCH the coexistence issue can be avoided. 
Inband Emissions

There are possible violations to inband emissions when the PUCCH and PUSCH are several RBs apart but only for scenarios 1 & 3. These violations are not major and can be avoided easily by keeping the PUSCH level 2 dB or more below that of the PUCCH.
Band 13

The guardband between Band 13 and the Public Safety Band is very short being less than a channel bandwidth and all of the scenarios have potential for a large violation of the coexistence specification. Note that the risk is potentially much greater than that generated with the mixing of the PUCCH and its imbalance image (which still occurs) because the PUSCH level may be larger than the -25 dBc level for the image.
Other Bands

This is FFS. But it is clear from the table that very careful analysis is needed.

Table 3: PA intermodulation exceeding different coexistence and inband emission limits
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Scenario

(Different PUCCH / PUSCH power in dBm and PUSCH number of RBs)


Desense

The tabulated results highlight that the opportunities for self-desense are dramatically increased with modulations that combine the PUSCH and the PUCCH simultaneously. Note that the location of the RX bandwidth relative to the location of the discrete locations for the intermodulation products is extremely important. So, the numbers provided should be considered a guide as the level of desense can change drastically depending on whether an intermodulation product falls directly on the RBs being received or not. The numbers provided are for the integrated average energy over the whole RX bandwidth but the level of desense on individual RX RBs may go from much worse than the values shown in the tables to negligible. 
Band 20

Table 4: Desense of Band 20 for some of the scenarios in Table 1

	Scenario
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Desense
	18.1
	7.1
	16.0
	5.3
	13.4
	3.4
	11.1
	2.3
	9.4
	1.2
	6.3
	0.7


For the Scenario 3 case illustrated in Figure 6a below the 9th & 11th order intermodulation products fall into the RX bandwidth causing an approximate 9 dB of desense. For the Scenario 4 case illustrated in Figure 6b, the level of desense is about 1.5 dB. 
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Figure 6a - Desense for Band 20 for Scenario 3, with channel to the left of the band.
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Figure 6b - Desense for Band 20 for Scenario 4, with channel to the left of the band.

Bands 18 & 19

Table 5: Desense of Bands 18 & 19 for some of the scenarios in Table 1

	Scenario
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Desense
	15.9
	4.0
	16.2
	3.9
	10.3
	1.4
	10.8
	1.4
	10.0
	1.3
	5.8
	0.4


For the Scenario 3 case in Figure 7 below the 11th order intermodulation product falls into the RX bandwidth causing an approximate 9 dB of desense. Note that these bands are expected to have better sensitivity, which makes them more susceptible to desense than Band 20.
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Figure 7 - Desense for Band 18/19 from Scenario 3, with channel to the left of the band.
Bands 11 & 21

Table 6: Desense of Bands 11 & 21 for some of the scenarios in Table 1

	Scenario
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Desense
	13.7
	2.6
	12.9
	2.3
	8.3
	0.8
	7.6
	0.8
	6.1
	0.4
	3.5
	0.2


For the Scenario 3 case in Figures 8 & 9 below the 11th order intermodulation product falls into the RX bandwidth causing an approximate 6.3 dB of desense. Note that the expected better sensitivity of these bands makes them more susceptible to desense than Band 20.
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Figure 8 - Desense for Band 11 from Scenario 3, with channel to the left of the band.
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Figure 9 - Desense for Band 21 from Scenario 3, with channel to the left of the band.
Conclusion
The results shown are not exhaustive or complete, there are other scenarios which are of concern both in terms of coexistence and desense, such as desense for Bands 5, 8, 12, 13 and 17. The results presented show that the consequences of simultaneous transmission of PUCCH and PUSCH would require an unfeasible amount of analysis time by the RAN4 Group given the deadlines for Release 10. Furthermore the results show that any transmission of simultaneous PUSCH and PUSCH, e.g., for contiguous component carriers would present similar issues and should be discouraged. An LS to RAN1 should be prepared to inform RAN1 of such concerns immediately.
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