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1 Introduction
In RAN1#67, two aspects of CSI enhancements in Rel-11 were discussed:

· To enable transmission of multiple serving cells’ periodic CSI in a subframe.
· To enable transmission of periodic CSI and multiple serving cells’ HARQ-ACK in a subframe.
However, no agreement was made since the impact of CSI dropping has not been sufficiently evaluated. In this contribution, we discuss the motivation of CSI enhancements in Rel-11 on the above two aspects by studying the DL throughput performance.
2 Discussion
System simulation results on DL throughput with the Rel-10 CA CSI reporting mechanisms are provided in Tables 8 – 13. General simulation assumptions according to [3] are shown in appendix. We discuss the results for low speed (3km/h) and medium speed (30 km/h) separately in the following.
· Low speed scenario (3km/h)
Tables 1 and 2 show the DL cell edge and cell average throughput loss respectively, comparing cases with different periodic CSI dropping probabilities and periodicities to the case of periodic CSI with 5ms periodicity and 0% dropping rate. From Table 1 and 2, it can be seen that DL throughput degradation becomes large with the increase of dropping rate and periodicity. It shall be noted that the DL throughput results in Tables 1 and 2 (or in Tables 8 and 9) assumes periodic CSI only.
The results in Tables 1 and 2 indicate that with 0% periodic CSI dropping, the DL cell edge and cell average throughput with 20ms periodicity does not degrade much compared to 5ms periodicity. On the other hand, with periodic CSI dropping (e.g. 70% periodic CSI is dropped due to collision with HARQ-ACK), both the DL cell edge and cell average degrade further, especially for cell edge throughput. It is expected that a UE configured with carrier aggregation may need to transmit HARQ-ACK in all UL subframes if PDSCH is continuously scheduled for the UE during a certain amount of time period. Hence, the periodic CSI dropping probability can be even larger than 70% as assumed in the evaluations. Hence, we have the following observations:

Observation 1: For low speed and periodic CSI only, 20ms periodic CSI per serving cell is proper, if simultaneous transmission of periodic CSI and multiple serving cells’ HARQ-ACK is supported.
Table 1: Cell edge throughput loss (compared to 5ms periodic CSI and 0% dropping rate, 3km/h)
	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms

	0%
	-
	-0.4%
	0.6%
	4.5%

	30%
	0.0%
	0.8%
	2.6%
	8.1%

	50%
	0.6%
	1.4%
	4.7%
	10.7%

	70%
	1.6%
	3.0%
	8.1%
	12.3%


Table 2: Cell average throughput loss (compared to 5ms periodic CSI and 0% dropping rate, 3km/h)

	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms

	0%
	-
	0.4%
	1.5%
	5.3%

	30%
	-0.2%
	0.6%
	2.5%
	6.3%

	50%
	-0.1%
	1.0%
	3.3%
	7.0%

	70%
	0.2%
	2.0%
	4.4%
	7.8%


Table 3 shows the DL cell edge and cell average throughput loss, comparing aperiodic CSI with different periodicities (assuming aperiodic CSI is transmitted periodically) to periodic CSI with 5ms periodicity and 0% dropping rate. It is observed that aperiodic CSI transmitted every 20 or 40ms has significant gains over periodic CSI transmitted every 5ms, due to more accurate CSI for frequency selective scheduling. The cost of aperiodic CSI is higher PDCCH overhead to trigger aperiodic CSI reporting and higher PUSCH overhead to transmit the aperiodic CSI. Hence, we have the following observation:

Observation 2: For low speed, aperiodic CSI provides better DL throughput than periodic CSI, at the expense of higher PDCCH/PUSCH overhead.
Table 3: Aperiodic CSI performance loss (comparing to 5ms periodic CSI and 0% dropping rate, 3km/h)

	
	periodicity

	
	20ms
	40ms
	80ms
	160ms

	Cell edge throughput
	-28.5%
	-14.8%
	5.1%
	9.9%

	Cell average throughput
	-12.4%
	-4.6%
	3.3%
	7.8%


· Medium speed scenario (30km/h)

Tables 4 and 5 show the DL cell edge and cell average throughput loss respectively, comparing cases with different periodic CSI dropping probabilities and periodicities to the case of periodic CSI with 5ms periodicity and 0% dropping rate. From Table 4 and 5, it can be seen that DL throughput degradation becomes large with the increase of dropping rate and periodicity. It shall be noted that the DL throughput results in Tables 4 and 5 (or in Tables 11 and 12) assumes periodic CSI only.
For medium speed, the periodicity of periodic CSI has a much larger impact on DL throughput than the low speed scenario. For example, when the periodicity extends from 5ms to 20ms, cell edge throughput degradation is more than 12%, and cell average throughput degradation is more than 9%. Hence, from the DL throughput perspective, 5ms periodicity is appropriate. On the other hand, with the Rel-10 CA periodic CSI mechanism, it may not be possible to support 5ms periodic CSI per serving cell for some TDD UL-DL configurations, due to the TDM approach and the fact that there are less UL subframes per radio frame for TDD. In addition, the excessive dropping of periodic CSI further decreases the DL throughput. Hence, we have the following observation.

Observation 3: For medium speed and periodic CSI only, 5ms periodic CSI per serving cell is proper for DL throughput, which requires the support of simultaneous transmission of multiple serving cells’ periodic CSI in one UL subframe and the support of simultaneous transmission of periodic CSI and multiple serving cells’ HARQ-ACK in one UL subframe.
Table 4: Cell edge throughput loss (compared to 5ms periodic CSI and 0% dropping rate, 30km/h)

	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms

	0%
	-
	6.9%
	12.3%
	16.7%

	30%
	-0.2%
	6.9%
	12.9%
	17.0%

	50%
	2.7%
	8.3%
	14.5%
	19.0%

	70%
	4.2%
	13.2%
	15.6%
	19.4%


Table 5: Cell average throughput loss (compared to 5ms periodic CSI and 0% dropping rate, 30km/h)

	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms

	0%
	-
	4.5%
	8.9%
	11.9%

	30%
	1.2%
	5.6%
	9.5%
	12.1%

	50%
	2.1%
	6.3%
	9.9%
	12.0%

	70%
	3.4%
	7.1%
	10.0%
	11.7%


Table 6 shows the DL cell edge and cell average throughput loss, comparing aperiodic CSI with different periodicities (assuming aperiodic CSI is transmitted periodically) to periodic CSI with 5ms periodicity and 0% dropping rate. It is observed that aperiodic CSI transmitted every 20ms has significant DL throughput loss compared to periodic CSI transmitted every 5ms. This is due to the fact that when the UE is moving at medium speed, CSI reporting periodicity is more critical than the frequency domain CSI information. It is obvious that further reducing the periodicity assumed for the aperiodic CSI can improve its corresponding DL throughput, at the expense of increased PDCCH and PUSCH overhead for aperiodic CSI. Hence, we have the following observation:

Observation 4: For medium speed, the benefits of aperiodic CSI over periodic CSI for DL throughput reduce significantly compared to low speed scenario.
Table 6: Aperiodic CSI performance loss (compared to 5ms periodic CSI and 0% dropping rate, 30km/h)

	
	periodicity

	
	20ms
	40ms
	80ms
	160ms

	Cell edge throughput
	10.3%
	13.8%
	17.2%
	18.3%

	Cell average throughput
	7.1%
	10.5%
	13.0%
	14.5%


3 Conclusions
In this contribution, we study the DL throughput with the Rel-10 CA periodic CSI reporting mechanism. By studying both low and medium speed scenarios, we observe it is beneficial to support simultaneous transmission of multiple serving cells’ periodic CSI in one UL subframe, and simultaneous transmission of periodic CSI and multiple serving cells’ HARQ-ACK in one UL subframe. Hence, we propose to support these two features in Rel-11.
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5 Appendix
Table.7 Simulation assumption
	Parameters
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UEs per sector

	Bandwidth
	10MHz

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Channel model
	SCM urban macro, high spread

	UE speed 
	3km/h, 30km/h

	Antenna configuration
	4Tx with 0.5 lambda spacing, Cross-polarized: +/- 45 degrees

2Rx, Cross-polarized: +90/0 degrees

	Scheduler
	Proportional Fair,

	Receiver
	MMSE

	Feedback granularity
	50RBs for wideband PMI feedback, 6RBs for subband PMI feedback

	Channel estimation
	Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB

	CSI reporting period
	5, 10, 20, 40, 80, 160 msec

	CSI dropping rate
	0, 30, 50, 70%


Table 8: Periodic CSI mode 1-1 (5% throughput, 3km/h)
	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	0
	0.0494
	0.0496
	0.0491
	0.0472
	0.0420
	0.0404

	30%
	0.0494
	0.0490
	0.0481
	0.0454
	0.0420
	0.0393

	50%
	0.0491
	0.0487
	0.0471
	0.0441
	0.0406
	0.0393

	70%
	0.0486
	0.0479
	0.0454
	0.0433
	0.0403
	0.0390


Table 9: Periodic CSI mode 1-1 (average throughput, 3km/h)
	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	0
	1.6372
	1.6300
	1.6134
	1.5505
	1.4678
	1.4114

	30%
	1.6398
	1.6268
	1.5965
	1.5337
	1.4618
	1.4185

	50%
	1.6393
	1.6207
	1.5836
	1.5230
	1.4584
	1.4228

	70%
	1.6347
	1.6038
	1.5648
	1.5096
	1.4576
	1.4266


Table 10: Aperiodic CSI mode 3-1 (3km/h)
	periodicity
	20ms
	40ms
	80ms
	160ms

	5% throughput
	0.0635
	0.0567
	0.0469
	0.0445

	Average throughput
	1.8394
	1.7122
	1.5827
	1.5093


Table 11: Periodic CSI mode 1-1 (5% throughput, 30km/h)
	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	0
	0.0448
	0.0417
	0.0393
	0.0373
	0.0366
	0.0356

	30%
	0.0449
	0.0417
	0.0390
	0.0372
	0.0358
	0.0358

	50%
	0.0436
	0.0411
	0.0383
	0.0363
	0.0350
	0.0359

	70%
	0.0429
	0.0389
	0.0378
	0.0361
	0.0367
	0.0367


Table 12: Periodic CSI mode 1-1 (average throughput, 30km/h)
	dropping rate
	periodicity

	
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	0
	1.5426
	1.4728
	1.4048
	1.3594
	1.3273
	1.3137

	30%
	1.5243
	1.4566
	1.3959
	1.3558
	1.3355
	1.3267

	50%
	1.5098
	1.4458
	1.3906
	1.3580
	1.3404
	1.3348

	70%
	1.4905
	1.4327
	1.3877
	1.3625
	1.3509
	1.3419


Table 13: Aperiodic CSI mode 3-1 (30km/h)
	periodicity
	20ms
	40ms
	80ms
	160ms

	5% throughput
	0.0402
	0.0386
	0.0371
	0.0366

	Average throughput
	1.4324
	1.3800
	1.3427
	1.3188
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