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1. Introduction
The impact of the control channel power settings on PDSCH demodulation performance has been tentatively analyzed in [1]. It is found out that the PDCCH/PCFICH BLER of the most scenarios is less than 0.1%, hence indicating that no additional boosting would be needed for those cases. However, the PDCCH/PCFICH BLER of six PDSCH scenarios was found to exceed 0.1%, hence indicating a possible problem in the actual testing. It was concluded that the performance of these scenarios would need to be evaluated assuming the presence of control errors.
In the present contribution, we provide further simulation results to assess the impact on PDSCH performance and discuss possible solutions.
2. Discussion of the problem scenarios
The scenarios with PDCCH/PCFICH BLER higher than 0.1% (as analyzed in [1]) are listed in Table 1 below:
Table 1 – Problem scenarios
	
	test
	parameters
	36.101 requirement
	free

CCEs

	
	
	allocation
	# tx ant.
	# ctrl sym
	# CCE
	channel
	corr
	FDD
	TDD
	

	SIMO
	5
	6 PRB
	1
	4
	4
	EVA5
	low
	-0.5
	-0.5
	6

	SIMO 1 PRB (TDD)
	16
	15 PRB
	1
	4
	8
	ETU70
	low
	1.9
	2.1
	17

	
	
	
	
	2
	4
	
	
	
	
	7

	TX diversity 4 TX
	1
	6 PRB
	4
	4
	4
	EPA5
	med
	0.2
	-0.2
	5

	Single-layer SM 2 TX
	2
	50 PRB
	2
	2
	8
	EPA5
	high
	-2.8
	-3.3
	25

	Single-layer SM 4 TX
	1
	50 PRB
	4
	2
	8
	EVA5
	low
	-3.4
	-3.7
	19

	DRS
	1 
	50 PRB
	1
	2
	8
	EPA5
	low
	-0.8
	-0.8
	25

	DRS
	4 
	50 PRB
	1
	2
	8
	EPA5
	low
	1.7
	1.7
	25


The performance of the 1.4 MHz scenarios is further impaired by the reduced maximum aggregation level (4 CCE). For TDD SIMO test 16, there are 4 CCEs available for the special subframes and 8 CCEs for the rest.
Also worthwhile noting is that the TDD test point of all above scenarios is lower than the FDD test point (excluding SIMO 1 PRB). This fact, combined with the slightly worse PDCCH/PCFICH performance in the case of TDD, suggests that the control performance should be evaluated for TDD as a worst case assumption.

Shown in Table 1 are also the boosting headrooms in terms of the number of free CCEs after the PCFICH/PHICH mapping. Although this value gives some indication of the overall boosting headroom, it should be noted that it is not possible to apply equal RA and RB values for all PDCCH and PHICH resource elements due to uneven distribution of REGs within the control region. This is illustrated in Table 2, which shows the maximum boosting values in terms of the RA (OFDM symbols not containing RS) and RB (OFDM symbols containing RS) parameters. These values are given relative to the CRS EPRE.
The maximum boosting values are calculated assuming the following:

· no OCNG is applied on free CCEs (after PCFICH/PHICH/PDCCH mapping)

· no TX dynamic range limitations

· no extra PHICH boosting relative to PDSCH (Ng=1, duration=normal)

· PDCCH allocation starting at CCE number 0

· no uplink grants

Table 2 – Maximum boosting values
	
	test
	maximum boosting
	selected boosting values

	
	
	PCFICH
	PDCCH
	PCFICH
	PDCCH
	OCNG

	
	
	RB
	RA
	RB
	RB
	RA
	RB
	tot
	sym-0
	sym-1
	sym-2
	sym-3

	SIMO
	5
	3.0
	1.7
	3.0
	2.5
	1.5
	2.5
	1.6
	-3.6
	-7.7
	-3.2
	-7.7

	SIMO 1 PRB (TDD)
	16
	3.2
	3.3
	3.2
	2.5
	2.5
	2.5
	2.5
	-2.7
	-3.7
	-5.0
	-5.0

	
	
	3.5
	2.4
	3.5
	3.0
	2.0
	3.0
	2.3
	-4.5
	-7.0
	n/a
	n/a

	TX diversity 4 TX
	1
	-0.7
	-1.6
	-2.7
	-1.0
	-2.0
	-3.0
	-2.3
	-12.5
	-6.0
	-7.7
	-10.9

	Single-layer SM 2 TX
	2
	1.6
	1.8
	1.6
	1.0
	1.0
	1.0
	1.0
	9.7
	-8.8
	n/a
	n/a

	Single-layer SM 4 TX
	1
	0.1
	n/a
	0.1
	-0.5
	n/a
	-0.5
	-0.5
	-8.5
	-5.8
	n/a
	n/a

	DRS
	1 
	9.3
	4.8
	4.8
	4.0
	4.0
	4.0
	4.0
	-1.6
	-5.8
	n/a
	n/a

	DRS
	4 
	9.3
	4.8
	4.8
	4.0
	4.0
	4.0
	4.0
	-1.6
	-5.8
	n/a
	n/a


It was commented in RAN4#54 that the uplink grants might need to be accounted in the boosting calculations. According to our understanding the UL grants are however not needed in the PDSCH demodulation tests.

The boosting values to be used in the simulations (“selected boosting values” in the table) are selected by accounting the remaining practical limitations, i.e. avoiding excessive OCNG deboosting, limiting the maximum PDCCH boosting to 4 dB (according to 36.104), and finally adding some margin to account the impact of varying CCE allocation (the UE search space is a function of the subframe). 
The boosting headroom could be slightly increased by applying no OCNG in the control region. The benefit from this would be however quite marginal, hence not probably justifying the increased complexity.
The boosting headroom could be also potentially increased by specifying the boosting values per control symbol. This approach would be however incompatible with the current specification, where RA and RB are used.
As a summary, introducing control boosting would imply the following changes compared to the current test procedure:
· The boosting values within the control region would need to be adjusted per PCFICH, PDCCH, PHICH, and CRS, using the RA and RB parameters. The boosting of these channels would however remain fixed from subframe to subframe.
· The boosting of the control channel OCNG would need to be calculated per control symbol (the RA and RB being not applicable) to maintain a constant Ior. These values could be either given in the RAN5 specifications, or they could be left for each TE vendor to implement, however fulfilling the requirement of constant Ior.
· For the cases where the total number of CCEs is larger than the UE specific search space (8 or 16 CCE in the considered scenarios), the OCNG boosting values would also need to be calculated per subframe to account a varying CCE allocation.
Feedback from TE vendors would be helpful to conclude whether these aspects would pose a problem from the actual testing point of view.
3. Simulation results

The simulations are carried out assuming TDD mode. For boosted cases, the shaded values from Table 2 are adopted. No additional boosting is applied on PHICH.
Table 3  shows the simulation results in terms of the PDSCH performance loss, which is the difference between the SNR needed for 70 % throughput assuming no control errors and the SNR needed for 70 % throughput assuming a presence of the PCFICH/PDCCH errors. 
Table 3 – Simulation results
	
	test
	performance loss [dB]

	
	
	w/o boosting
	w/ boosting

	SIMO
	5
	-0.5
	-0.3

	SIMO 1 PRB
	16
	0.0
	0.0

	TX diversity 4 TX
	1
	-0.4
	-0.3

	Single-layer SM 2 TX
	2
	-0.5
	-0.1

	Single-layer SM 4 TX
	1
	-0.2
	0.0

	DRS
	1
	-0.1
	0.0

	DRS
	4 
	0.0
	0.0


Based on the above results, it seems that no further actions are needed regarding the 1 PRB scenario and the two DRS scenarios, for which the performance reduction due to control channel errors is within 0.1 dB. 
For the other scenarios, there is a performance degradation of 0.2-0.5 dB. Considering that the extra margins of the LTE requirements are of similar magnitude, some corrective actions are obviously needed.
Unfortunately the control performance problem of SIMO-5 and TXDIV-1 tests cannot be fully eliminated by applying power boosting, as there are not enough free CCEs from which to borrow the power. 
4. Way forward
There seems to be no self-evident way how to tackle the issue of the insufficient control channel performance. The obvious candidates are:
1. Relax the minimum requirements
Further simulations might be required to define the relaxation level. 
2. Apply power boosting
Changes would be needed on the power settings and the OCNG definition (see Chapter 4). Feasibility in terms of the TE implementation would need to be clarified. The minimum requirements of certain scenarios might still need to be relaxed despite of the boosting.
3. Modify the verification scenarios (e.g. larger bandwidth, higher test point, etc)
A new alignment/impairment simulation campaign would be needed. It is also unclear whether there can be any major changes in the Rel-8 requirements.
It should be highlighted that the window for any significant changes in Rel-8 performance specification is very narrow. It is understood that, accounting the RAN5 schedule on finalizing the Rel-8 test procedures, all major changes should be completed within RAN4#55 timeframe.
Considering the specification schedule and the apparent limitations of the boosting approach, the only viable approach might be a relaxation of the existing minimum requirements. 

3. Conclusions

In the present contribution we have further analyzed the impact of the control channel on PDSCH performance. According to simulation results, there is a performance reduction of up to 0.5 dB due to control channel errors. 
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